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Bezmialem Science is an independent, unbiased, international
online journal that publishes articles in all branches of medicine
in accordance with the double-blind peer-review process.
The print version of the journal is not available and it is only
accessible at www.bezmialemscience.org. The manuscripts
published on this web page can be read free of charge and files
can be downloaded in PDF format. Four issues are released per
year, in January, April, July and October. Publication language is
Turkish and English.

Bezmialem Science indexed in Science-Emerging Sources
Citation Index, TUBITAK ULAKBIM TR Index, EBSCO, Cinahl,
CiteFactor, TurkMedline, Tirk Atif Dizini, idealOnline, ROOT
INDEXING, J-Gate, EuroPub, DOAJ, Hinari, GOALI, ARDI, OARE,
AGORA, ProQuest, CABI.

The target population of this journal includes medical
academicians, specialists, assistants, and medical students. The
aim of the journal is to publish high-ranking original researches
in basic and clinical sciences, reviews covering contemporary
literature about medical education and practice, reports of rare
cases, and manuscripts that would contribute to continuous
medical education.

Management of the editorial processes and pursued ethical
policies are in accordance with the criteria of International
Committee of Medical Journal Editors (ICMJE), World Association
of Medical Editors (WAME), Council of Science Editors (CSE),
European Association of Science Editors (EASE) and Committee
on Publication Ethics (COPE).

Open Access Policy

This journal provides immediate open access to its content on
the principle that making research freely available to the public
supports a greater global exchange of knowledge.

Open Access Policy is based on the rules of the
Budapest Open Access Initiative (BOAI) http://www.
budapestopenaccessinitiative.org/. By “open access” to peer-
reviewed research literature, we mean its free availability on the
public internet, permitting any users to read, download, copy,
distribute, print, search, or link to the full texts of these articles,
crawl them for indexing, pass them as data to software, or use

them for any other lawful purpose, without financial, legal, or
technical barriers other than those inseparable from gaining
access to the internet itself. The only constraint on reproduction
and distribution, and the only role for copyright in this domain,
should be to give authors control over the integrity of their work
and the right to be properly acknowledged and cited.

All manuscripts should be submitted over the web page at www.
bezmialemscience.org. Instructions for authors, technical issues,
and other necessary forms can be accessed over this web page.
Authors are responsible for all content of the manuscripts.

Allexpenses of the Bezmialem Science are covered by Bezmialem
Vakif University. Advertisements are welcomed for publication
on the web page and all applications in this respect should be
made to Galenos.

Bezmialem Vakif University owns the royalty and national
and international copyright of all content published in the
journal. Other than providing reference to scientific material,
permission should be obtained from Bezmialem Vakif University
for electronic submission, printing, distribution, any kind of
reproduction and reutilization of the materials in electronic
format or as printed media.
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The journal Bezmialem Science is an international periodical
published in electronic format in accordance with the principles
of independent, unbiased, and double-blinded peer-review. Four
issues are published per year, in January, April, July and October.

The print version of the journal is not available and it is only
accessible at www.bezmialemscience.org. The manuscripts on
this web page are accessible free of charge and full text PDF files
can be downloaded.

Authors should submit manuscripts only to the web page at www.
bezmialemscience.org. Manuscripts sent by other means will not
be evaluated. Full text of the manuscripts may be in Turkish or in
English.

The title, abstract and Keywords in every manuscript should
be written both in Turkish and English. However, manuscripts
submitted by foreign authors outside of Turkey do not necessarily
include Turkish title, abstract and keywords.

Preliminary conditions for the approval of the manuscripts
include being original, having a high scientific value and having
high citation potential.

Submitted manuscripts should not have been presented or
published elsewhere in electronic or printed format. A statement
should be included for previous submission to and rejection by
another journal. Relaying previous reviewer evaluation reports
would accelerate the evaluation process. Name, date and place
of the event must be specified if the study has been previously
presented at a meeting.

The authors transfer all copyrights of the manuscript relevant
to the national and international regulations to the journal as
of evaluation process. Copyright Transfer Form signed by all
authors should be submitted to the journal while uploading the
manuscript through submission system. All financial liability and
legal responsibility associated with the copyright of the contained
text, table, figure, picture, and all other sorts of content protected
by national and international laws belong to the author.

Author Contribution Form should be completed by the
corresponding author in order to protect authors’ rights and
avoid ghost and honorary authorship issues.

All kinds of aids and support received from persons and
institutions should be declared and ICMJE Uniform Disclosure
Form for Potential Conflicts of Interest should be completed to
clarify conflicts of interest issues.

The format of the manuscripts must conform to the journals
instructions and to the standards of ICMJE-Recommendations for
the Conduct, Reporting, Editing and Publication of Scholarly Work
in Medical Journals (updated in December 2016 -http://www.
icmje.org/icmje-recommendations.pdf) and the presentation of
the content must be in accordance with appropriate international

guidelines. CONSORT should be used for the reporting of
randomized trials, STROBE for observational studies, STARD
for diagnostic studies, PRISMA for systematic reviews and
meta-analyses, ARRIVE for animal studies, Care for case reports
and TREND for non-randomized behavior and public health
intervention studies.

Ethics committee report prepared in accordance with “WMA
Declaration of Helsinki-Ethical Principles for Medical Research
Involving Human Subjects” and “Guide for the Care and Use of
Laboratory Animals” is required for experimental and clinical
studies, drug investigations and some case reports. The authors
may be asked to submit ethics committee report or a substitute
official report, if deemed necessary. In papers reporting the
results of experimental studies, after explaining in detail all
procedures that the volunteer subjects and patients underwent,
a statement should be included in the text indicating that all
subjects provided consent for the study. In animal studies, it
should be clearly specified how the pain or discomfort has been
relieved. Informed consents, name of the ethics committee, issue
number and date of the approval document should be written in
the Methods section of the main document.

All manuscripts are subject to preliminary evaluation by the
Editors. The manuscripts are reviewed for possible plagiarism,
replication and duplicated publication during this process. Our
journal will impose sanctions in accordance with the guidelines
of Committee on Publication Ethics (COPE) in conditions where
such non-ethical issues may arise. Subsequently, manuscripts are
forwarded to at least 2 independent referees for double-blinded
peer-review. The reviewers are selected among independent
experts with international publications and citations on the
subject of the manuscript. Research articles, systematic reviews
and meta-analyses are also evaluated by a statistician. Authors are
deemed to have accepted that required revisions are to be made
by the Editors provided that this will not make a comprehensive
change in the original document.

Upon approval of the manuscript for publication, requests of
addition to or removal from the author list or order change will
not be accepted.

The manuscripts should be prepared with Microsoft Office Word
and should comply with the following specifications.

Title Page

For each type of manuscript, title page should be uploaded
through online submission system as a separate Microsoft Word
documentthatincludes Turkish and English title of the manuscript,
names of the authors and latest academic degrees, name of the
department and institution, city, and country. If the study has
been conducted in more than one center, affiliation of each
author must be specified using symbols. Correspondence address
should include name of the corresponding author, postal address,
e-mail address, phone and fax numbers. Name, date and place of
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the meeting must be specified if the study has been presented in
a previous meeting. Disclosure of Conflict of Interest, Disclosure
of Institutional and Financial Support, Author Contribution and
Acknowledgments should be included in this page.

Original Research: Abstract should be written in Turkish and
English, and be structured with Objective, Methods, Results and
Conclusion sections. Abstract should not exceed 250 words.
Keywords must conform to Medical Subject Headings (MeSH)
terms prepared by National Library of Medicine (NLM) and contain
minimum 3 and maximum 6 items; keywords should be written
in Turkish and English just below the abstract. Main text should
contain Introduction, Methods, Results, Discussion, Limitations
of the Study, Conclusion, References, Tables, Figures and Images,
and should be limited to 5000 words excluding references.
References not exceeding 50 would be acceptable.

Statistical analyses must be conducted in accordance with the
international statistical reporting standards (Altman DG, Gore SM,
Gardner MJ, Pocock SJ. Statistical guidelines for contributors to
medical journals.Br Med J 1983: 7; 1489-93). Statistical analyses
should be written as a subheading under the Methods section
and statistical software must certainly be specified. Data must be
expressed as meantstandard deviation when parametric tests are
used to compare continuous variables. Data must be expressed
as median (minimum-maximum) and percentiles (25th and 75th
percentiles) when nonparametric tests are used. In advanced and
complicated statistical analyses, relative risk (RR), odds ratio (OR)
and hazard ratio (HR) must be supported by confidence intervals
(Cl) and p values.

Editorial Comments: Editorial comments aim at providing brief
critical commentary by the reviewers having expertise or with
high reputation on the topic of the research article published
in the journal. Authors are selected and invited by the journal.
Abstract, Keywords, Tables, Figures, Images and other media are
not included. Main text should not include subheadings and be
limited to maximum 1500 words; references should be limited to
15.

Review: Reviews which are prepared by authors who have
extensive knowledge on a particular field and whose scientific
background has been translated into high volume of publication
and higher citation potential are taken under review. The authors
may be invited by the journal. Reviews should be describing,
discussing and evaluating the current level of knowledge or topic
used in the clinical practice and should guide future studies. The
manuscript contains unstructured abstract not exceeding 250
words. The manuscript should include minimum 3 and maximum
6 keywords which conform to Medical Subject Headings (MeSH)
terms prepared by National Library of Medicine (NLM). Main text
should contain Introduction, Clinical and Research Consequences
and Conclusion sections. Main text should not exceed 5000 words
and the references should be limited to 50.

The originality of the visual media contained in the reviews should
be confirmed by submitting a letter to the journal. The original
versions of the printed or electronic copies of the images adapted
from a published source should be cited properly and the written
permission obtained from the copyright holder (publisher, journal
or authors) should be forwarded to the journal.

Case Report: There is limited space for case reports in the
journal and reports on rare cases or conditions that constitute
challenges in the diagnosis and treatment, those offering new
therapies or revealing knowledge not included in the books,
and interesting and educative case reports are accepted for
publication. The abstract should be unstructured and should not
exceed 250 words. The manuscript should include minimum 3
and maximum 6 keywords which conform to Medical Subject
Headings (MeSH) terms prepared by National Library of
Medicine (NLM). The text should include Introduction, Case
Report, Discussion, Conclusion, References, Tables, Figures and
Images sections, and should be limited to 700 words. References
should be limited to 10.

Letter to the Editor: Includes manuscripts discussing important
parts, overlooked aspects or lacking parts of a previously
published article. Articles on the subjects within the scope of
the journal that might attract the readers’ attention, particularly
educative cases can also be submitted in the form of “Letter to
the Editor”. Readers can also present their comments on the
published manuscripts in the form of “Letter to the Editor”.
Abstract, Keywords, Tables, Figures, Images and other media are
not included. The text should be unstructured and should not
exceed 500 words; references are limited to 5. Volume, year, issue,
page numbers, and title of the manuscript being commented on,
as well as the name of the authors should be clearly specified,
should be listed in the references and cited within the text.

Images in Clinical Practices: Our journal accepts original high
quality images related to the cases which we have come across in
clinical practices, that cites the importance or infrequency of the
topic, makes the visual quality stand out and present important
information that should be shared in academic platforms. Titles of
the images should not exceed 10 words and should be provided
both in English and Turkish. Images can be signed by no more
than 3 authors. Figure legends are limited to 200 words and the
number of figures are limited to 3. Video submissions will not be
considered.

Special Considerations
Names of the corresponding author and other authors,
affiliations, and other information on the study centers should
not be included in any part of the manuscript or images in order
to allow double-blinded peer-review. Such information should be
uploaded to the relevant section of the online submission system
and separately added to the title page.
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All tables, figures, graphs and other visual media must be
numbered in order of citation within the text and must not
disclose the names of the patients, doctors or institutions.
Tables must be prepared in a Microsoft Office Word document
using “Insert Table” command and be placed at the end of the
references section in the main document. Tables should not be
submitted in JPEG, TIFF or other visual formats. In microscopic
images, magnification and staining techniques must be specified
in addition to figure captions. All images should be in high
resolution with minimum 300 dpi. Lines in the graphs must be in
adequate thickness. Therefore, loss of details would be minimal
if reduction is needed during press. Width must be 9 cm or 18
cm. It would be more appropriate if the drawings are prepared
by the professionals. Gray color should be avoided. Abbreviations
must be explained in alphabetical order at the bottom. Roman
numerals should be avoided while numbering the Tables and
Figures, or while citing the tables in the text. Decimal pointsin the
text, tables and figures should be separated by comma in Turkish
sections and by dots in English sections. Particularly, tables should
be explanatory for the text and should not duplicate the data
given in the text.

Pharmaceuticals should be specified with their generic names,
and medical products and devices should be identified with brand
name and company name, city and country.
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References should be numbered in the order they are cited.
Only published data or manuscripts accepted for publication and
recent data should be included. Inaccessible data sources and
those not indexed in any database should be omitted. Titles of
journals should be abbreviated in accordance with Index Medicus-
NLM Style (Patrias K. Citing medicine: the NLM style guide for
authors, editors, and publishers [Internet]. 2nd ed. Wendling DL,
technical editor. Bethesda (MD): National Library of Medicine
(US); 2007 - [updated 2011 Sep 15; cited Year Month Day] (http://
www.nlm.nih.gov/citingmedicine). All authors should be listed if
an article has six or less authors; if an article has more than six
authors, first six authors are listed and the rest is represented
by “ve ark.” in Turkish articles and by “et al.” in English articles.
Reference format and punctuation should be as in the following
examples.
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EDITORIAL

“Therapeutic Options and Potential Vaccine Studies Against COVID-19"

The novel coronavirus-2019 (COVID-19) disease was first reported in late 2019 and then turned into a pandemic in the following days and
months of 2020. Although the current treatment of COVID-19 is based on anti-inflammatory and anti-viral agents no complete cure is available
for this disease. The solution to the pandemic problem seems possible only via two ways, either effective drug therapy or the development of
an effective vaccine.

This special issue is gathered very valuable research results or review articles discussing the experiences of clinicians regarding the treatment of
COVID-19 or the recent developments in vaccine production. Our first article in this special issue covers the experiences of Turkish clinicians in
the treatment of COVID-19 using hydroxychloroquine (HCQ), azithromycin, and favipiravir. Sarikaya et al. have reported that hypertension and
diabetes mellitus (DM) have been the most common comorbid reasons. They also have concluded that in patients receiving treatment based on
Favipiravir; advanced age, DM, chronic heart disease (CHD), Chronic kidney disease (CKD), troponin-I elevation, and secondary bacterial infections
are associated with mortality. Chronic renal failure (CRF) and troponin-I elevation have been defined as predictors of mortality.

In the second article, Mayda et al. have been extensively reported the history of pandemics, opening a new window for better understanding
the current situation of human beings in fighting with microbial diseases. The interesting impression of this article on readers is that protection
hasn’t changed much from ibn-i Sina’s “El Kanun fi't Tib” book to today. These recommendations consist of personal hygiene, distance, and
stress-free life.

The third article by Gepdiremen et al. tackles the future therapy of COVID-19 using Viral S-glycoprotein, transmembrane protease serine 2
(TMPRSS2), and angiotensin-converting enzyme-2 (ACE-2) inhibitors as extracellular media components. The authors emphasize the high ability
of SARS-Cov viruses in mutation and defend the idea that instead of developing vaccines for each mutant virus, it could be more effective to
synthesize de novo drugs like ACE-2 or TMPRSS2 blockers to specifically block spike binding sites of the target cells and prevent virus intrusion,
especially at the extracellular media, for future pandemics.

In the fourth article Anacak et al. discuss drug repurposing in the treatment of COVID-19. Repurposing is a process that uses drugs that have
been previously defined for certain indications in the treatment of a new disease. authors discuss using several techniques including chemical
structure-based methods, ligand-based methods, methods based on bioinformatics data such as transcriptomic based drug repositioning,
literature mining-based drug repositioning, and target-based approaches. In conclusion, the authors mention that the recent efforts to develop
a treatment for COVID-19, are employing drug repositioning rather than drug and target-based strategies. They also mention that some drugs
that were investigated using the disease-based approach strategy did not make a significant difference in clinical studies.

Another drug repurposing study is done by Kesmen et al. which approaches the therapeutic effects of ivermectin an FDA-approved drug as a
broad-spectrum antiparasitic compound in COVID-19 treatment. They report that the molecular mechanism of this drug could be related to
blocking the nuclear entry of importin alpha and beta-1 (IMPa/31) mediated viral protein, inhibition of TNF-a and interleukin (IL)-13 production
and consequently causing an increase in IL-10 production and activation of the NF-kB pathway. The authors also mention that ivermectin and its
derivatives are protected by patents for some indications, hence, patent protection research and appropriate modifications could be useful to
come over the obstacles on the way of serving health to the public.

The sixth article of the current special issue is a review entitled “An overview of COVID-19 medicines in current guidelines” by Guler and Gokce
which covers guidelines for adult and child patient drug treatment and, also, the Potential antiviral agents used in the treatment process of
COVID-19. Their article covers approved doses for Hydroxychloroquine, Azithromycin, Favipiravir, Lopinavir, and Ritonavir. Furthermore, the
authors discuss the potential of Remdesivir, Nafamostat, Ribavirin, Oseltamivir, Penciclovir/ acyclovir, Ganciclovir, and Nitazoxanide.

Similarly, Arsoy and Ozdemir have prepared a very comprehensive review of “Current therapeutic interventions for COVID-19". The authors
mention that although specific drugs began to be developed, the first potential candidate drugs were drugs such as broad-spectrum antibiotics,
antiviral agents, anti-parasitic agents, and interferon, which were planned to be used with similar indications before the pandemic. Their article
contains three very useful tables regarding supportive treatment options other than specific medications, classification of various drugs tried
in COVID-19, and various combination therapies in COVID-19 disease. These tables are followed by the detailed information about Chloroquine
and Hydroxychloroquine and their use in pregnancy and lactation, Mefloguine, Remdesivir, Interferons, Lopinavir/Ritonavir, Ribavirin,
Favipiravir Corticosteroids, Vitamin C, Teicoplanin, Ivermectin, Tocilizumab, Oseltamivir, Emetine, Intravenous, Immunoglobulin and other
Immunomodulator Agents, Umbilical, Cord Mesenchymal Stem Cell (UC-MSC) Transplantation.

Inavery modern approach to anti-viral therapies, Arisoy and Comoglu discuss the possibility of using nano-drug delivery systems in the treatment
of COVID-19. Nano drug delivery systems with the ability to target special organs, tissue, or protein can provide higher efficacy with the lower
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doses of drugs which facilitates the drug application in toxic doses. Authors emphasize the ability of liposomes the most known nano-drug
delivery systems in targeting lungs. They mention that liposomes are widely used drug carriers by inhalation due to their safety and ability to
provide controlled drug release in the lung. These carriers can hold a wide variety of therapeutic molecules for delivery to peripheral airways
in large volumes using medical nebulizers. Pressurized metered inhalers, soft spray inhalers, and dry powder inhalers can deliver relatively
small amounts of medication to the lungs compared to medical nebulizers that can deliver large volumes using simple liposome preparation
techniques. They conclude that it is important for liposomes to be used in COVID-19 treatment due to their biocompatibility, targeting the
region, and their ability to create a trapping structure.

In a very important article of our special issue, Prof. Kocyigit discusses the advantages and disadvantages of using Vitamin Cin the treatment of
COVID-19. The author mentions that normally, Vitamin C is a powerful antioxidant vitamin, however, besides that, it shows a pro-oxidant effect
in the presence of pharmacologically high doses of transition metals such as iron and copper. Thus, in antiviral treatment, while it was desired
to benefit from both antioxidant and pro-oxidant effects of high-dose Vitamin C it is possible to cause serious damage in on tissue due to the
cumulative effect of increased oxidative stress caused by disease inflammation increased the pro-oxidant effect of Vitamin C.

Topcu et al. have presented a very inclusive review on the effects of alkaloids, the natural nitrogen-bearing compounds of plants, fungiand marine
organismsin COVID-19 treatment. The authors gather the information regarding the anti-corona virus efficacy of indigo, sinigrin and B-sitosterol,
natural alkaloids from Isatis indigotica, showing their activity via inhibiting the cleavage activity of the 3-chymotrypsin-like protease in cell-free
and cell-based assay. They also mention the SARS-CoV-2 and SARS-CoV inhibiting activity of two natural alkaloids 10-hydroxyusambarensine and
cryptoquindoline from African plants. From Chinese medicinal plant Lycoris radiata, lycorine is being reported in this review as an anti-SARS-CoV
alkaloid. In the same manner, antiviral activity of bis-benzylisoquinoline alkaloids; cepharanthine, tetrandrine and fangchinoline in significantly
inhibiting human coronavirus HCoVOC43 is being reviewed by the authors. In conclusion the authors point out to the use of two very famous
compounds Favipravir and Remdesivir as emergency alkaloids in the fight with viral pandemics.

In the final article of this special issue about treatment strategies, Kaymakci and Guler propose the use of Cordyceps sinensis and Cordyceps
militaris the entomopathogenic fungi which are used for their antiinflammatory, immunomodulatory, lung improving, and antiviral functions
in Traditional Chinese Medicine as anti-Corona virus plants. They conclude that according to previous research, C. sinensis and C. militaris can be
effective agents for the prevention and treatment of COVID-19 by immunomodulating, reducing the proinflammatory cytokines, preventing
lung fibrosis, improving tolerance to hypoxemia, and inhibiting the viral enzymes.

In the second section of this special issue, potential vaccine studies against COVID-19 are being discussed in two very comprehensive articles by
Kazak et.al and Mayda et.al. These authors are agreed in the concept that three pandemics caused by SARS, MERS, and SARS-CoV-2 are believed
to have started as a result of bat coronaviruses that crossed the species barrier. Therefore, other outbreaks are likely to occurin the future due
to the unlimited supply of coronavirus available in the bat population. Prevention is always the best treatment, and continuous viral surveillance
of wild animals is extremely important for potentially emerging CoVs. Clinical trials begin with small safety studies in animals and humans,
followed by much larger studies to determine whether a vaccine induces an immune response. As a result of all these, it may take many years for
the vaccine to emerge, so fast, reliable and easy-to use viral test kits should be developed on the research side. The continuous development of
vaccines and antivirals will provide an assurance of fighting and controlling emerging CoV diseases.

As guest editor, | am so proud and honored of receiving, reading, reviewing, and editing above mentioned scientifically precious works. | need
to thank all authors and reviewers who have contributed in the best possible way in generating this special issue. | also owe to thank Prof. Dr.
Adem Akcakaya the Editor in Chief of the journal Bezmialem Science. Our success with this special issue would not be possible, had he not laid
the groundwork already.

On behalf of all co-editors of Bezmialem Science, | would also like to express my best gratitude to the Rector of the Bezmialem Vakif University,

Prof. Dr. Rumeyza Kazancioglu, and the esteemed Board of Trustees for their financial and moral support from this special issue.

Assist. Prof. Dr. Fatemeh Bahadori,

Bezmialem Vakif University,

Faculty of Pharmacy,

Department of Pharmaceutical Biotechnology, istanbul, Turkey
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Favipiravir Temelli Tedavi Alan COVID-19 Tanili Hastalarin Klinik ve Laboratuvar
Degerlendirmesi
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ABSTRACT

Objective: Severe acute respiratory syndrome coronavirus-2
(SARS COV-2); can lead to severe respiratory failure. In this study,
factors affecting mortality in Coronavirus disease (COVID-19)
patients who were hospitalized with hydroxychloroquine (HCQ),

azithromycin and favipiravir treatments were investigated.

Methods: Between March 10 and May 10, 2020, COVID-19
reverse transcription polymerase chain reaction (RT-PCR) positive
treatment naive 683 patients were screened retrospectively. Five
hundred four patients were followed without treatment or with
HCQ treatment. Out of 179 patients, 137 were hospitalized and
42 were directly admitted to the intensive care unit (ICU). Oxygen
saturation of these patients is <90%, follow-up (>30/min) and
HCQ, azithromycin, favipiravir were started. 35 of 137 patients
were transferred to ICU. Mechanical ventilation was provided to
69 (89%) of 77 patients in the ICU. 19 (24%) patients received
tosilizumab and 13 (17%) patients received immune plasma. It
was divided into two as healing and exitus. Demographic features,
comorbid diseases, secondary bacterial infections and acute organ
damage were recorded.

Results: Two hundred of the patients were male and their average
age was 60.9+16.4 years. HT and diabetes mellitus (DM) were
the most common comorbid disease. Acute liver injury was most
common. 54 patients became exitus. Exitus group has higher mean
age, chronic heart disease (CHD), DM, CRE acute cardiac damage
and secondary bacterial infection are more statistically significant
(p<0.05). Exitus status DM 2.17, COPD 2.18, asthma 3.01,

oz

Amag: Siddetli akut solunum yetmezligi sendromu-2 (SARS-
CoV-2); hafif enfeksiyonlardan agir solunum yetmezligine kadar
cesitli tablolara yol acabilir. Bu calismada hastaneye yatirilarak
hidroksiklorokin (HCQ), azitromisin ve favipiravir iiclii kombine
ilag tedavileri verilmiy COVID-19 hastalarinda mortaliteye etki
eden fakeorler incelenmistir.

Yontemler: 10 Mart-10 Mayts 2020 tarihlerinde COVID-19 ters
transkripsiyon polimeraz zincir reaksiyonu pozitif tedavi naif 683
hasta retrospektif tarandi. 504 hasta hafif semptomu olup ilag
tedavisi verilmeksizin veya tek basina HCQ tedavisi ile takip edilmis
ve sifa ile sonuglanmist. 179 hastadan 137’si klinige, 42si direk
yogun bakim {intesine (YBU) yatirlmisti. Bu hastalarin hepsinin
oda havasinda oksijen saturasyonu <%90, takipnesi (>30/dk) olup
es zamanli olarak ii¢lii kombine ila¢ tedavisi (HCQ, azitromisin,
favipiravir) baglanmisti. Klinik takipte 137 hastadan 35’i YBU’ye
nakledilmisti. YBUdeki 77 hastanin 69’una (%89) mekanik
ventilatér destegi verilmisti. On dokuz (%24) hastaya tosilizumab,
13 (%17) hastaya ise konvelesan immiin plazma uygulanmusti.
Hastalar sifa ile taburcu ve eksitus seklinde ikiye ayrildi. Demografik
ozellikler, komorbid hastaliklar, sekonder bakteriyel enfeksiyonlar
ve akut organ hasarlari kayit edildi.

Bulgular: Hastalarin 120%si erkek, ortalama yaslar1 60,9+16,4di.
HT ve DM en sik komorbid hastalikt. En sik akut karaciger
hasart goriildii. Elli dért hasta eksitus oldu. Eksitus grubunda yas
ortalamasinin daha yiiksek olmasi, kronik kalp hastaligr (KKH),
DM, kronik bébrek yetmezligi (KBY), akut kardiyak hasar ve
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CHD 2.4, CRF 8.3, malignancy 1.6, acute cardiac damage 12.9,
secondary bacterial infection development 3.63 times mortality
increase statistically significant (p<0.05).

Conclusion: In patients receiving treatment based on Favipiravir;
advanced age, DM, CHD, CKD, troponin-I elevation and
secondary bacterial infections are associated with mortality. CRF
and troponin-I elevation are predictors of mortality.

Keywords: COVID-19, favipirovir, mortality

Introduction

Coronaviruses (CoV) are RNA viruses that can cause generally
mild infections in humans and mammals (1). Severe acute
respiratory syndrome coronavirus-1 (SARS-CoV-1) and Middle
East respiratory syndrome coronavirus in this group lead to more
severe clinical pictures (2). The World Health Organization
(WHO) named the new CoV that emerged in Wuhan, China,
as (SARS-CoV)-2, and the disease caused by this virus was
named COVID-19 (3). SARS-CoV-2, which is a member of the
coronavirus family, may cause mild clinical symptoms or lead to
severe respiratory failure and may be mortal.

According to the American Center for Disease Control and
Prevention and WHO data, approximately 11.6 million people
in the world were diagnosed with COVID-19 and more than
539,900 of them died (4).

Protein synthesis inhibitors, RNA polymerase enzyme inhibitors,
viral entry inhibitors, human monoclonal antibody inhibitors,
anti-inflammatory and immunomodulatory drugs are used
in the treatment of COVID-19. Currently, remdesivir and
favipiravir, which are anti-viral agents in phase-3 stage, are used
in the treatment of the disease (5,6).

In this study, patients who were hospitalized in a tertiary hospital
and received the combined hydroxychloroquine (HCQ),
azithromycin and favipiravir therapy were evaluated. It was
aimed to determine the factors affecting mortality and comorbid
diseases in these patients.

Method

This study was approved by the University Health of Science,
Hamidiye Scientific Research Ethics Committee (decision
number 20/182 dated 15.05.2020).

Study Population

In this study, 683 patients who applied to Ministry of Health
Sultan 2. Abdiilhamid Han Training and Research Hospital
between March 10, 2020 and May 10, 2020 and who were found
to be COVID-19 real time-polymerase chain reaction (RT-PCR)
positive in nasopharyngeal/oropharyngeal swab samples were
retrospectively screened. None of the 683 patients had previously
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sekonder bakteriyel enfeksiyon daha fazla goriilmesi istatistiksel
anlamli bulunmugtur (p<0,05). Eksitus durumuna DM 2,17,
KOAH 2,18, asum 3,01, KKH 2,4, KBY 8,3, malignite 1,6, akut
kardiyak hasar 12,9, sekonder bakteriyel enfeksiyon gelisimi 3,63
kat mortalite artisina neden olup istatistiksel anlamli (p<0,05)
saptanmigtir.

Sonug: Favipiravir temelli tedavi alan COVID-19 hastalarinda; ileri
yas, DM, KKH, KBY, troponin-1 yiiksekligi ve sekonder bakteriyel

enfeksiyonlar mortalite ile iliskili faktdrlerdir. KBY ve troponin-1
yiiksekligi bu hastalarin mortalitesi i¢in prediktordiir.

Anahtar Sézciikler: COVID-19, favipirovir, mortalite

received treatment for COVID-19. 504 of these patients were
patients with mild clinical symptoms or asymptomatic, and were
followed up on an outpatient basis with hydroxychloroquine
treatment for 5 days or without any treatment in line with
the COVID-19 guideline recommendation of the Ministry of
Health. No mortality was observed in any of the 504 patients;
respiratory deterioration requiring initiation of favipiravir
therapy did not develop; and resulted in recovery. Out of 683,
179 patients were hospitalized and followed up. Of the 179
patients hospitalized, 137 were admitted to the COVID-19
clinic, the remaining 42 patients were directly admitted to the
ICU at the time of admission to the emergency department,
after determining the need for ICU. In 137 patients hospitalized
in the clinic, dual drug therapy was started as HCQ 2x400 mg
and azithromycin 1x500 mg on the first day, HCQ 2x200 mg
and azithromycin 1x250 mg for the next 4 days in line with
the COVID-19 guideline recommendation of the Ministry of
Health. During the follow-up, 2x600 mg maintenance therapy
for 4 days was added to patients whose oxygen saturation at
room air was <90% and tachypnea started (>30/min) after
a loading dose of 2x1600 mg favipiravir on the first day. In
102 of these patients, oxygen saturation in room air increased
above 95% after triple combined drug therapy, their tachypneas
improved, did not need intensive care, no mortality occurred and
were discharged with full recovery. In 35 patients, despite the
initiation of triple combined drug and nasal oxygen treatments,
their oxygen saturation remained below 90%, and they were
transferred to the ICU due to the need for respiratory support.
Fourty two patients were directly admitted to the ICU during
their admission to the emergency department despite the oxygen
support because their saturation was below 90%, respiration rate
>30/min or they were found to be hypotensive. In line with the
recommendation of the Ministry of Health COVID-19 guideline
for patients directly admitted to the ICU, simultaneous triple
combined drug therapy (after loading doses of HCQ 2x400 mg,
azithromycin 1x500 mg, favipiravir 2x1600 mg on the first day,
HCQ 2x200 mg, azithromycin 1x250 mg, favipiravir 2x600
mg for 4 days) was started. 69 of 77 (89%) patients followed
in the ICU were given invasive mechanical ventilator support.
In addition to triple combined drug therapies, 19 of 77 (24%)
patients followed in the ICU were administered tocilizumab and
13 (17%) had convalescent immune plasma therapies.
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179 patients who used favipiravir-based triple combination
drug therapy included in the study; They were divided into
two groups as patients who were discharged after recovery and
those who died. Demographic information of the patients
such as age and gender, and comorbid diseases such as type 2
diabetes mellitus (DM), essential hypertension (HT), chronic
obstructive pulmonary disease (COPD), asthma, coronary heart
disease (CHD), malignancy and chronic renal failure (CRF)
were recorded. Secondary bacterial infections (blood culture
positivity) developed during the follow-up after hospitalization
were also recorded to examine the effect on mortality.

At the first admission to the hospital, alanine amino transferase
(ALT), aspartate amino transferase (AST), serum urea, serum
creatinine, serum troponin-I and estimated glomerular filtration
rate (eGFR) were analyzed. A decrease of <20% from baseline
eGFR and/or an increase in basal serum creatinine >0.2 mg/
dL was considered significant for renal damage; eGFR <15
mL/min/1.73 m2 was considered significant for chronic renal
failure; patients with serum ALT and AST levels >40 IU/L were
considered significant for acute liver injury (7,8); patients with
serum troponin-I levels >30 ng/L were considered significant for
acute cardiac damage (9).

In our laboratory, reference ranges are determined by company
recommendations; the normal reference range is indicated as ALT
of 5-40 U/L, AST of 5-40 IU/L, troponin-I of 0-30 ng/L, urea of
15-44 mg/dL, and creatinine of 0.6-1.4 mg/dL. The eGFR value
is calculated using the CKD-EPI system. Biochemical analyzes
such as serum urea, creatinine, AST, ALT and troponin-I were
measured at the Ministry of Health, Sultan 2. Abdiilhamid Han
Training and Research Hospital, Mustafa Giiltepe Laboratory
using in-house Giilhane Askeri Medical Academy kits applied to
Abbott Architect C-16000 model autoanalyzer devices.

COVID-19 RT-PCR tests were analyzed in Sultan 2. Abdiilhamid
Han Training and Research Hospital authorized PCR laboratory
with ROTORGEN brand device of QIAGEN using Bio-Speedy
COVID-19 RT-qPCR detection kit recommended by Public
Health Agency of Turkey (THSK).

Study Limitations

Since data on comorbid diseases are obtained from the anamnesis
given by the person at the time of admission, some patients may
have missed comorbid diseases. The reliability of the study could
be increased by measuring myoglobin, creatinine kinase MB
(CK-MB) level with serum troponin-I, and using methods such
as myocardial perfusion scintigraphy and echocardiography in
the evaluation of acute cardiac injury. The treatments used for
comorbid diseases and whether the related diseases are under
control could not be evaluated.

Statistical Analysis

Parametric tests were used without normality test due to the
compatibility of the Central Limit Theorem (10). Student’s t-test
was used to compare the means of two independent groups, and
the repeated ANOVA test was used to compare the means of

more than two dependent groups. Chi-square test was used
to evaluate the relationship between categorical variables. The
exposure ratio (odds ratio) of variables thought to be associated
with exitus status was given. Statistical significance level of the
data was given as p<0.05. www.e-picos.com New York software
and MedCalc statistical package program were used to analyze
the data.

Results

One hundred twenty of the patients (67%) included in the
study were male and their mean age was 60.9+16.4 years. It was
observed that at least one comorbid disease was detected in 104
patients, the most common comorbid diseases were HT and
DM. At the time of admission, at least one acute organ injury
was detected in 95 patients, with acute liver injury the most
common. Fifty four of the study patients (30.2%) died during
the follow-up (Table 1).

When the relation of comorbid diseases, clinical findings and
socio-demographic characteristics with mortality is evaluated
statistically: the mean age of the patients who died was statistically
significantly higher than the patients who were discharged with
recovery; CHD, DM, and CRF were higher among comorbid
diseases; acute cardiac damage at the time of admission and
secondary bacterial infection development after hospitalization
were higher (p<0.05). No statistically significant difference was
found between the two groups of patients for gender (p>0.05)
(Table 2).

When the factors affecting exitus and discharge with recovery are
evaluated; DM (OR: 2.17, Cl: 1.1-4.3, p<0.05), COPD (OR:
2.18, Cl: 0.75-6.35, p<0.05), asthma (OR: 3.01, Cl: 0.79-11.9,
p<0.05), CHD (OR: 2.4, Cl: 1.2-4.94, p<0.05), CRF (OR:
8.3, Cl: 3.01-22.8, p<0.05), malignancy (OR: 1.6, Cl: 0.2-9.4,
p<0.05), acute cardiac damage (OR: 12.9, Cl: 5.5-30.5, p<0.05),
secondary bacterial infection development during follow-up
(OR: 3.63, Cl: 1.5-8.6, p<0.05) were statistically significant and
it was found that they increased the mortality risk (Table 3).

Discussion

COVID-19 disease can be mild or cause death by causing severe
respiratory failure. Since there is no specific treatment for the
disease yet, pre-existing treatment agents are used in this disease.
HCQ, azithromycin and favipiravir combined triple therapy is
recommended for COVID-19 patients with severe pneumonia
and hypoxemia in our country. In our study, factors affecting
mortality in patients meeting these criteria were examined.

In a study conducted by Guan et al. (11) with 1590 patients,
the average age of the patients was 48.9; the mean age of the
patient group with comorbidity was 60.8; 25% of all patients
and 51.5% of patients with severe clinical picture had at least
one comorbid disease; HT was the most common comorbid
diseases with a rate of 16.9%. Goyal et al. (12) stated in their
study with 393 patients that the mean age of the patients was
62.2, 35.8% of them were obese, HT was the highest comorbid
disease with a rate of 50.1% and 10.2% of them died. In a study
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Table 1. Distribution of descriptive features of patients
with COVID-19 (n=179)

Descriptive Features n (%)
X+ SD Min-max
Age
60.9£16.4 21-96
Median (25%-75%) 62 (50-73)
n (%)
Gender Male 120 (67)
Female 59 (33)
Mortalite Discharged 125 (69.8)
Ex 54 (30.2)
DM No 127 (70.9)
Yes 52 (29.1)
HT No 103 (57.5)
Yes 76 (42.4)
COPD No 164 (91.6)
Yes 15 (8.4)
Asthma No 170 (95)
Yes 9 (5)
CHD No 137 (76.5)
Yes 42 (23.5)
Malignancy No 174 (97.2)
Yes 5(2.8)
Acute liver damage No 113 (63,1)
Yes 66 (36.9)
Acute cardiac damage No 143 (79.9)
Yes 36 (20.1)
Acute renal Failure No 153 (85.5)
Yes 26 (14.5)
Chronic renal failure No 157 (87.7)
Yes 22 (12.3)
Secondary bacterial infection No 154 (86)
Yes 25 (14)

DM: Type 2 diabetes mellitus, HT: Essential hypertension, COPD: Chronic
obstructive pulmonary disease, CHD: Chronic heart disease, SD: Standard
deviation, min: Minumum, max: Maximum
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conducted by Cao et al. (13) with 198 patients, the average age
of all patients was 50.1, and 34% of the patients had at least one
comorbid disease. It was observed that the rate of at least one
comorbid disease in patients hospitalized in the ICU was 52%.
While the most common comorbid disease in patients was HT
with a rate of 21%, HT (31%) and CHD (26%) were the most
common in patients admitted to the ICU. In a study conducted
by Richardson et al. (14) with 5700 patients, the mean age of
the patients was 63 years, and the most common accompanying
disease was found to be HT (56.6%). In this study, it was stated
that 41.7% of the patients were obese and 19% were morbidly
obese. In our study, while the mean age of our patients was
higher than the studies of Guan et al. (11) and Cao et al. (13),
it was lower than that of Goyal et al. (12) and Richardson et al.
(14). Similar to the studies of these four researchers, we observed
that the most common comorbid disease in our study patients
was HT. Goyal et al.(12) and Richardson et al. (14) stated that
both high average age of the study patients and higher rates
of obesity could explain the more frequent occurrence of HT.
Because our study patients are of advanced age and have a severe
clinical picture, we concluded that we reached HT rates similar
to the studies conducted by Goyal et al. (12) and Richardson et
al. (14) Ignoring the exclusion criteria, we also concluded that
if the COVID-19 RT-PCR positive 683 patients were analyzed,

our average patient age and HT rate could be lower.

In a study conducted with 198 patients, Cao et al. (13) stated
that the distribution of men and women was equal, 90% of the
19 patients admitted to the ICU were men, and accordingly,
the male gender had risk factors associated with the severity of
the COVID-19 disease. Jian et al. (15), in a study conducted
with 43 patients, stated that the rate of getting the disease was
equal in women and men, while they observed that the disease
was mortal in 70.3% of male patients and 29.7% of female
patients. In addition, it has been stated that the number of men
who die is 2.4 times more than women, and that COVID-19
disease causes more mortality in male patients regardless of age.
Richardson et al. (14) stated that 60.3% of the patients were
male, but gender had no effect on mortality in their study. In our
study, we concluded that although the male sex ratio was higher
in the whole patient population and the exitus group, gender did
not make a statistically significant difference on the severity and
mortality of the disease.

Guan et al. (11) stated in their study that COPD, DM, HT
and malignancy comorbid diseases led to a 2.68, 1.59, 1.58 and
3.5-fold increase in mortality risk, respectively. In our study,
COPD increased the risk of mortality by 2.18, DM 2.17, and
malignancy 1.6 times. Our findings were similar to those found
by Guan et al. (11) for these three comorbid diseases. Even
though it was observed in our study that HT caused an increase
in mortality risk 1.7 times, we found that it was not statistically
significant. We surmised that the use of antihypertensive therapy
and controlling arterial blood pressure in patients with HT may
have limited the effect of hypertension on mortality. It is clear
that studies to be conducted by evaluating antihypertensive
treatment options and treatment compliance rates of patients in
large patient groups are needed.
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Table 2. Statistical relations between socio-demographic characteristics, acute organ damage and secondary bacterial
infections during follow-up and discharge with exitus/recovery status (n=179)

Discharged with Exitus
recovery (n=125) (n=54)
Descriptive features X+ SD X+ SD p value
Age 57.1+16.4 69.7+12.4 <0.0001
n (%) n (%)
Gender Male 83 (66.4) 37 (68.5)
Female 42 (33.6) 17 (31.5) 0.78
DM No 95 (76) 32 (59.3)
Yes 30 (24) 22 (40.7) 0.02
HT No 77 (61.6) 26 (48.1) 0.09
Yes 48 (38.4) 28 (51.9)
COPD No 177 (93.6) 47 (87) 0.15
Yes 8 (6.4) 7 (13)
Asthma No 121 (96.8) 49 (90.7) 0.09
Yes 4(3.2) 5(9.3)
Chronic heart disease No 102 (81.6) 35 (64.8) 0.01
Yes 23(18.4) 19 (35.2)
No 122 (97.6) 52 (96.3) 0.63
Malignancy
Yes 3(2.4) 2(3.7)
Acute liver damage No 80 (64) 33(61.1) 0.71
Yes 45 (36) 21 (38.9)
Acute cardiac damage No 116 (92.8) 27 (50) <0.0001
Yes 9 (7.2) 27 (50)
No 105 (84) 48 (88.9)
Acute renal Failure
Yes 20 (16) 6(11.1) 0.39
. . No 119 (95.2) 38(70.4) <0.0001
Chronic renal failure
Yes 6 (4.8) 16 (29.6)
No 114 (91.2) 40 (74.1) 0.002
Secondary bacterial infection*
Yes 11 (8.8) 14 (25.9)

Student's t/Chi-square
*Defines bacteremia that develops in follow-up after hospitalization.

DM: Type 2 diabetes mellitus, HT: Essential hypertension, COPD: Chronic obstructive pulmonary disease, CHD: Chronic heart disease, SD: Standard deviation, min:

Minumum, max: Maximum

Rowson et al. (16) reported that 8% of 806 COVID-19
patients had bacterial/fungal co-infections during admission to
the hospital. Goyal et al. (12) stated that 130 of 393 patients
followed up in ICU received invasive mechanical ventilation
support, 5.6% of patients developed bacteremia during follow-
up and 10.2% of the patients resulted in death. No data are given
on agents that cause bacteremia. 43% of our study patients were
followed up in the ICU and bacteremia developed in 14% of

these patients during the follow-up, and Klebsiella pneumoniae
and Acinetobacter baumanii were the most common bacteremia
agents. The patients who developed bacteremia were: those who
were followed for more than 7 days under invasive mechanical
ventilation support; those with cytokine release syndrome, those
with multiple organ failure and shock; and those with underlying
comorbid diseases. It was thought that the reason for our
secondary bacterial infection rate to be higher than other studies

"
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Table 3. Statistics of factors affecting the exitus state

(n=179)

Variable Odds Lower Upper

ratio (95%cC) (95%cl) P value
-
HT 17 0.91 3.29 '(;fg.“oigca”t
COPD 218 0.75 6.35 f;zgi;i;)ant
Asthma 3.01 0.79 11.9 f;zgi:isc)ant
Malignancy 1.6 0.2 9.4 f;ggf;‘;;"t
SRS e os (me [SIRER
gt.;:l::erenal 0.65 0.25 1.74 I(r;igr)i?)cant
::::::{y 3.63 1.5 8.6 f;ggi;i;)ant
infection**

* Significant at p<0.05 level (Odds ratio).

**Defines bacteremia that develops in follow-up after hospitalization.

DM: Type 2 diabetes mellitus, HT: Essential hypertension, COPD: Chronic
obstructive pulmonary disease, CHD: Chronic heart disease, Cl: Confidence
interval, CRF: Chronic renal failure

was that our patients were hypoxaemic, severe pneumonia cases
and could be associated with prolonged hospitalization.

In the study by Cao et al. (13), while it was reported that 17%
of all patients had acute liver damage, 5% had acute renal failure,
11% had acute cardiac toxicity, 42% of the patients followed in
the ICU have acute liver damage, 15% have acute renal failure,
and 47% have acute cardiac toxicity. In our study patients,
we found lower rates of acute liver injury and acute cardiac
toxicity, and similar rates of acute renal failure. In our study, it
was determined that 50% of the patients who died had acute
cardiac damage and its relation with mortality was statistically
significant.

Du etal. (17) reported that 21 of 179 patients diagnosed with
COVID-19 who were hospitalized were lost; they stated that
being over 65 years old, having a history of cardiovascular and
cerebrovascular disease, having CD3 + CD8 + T lymphocyte
count <75 cells/uL and serum troponin-I level of >0.05 ng/mL
were associated with mortality. They stated that low CD3 + CD8
+ T lymphocyte count and high troponin-I level were predictors
for mortality of COVID-19 pneumonia patients. Our mortality
rates were higher in our study compared to other studies. We
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think that our mortality rate was higher due to the fact that our
study patients showed severe pneumonia symptoms and were
followed for a long time in the ICU with invasive mechanical
ventilation support. In our study, serum troponin-I elevation
was found 12.9 times higher in the patient group who died,
and it was evaluated as a predictor for mortality in COVID-19
pheumonia patients.

Although the number of our patients who received tocilizumab
and convalescent immune plasma treatment was small, when the
effects of these treatments on mortality were evaluated, 6 of 19
(31.5%) patients who received tocilizumab treatment and 7 of
13 (53.8%) patients who received convalescent immune plasma
died. While the mortality rate in the group receiving tocilizumab
treatment was similar to our general patient population, the
mortality rate was higher in patients who received convalescent
immune plasma therapy. When 13 patients who were treated
with convalescent immune plasma were retrospectively analyzed,
it was observed that the positivity continued for a longer time
in recurrent nasopharyngeal/oropharyngeal swab COVID-19
PCR samples. Although it was concluded that long-term
nasopharyngeal/oropharyngeal virus load might increase the
mortality of patients, it was thought that studies with more
patients are needed.

Conclusion

In COVID-19 patients with pneumonia and hypoxemia, where
favipiravir-based drug treatment options are used effectively in
accordance with current guideline recommendations; advanced
age, DM, CHD, CRE increased serum troponin-I at the time
of first admission and secondary bacterial infection development
at follow-up were determined as mortality-related factors. CRF
and acute cardiac injury have been evaluated to be predictors
of mortality in patients with severe pneumonia diagnosed with

COVID-19.
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History of Epidemics and COVID-19

Salginlar Tarihcesi ve COVID-19

® Pelin YUKSEL MAYDA, ® Harika Oykii DINC

Bezmialem Vakif University Faculty of Pharmacy, Department of Pharmaceutical Microbiology, Istanbul, Turkey

ABSTRACT

In archaeological excavations, it has been reported that formations
resembling bacterial fossils are found among the rock layers and they
belong to millions of years ago. There are those who have created
the flora and preserved us by creating our flora, and those that have
brought us to the end, as well as those that help us to form the
microorganisms that we share with the same planet, whose existence
dates back to ancient times. Although our immune system and
medical facilities are trump cards against microorganisms living in
the world for much longer than human beings, these are not always
enough to protect us, and microorganisms are causing outbreaks
that will make history. In this review, we aimed to examine the
epidemic diseases experienced by human beings from past to present
and their effects.

Keywords: Epidemic, pandemic, COVID-19

Introduction

Epidemics, defined as an increase in the number of individuals
infected with an infectious disease in a certain population and
in a certain time period, have always been a problem due to
microorganisms for a long time (1). Sometimes these epidemics
caused many deaths that would cause a high number of
deaths, sometimes famines that would lead to other diseases,
and sometimes political events that could even stop wars (2).
Throughout the history, these microorganism-induced epidemics
are mostly caused by bacteria and viruses, as well as also people and,
also animals, carry and spread them (3). When we look at diseases
transmitted by animals, it was possible that hunter-gatherer

oz

Yapilan arkeolojik kazilarda, kaya tabakalari arasinda bakeeri
fosillerine benzeyen olusumlara rastlandigi ve bunlarin milyonlarca
yil oncesine ait oldugu bildirilmistir. Varliklar1 bu kadar eski
zamanlara dayanan ayni gezegeni paylastigimiz mikroorganizmalarin
aralarinda  yediklerimizin olusmasini saglayanlar ve floramiz
olusturarak bizi koruyanlar oldugu gibi sonumuzu getirebilecek
olanlar da var. Insanoglundan ¢ok daha uzun siiredir diinyada
yasayan mikroorganizmalara karst her ne kadar bagisiklik sistemimiz
ve tibbi imkanlar, elimizdeki kozlar olsa da bunlar bizi korumaya
her zaman yetmiyor ve mikroorganizmalar tarihe damga vuracak
salginlara neden olarak karsimiza ¢ikiyor. Bu derlemede gegmisten
giiniimiize insanoglunun yasadigt salgin hastaliklari ve etkilerini
irdelemeyi amagladik.

Anahtar Sézciikler: Salgin, pandemi, COVID-19

people started agriculture and settled down and at the same time,
microorganisms in these animals could be transmitted to humans
from animal products (milk, feces, etc.) by domestication of
animals. In addition to the contamination caused because of these
products, the mutations in viruses and the resistance developed
by bacteria also played a role in the epidemics to create greater

problems (4).

Epidemics Effecting Human History from Ancient Times to
the Present

In 430 BC, The Athens plague, which was seen during the
Peloponnesian War between Athens and Sparta, and lasted for
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five years and caused the death of 100 thousand people, was
recorded as the first pandemic in the ancient times in human
history. Libya, Ethiopia, Egypt are the countries affected by
Athens plague. Fever, thirst, skin rash and lesions were also
detected with the disease and various descriptions like typhoid
and Rift valley fever have been made. It is considered that the
overpopulation caused by the war was effective in the spread of
this first pandemic (5).

In the years 165-180 AC, another epidemic disease, although
the cause is still unclear, Antoninus plague, experienced in the
Roman Empire and considered to be brought by the soldiers
returning from eastern expeditions, was accompanied by the
symptoms such as fever, sore throat, diarrhea, and rash, even if
it reminds diseases such as smallpox and measles. This epidemic
is named after the Roman emperor Marcus Aurelius Antoninus
died, and is believed as one of the major plague epidemics, killed
2 thousand people a day and lost 30 percent (5 million) of the
total population of the empire. This epidemic started a process
that continued until the destruction of the empire, as the power
loss of the empire, and led to power wars and civil wars within

the empire (6,7).

In 250-270 AC, Cyprian Plague of the Cyprian, named by the
Bishop of Carthage, caused the loss of 1 million of the world
population, which was approximately 200 million at that time.
The epidemic first started in Ethiopia, than spread to Rome,
Greece and Syria, and lasted about 20 years. Diarrhea, vomiting,
throat ulcers, fever, lesions on the hands and feet, were some of
the symptoms of the plague and the pandemic continued to be
seen repeatedly in the following 3 centuries (8).

The plague of Justinian was thought to be caused by the bacterium
Pasteurella pestie (later named Yersinia Pestis), which started in
Europe in 541 and spread to Egypt, Palestine, Syria and from
there to Anatolia. This pandemic is thought to have entered the
city through mice, which were among the supplies brought into
the city by military units. It was thought that the people was
infected by the plague which is transferred to humans by the
biting of a flying insect named “Xenopsylla” living on mice and
caused the infected people to die within a few days. This was
interpreted as the first emergence of the bubonic plague, nearly
a few hundred daily deaths at the beginning, which was sooner
reached to thousands of daily deaths. The disease continued its
normal course and disappeared by itself, but 25 to 100 million
people were lost till that date (26% of the world’s population)

9).

The Japanese Smallpox Outbreak, which occurred in Tokyo
between 735-737, spread to neighboring countries, causing the
death of approximately one million people. Most of those who
died in the epidemic that killed a third of the Japanese population
were children (10).

The black plague epidemic, caused by the bacterium Yersinia
pestis, which led to one of the most devastating epidemics in
history, killed between 75 and 200 million people, one third
of the world’s population, between 1346 and 1353. After the

deaths, the Black Plague epidemic, which caused the God and
the church to be questioned in the society, was effective enough
to cause a reform in religion (11). Climate change and hot
and dry winds facilitated the transport of bacteria by fleas. In
addition, the bacteria were spreading to the port cities by the
fleas living on the mice on the ships. The beginning of the use
of masks began with the theory that doctors suppressed the
smell with 55 spices and dried flowers due to the miasma theory.
Apart from that, the concept of quarantine was first reported in
1,377 with the enactment of a law that ships and commercial
caravans, that want to enter into Ragusa (Croatia-Dubrovnik),
coming from places where plague was seen, cannot enter after
1 month disinfection in Mrkan island or Cavtat town (12).
“Quarantine”, which means 40 days in Italian, has a symbolic
and religious meaning, as well as due to the infections that will
occur after the puerperium. For the first time in the history of
the Ottoman Empire, the official quarantine decision was taken
in 1838 and the Ministry of Quarantine was established in 1839
to institutionalize this situation. Urla quarantine island was
built together with the French in the 18" century as the first
quarantine application area (13).

Europeans who came into contact with the natives of the
Americas in the 15" century, infected the microorganisms to
the people here. Chickenpox, which killed one third of Europe,
killed millions of Native Americans whose immune systems did
not recognize this factor. By the 19" century, one in two Native
Americans died of diseases derived from Europe (14).

In the 16™ century, the epidemic disaster caused by the occurrence
of several different diseases such as smallpox (“Cocoliztli” in
Aztec) measles and diphtheria, which was carried here by the
Spanish from Europe in Mexico, is referred to as “cocoliztli
outbreaks”. Cocoliztli outbreaks occurred 3 times between 1520
and 1576. Today, it is estimated that the outbreaks claimed to
be caused by salmonella bacteria killed nearly 25 million people.
This epidemic is thought to have spread from Mexico, from
Venezuela to Canada. When the World Health Organization
(WHO) launched a campaign for the eradication of smallpox in
1967, it was estimated that there were 10-15 million smallpox
cases and 2 million deaths in the world that year. The last case
was reported in Somalia in 1977. Smallpox was declared to
eradicate in 1980 (15-17).

There have been seven major cholera outbreaks in our history,
but the deadliest of these was the third cholera epidemic that
occurred between 1852-1860. The main cause of cholera was
human feces-contaminated drinking water, but it was understood
in the third epidemic. After that, the importance of the boiling
of drinking water was suggested. India, where the Ganges river,
one of the dirtiest rivers in the world, has been the most affected
country. The epidemic spread from India to Afghanistan, Russia,
from there to Europe and Africa, and finally to America. The
seven cholera epidemics, in which millions of people died, were
seen as severe diarrhea (18,19).

After the Justinian Plague and the Black Plague, the Third
Plague epidemic, which occurred in 1855-1859, whose origin
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was the Chinese Yunnan province, caused the death of more
than 12 million people all over the world. The epidemic, whose
effects have continued for a century, was carried to the American
continent by rats from the far east. At that time, scientists not
only found the factors of diseases, but also began to be successful
in drug treatments (20). As a result of a visit to Australia after Fiji
passed to the British Empire, they brought the disease back to
their islands and in 1875, 40 thousand people of whom was the
1/3 of the Fiji population, were lost in the Fiji Measles pandemic
(21).

During the First World War between 1914-1918, the typhus
epidemic caused by lice carrying typhus bacteria also caused 25
million people in Europe and Asia to become ill, and nearly 3
million people died especially in the Soviet Union countries.
While Western countries took precautions against lice and
protected themselves, it was seen that many people lost their lives
because the Eastern countries failed to do so (22,23).

The Russian flu, which started in 1889 and spread rapidly all
over the world, killed 1 million people. It spread from Russia
to Europe, from there to America, Australia and Africa. The
most important factor in the spread of the epidemic was the
railways between Europe and Russia (24). By 1918, the Spanish
Flu epidemic caused by the HIN1 influenza virus, which would
continue for two years, infected 500 million people in the years
following the First World War, causing the death of 50 to 100
million people. The data obtained showed that this number is
much more than the number of people who died in war. Although
many countries were affected, the most casualties were in India
with approximately 18 million deaths. Young age groups were
the most affected group in this epidemic. This epidemic, which
has affected the whole world, brought to mind today’s measures
with features such as the use of masks, gargling with salt water
and drawing attention to vitamin C consumption. In addition,
this epidemic created the need for an international fight against
diseases affecting the whole world, and in 1919, today’s WHO
was established in Vienna, Austria (25-28).

Flu caused by influenza virus (H2N2) appears again as the Asian
flu in 1957. Nearly 4 million people died in Asian Flu, which
was first seen in Singapore and is estimated to be transmitted
to humans by mutation in ducks. The epidemic was stopped
with the vaccine found, and within the ten-year Asian flu
disappeared in 1968. Asian Flu located in history as one of the
most important examples demonstrating the importance and
the effect of vaccination (26,29). The cause of the Hong Kong
Flu, which killed 1 million people in 1968, was identified as the
H3N2 type of Influenza A virus. Babies and the elderly were the
most affected by this epidemic, which is a contagious respiratory
disease (30).

In the middle of the 20" century, human immunodefiency
virus (HIV), which attacks the immune system, especially
CD4 T-cells, passed from monkeys to humans, was first seen in
Congo in 1959; however, the definitive diagnosis was made in
the 1980s (31). According to the United Nations Joint Program
on HIV/AIDS (UNAIDS) 2019 report; Since the beginning of
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the HIV epidemic in the world, 74.9 million people have been
infected with HIV, and 32 million have died from AIDS-related
diseases (32). This epidemic spreading by blood and sexually,
which was stigmatized due to the fact that the first cases were
homosexual, was brought under control after the discovery of
effective antivirals. With strong protection programs and raising
public awareness was also effective in bringing it under control.
Although it was in the status of fatal diseases when the first
epidemic broke oug, it is now in the status of chronic diseases
that can be controlled with lifelong drug therapy. Although
effective vaccine studies continue to date, no effective vaccine

has yet been found (33,34).

The HIN1 Swine Flu epidemic, which started to spread in April
2009, was first seen in Mexico and spread to America and later
to 212 countries. WHO announced the start of the pandemic
on June 11, 2009. Most deaths from this outbreak occurred in
Africa and Southeast Asia. WHO announced that approximately
284 thousand people died and ended on 10 August 2010. The
effective antivirals and vaccines take place in ending the epidemic

quickly (35).

Until the 2000s, coronaviruses (HCoV-229 E, HCoV-043,
HCoV-NL63, HKU1-CoV) were generally known as the agents
that cause upper respiratory tract infections in children (36).
In the 2000s, it started to be a problem and cause epidemics as
zoonoses. The first serious coronavirus outbreak was the SARS-
CoV that started in China in 2002, thought to be caused by
bats. The one-year epidemic spread to 29 countries, with 8,096
infected people and 774 deaths. The most striking aspect of
this epidemic was early warning. WHO became aware of it in
March 2003, and the epidemic stopped in July 2003 (37,38).
By 2012, another coronavirus outbreak, MERS-CoV, started
in Saudi Arabia. The factor, which was found to be transmitted
to humans through bats and camels, spread to 27 countries. It
was detected in 2,494 patients and 858 of these patients died.
Although it is rarely seen today, cases still continue. Although
these two coronaviruses have been brought under control,
effective antivirals and vaccines have not yet been found (39,40).

By 2019, it is estimated that coronaviruses reappear as a new
type of coronavirus in Wuhan, China, in November, when the
incubation period was taken into account. After the incubation
period, following the first case of atypical pneumonia on 11
December 2019, 3 more cases were admitted to the hospitals on
17 December 2019. On December 31, 2019, 27 cases of atypical
pneumonia reported, most of them working at a seafood and
livestock market in Wuhan. As a result of examining the samples
taken from the patients, on January 7, it was understood that the
virus causing the disease was from the beta coronavirus family, and
the virus was named as new coronavirus-2019 (nCoV-2019) (41).
It has been reported that the nCoV-2019 genome is 70% similar
to the SARS-CoV The nCoV has been officially named as SARS-
CoV-2, and the name of the disease it causes has been designated
COVID-19 (42,43). Cases have been reported in 216 countries
around the world. As of June 2020, more than 10 million
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cases and over 500 thousand deaths have been reported. In our
country, cases are exceeded 200 thousand and the deaths are over

5,000 (44).

Result

We must always be wary of microorganisms with which we share
the world, whose history is older than us. When we look at our
past, we see that they cause epidemics with many losses. Each
epidemic lead human to new searches and prepares the next with
the measures taken. New searches involving drug and vaccine
studies sometimes result in positive results, such as the elimination
of smallpox with vaccination, and sometimes negative results,
like HIV, which takes years and still cannot be obtained from
vaccination studies. While these searches continue, sometimes
the microorganism loses its virulence and ends the epidemic
itself, and sometimes they have resistance against the effective
treatment developed, or the microorganism mutates. Regardless
of the condition, as long as human beings live, it is as clear as the
day that they will come face to face with these microorganisms,
and the thing to do is to know the principles of protection from
infectious diseases. We see that the ways of protection have
not changed much from Ibn-i Sina’s “El Kanun fi't Tib” book
to today. These recommendations consist of personal hygiene,
distance and stress-free life.
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ABSTRACT

Several repurposing drugs and ongoing vaccine researches to
combat Coronavirus Disease-19 (COVID-19) are testing clinically,
worldwide. COVID-19 caused by severe acute respiratory failure
syndrome-CoV-2, uses angiotensin-converting enzyme 2 (ACE-
2) as a functional receptor for entry into the cells, followed by its
priming by transmembrane protease serine 2 (TMPRSS2). Most of
the ACE-2 expressing cells are alveolar type IT pneumocytes. Viral
S-glycoprotein, TMPRSS2 and ACE-2 inhibition, as extracellular
media components, are potential targets of future therapy. ACE-
2 and/or TMPRSS2 blockade is thought to be beneficial in the
prevention or treating of this infection which will be the most
convenient for pharmacoeconomics and effectiveness, regarding
similar future pandemics. Despite substrate-based design and
synthesis of ACE-2 inhibitor compounds were presented almost
two decades ago, data on renin angiotensin system activation or
its blockers, especially ACE-2, are limited by now. Priority must
be given to design a convenient vaccine soon, but due to the high
mutation ability of such viruses mean that new vaccines may need
to be developed for each outbreak. So, de novo drugs such as ACE-2
or TMPRSS2 blockers need to be developed which can specifically
block spike binding sites of the target cells and prevent virus
intrusion, especially at the extracellular media, for future pandemics.

Keywords: ACE-2, COVID-19, SARS-CoV-2, RAAS, TMPRSS2,

coronavirus

oz

Baska endikasyonlar icin ruhsatlandirilmis bircok ilag ve agt
aragtirmalari, Koronaviriis Hastaligi-19 (COVID-19) ile savasta tiim
diinyada klinik olarak denenmektedir. COVID-19’a yol agan agir
akut solunum yolu yetersizligi sendromu, transmembranal proteaz
serin 2 (TMPRSS2) tarafindan hazirlandiktan sonra, hiicrelere giris
icin fonksiyonel reseptor olarak anjiyotensin déniistiiriicii enzim 2’yi
(ACE-2) kullanir. En fazla ACE-2 eksprese edilen hiicreler; alveoler
tip 2 pndmositlerdir. Gelecekteki tedavilerin potansiyel hedefleri,
ekstraselliiler ortam bilegenleri olarak; viral S-glikoprotein, TMPRSS2
ve ACE-2 enzimlerinin inhibisyonu olarak 6n plana ¢ikmaktadir.
[leride karsilasilabilecek benzer pandemiler goz éniine alindiginda,
enfeksiyonlarin  profilaksisi veya tedavisinde farmakoekonomik
kriterler ve etkililik agisindan en uygun olarak, ACE-2 ve/veya
TMPRSS2 blokajinin faydali olabilecegi diisiiniilmektedir. ACE-
2 inhibitorlerinin substrat bazli tasarim ve sentezleri yaklagik yirmi
yil 6nce tanimlanmis olmasina ragmen, renin anjiyotensin sistemi
aktivasyonu veya inhibisyonunun ve ozellikle de ACE-2 ile ilgili
simdiye kadar elde edilen veriler oldukea yetersizdir. Bu tip salginlara
iliskin oncelik; uygun ast tasarlanmasi ve gelistirilmesi olmakla
beraber, bu ve benzer viriislerin yiiksek mutasyon kapasiteleri
sebebiyle, her salgin icin yeni agt gelistirilmesi gerekliligi asikardir.
Gelecekte ortaya ¢ikmast muhtemel pandemiler icin, viriisiin hedef
hiicreye girisini saglayan dikensi ¢ikintilarin (spike) baglandigi ACE-
2 ve TMPRSS2 enzimlerini &zgiin sekilde bloke eden ve dzellikle
ckstraselliiler ortamda etki géstererek, viriisiin hiicre icerisine girisini
dnleyebilecek de novo ilaglarin gelistirilmesi gereklidir.
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Introduction

Coronavirus Disease-19 (COVID-19) pandemic caused by
coronavirus SARS-CoV-2 uses the Angiotensin-converting
enzyme 2 (ACE-2) as a functional receptor for entry into the
cells and transmembrane protease serine 2 (TMPRSS2) for
S protein priming (1). The receptor binding domain of severe
acute respiratory failure syndrome-CoV-2 (SARS-CoV-2) has
a higher affinity for ACE-2, compared with SARS-CoV with
the receptor binding domains of these two coronaviruses share
72% amino acid sequence identity (2). It was demonstrated
that 83% of ACE-2 expressing cells were alveolar epithelial type
IT and those types of cells serve as a reservoir for viral invasion
(3). A minority of ACE-2 expressing cells are distributed in the
intestine, endothelium, kidney, heart, etc. It is still a mystery that
multi-organ invasion of SARS-CoV-2 infection unless viremia
could be attributed to it, or not?

This study aims to provide a comprehensive view on COVID-19
and the future expectations to design effective therapeutics
and control virus progression. Since effective prophylactics
or therapeutics are not available, the development of vaccines
and drugs for treatment and prevention of COVID-19 is
the matter of emergency. Despite the priority given to the
development of SARS-CoV-2 vaccine, new vaccines will need
to be developed due to the high mutation rates of this virus (4).
Yet, no SARS-CoV-2 therapeutics are currently available, albeit
some treatment options which await validation. This could be
counted as various antiviral drugs such as remdesivir/favipiravir,
immunomodulatory drugs of interleukin-6 (IL-6) and IL-1
antagonists, thalidomide and pirfenidone which may suppress
protective acute inflammatory responses, antimalarial drugs of
chloroquine, hydroxychloroquine and mefloquine, N-acetyl
cysteine which is used to treat human immunodeficiency virus
(HIV) and chronic obstructive pulmonary disease, sphingosine
1 phosphate receptor modulator which is approved for the
treatment of multiple sclerosis, serine protease inhibitor of
camostate mesylate, a low dose of corticosteroids and even some
traditional compounds such as cepharanthine.

ACE and ACE-2, serve contrast physiological functions. ACE
catalyzes angiotensin I to generate angiotensin II, which binds to
and activates angiotensin II receptor type I (AT'1R) and constricts
blood vessels. ACE-2 inactivates angiotensin II while generating
angiotensin 1-7, a heptapeptide having a potent vasodilator
function via activation of its MAS receptors (5), as well as
the production of nitric oxide and vasodilator prostaglandins
(Figure 1). The S-glycoprotein on the surface of coronavirus
binds to ACE-2. This leads to a conformational change in the
S-glycoprotein and allows proteolytic digestion by host cell
proteases (TMPRSS2) ultimately leading to internalization
of the virion. Viral S-glycoprotein, TMPRSS2 and ACE-2
inhibition are potential targets of therapy and possible vaccine
development (1).

As far as COVID-19 infection is concerned, the data on renin
angiotensin system activation or its blockers on the present
infection are limited at present. As ACE-2 is the binding site
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for SARS-CoV-2, its blockade is thought to be beneficial in
preventing or treating this infection (6). A retrospective analysis
showed reduced rates of death and endotracheal intubation
in patients with viral pneumonia who were continued on
administration of ACE inhibitors (7). On the other hand, AT1R
inhibitors [Angiotensin II Receptor Blockers (ARB’)] and
angiotensin converting enzyme inhibitors (ACEls) are warned
of possibly harmful effect due to the increased viral entry into
cells en since increased ACE-2 activity might increase viral entry
into cells. Also, it was speculated that increased ACE-2 activity
could induce conversion of angiotensin II to angiotensin-(1-7), a
peptide with potentially protective anti-inflammatory properties
(8). It is unclear whether an increasing anti-inflammatory activity
is harmful or not in COVID-19 (9). Both ACEi and ARBs were
reported to substantially increase ACE-2 activity in cardiac
myocytes over one to two weeks in Lewis Rats (10). Olmesartan,
an AT1R blocker, when chronically intake for more than one
year, found to increase urinary ACE-2 level, which could
potentially offer additional renoprotective effects in human (11).
Other AT1R antagonist of losartan and olmesartan were shown
to increase cardiac ACE-2 expression about three-fold following
chronic treatment (28 days) after myocardial infarction induced
by coronary artery ligation of rats (12). Conversely, mice with
coronavirus induced lung injury showed improvement when
treated with an angiotensin receptor blocker, losartan (13). In
another study, losartan was shown to upregulate renal ACE-2
expression in chronically treated rats, for more than one year
(14). According to the data, mostly obtained from animal models
as well as a limited number of human retrospective studies
speculate that the treatment with ACE inhibitors and ARB’s
could cause upregulation of ACE-2 (15). Moreover, Ibuprofen
(A non steroidal anti inflammatory drug) and thiazolidinediones
(an oral antidiabetic drug group) have also been claimed to do
the same (16). Increased expression of ACE-2 speculated to
increase the risk of infection with SARS CoV-2, caused serious
hesitations in people with hypertension or diabetes who are at
already elevated risk of infections. However, there is not enough
evidence to support this yet. According to timelines of a basic
biological process which were compared in human versus rats
and they were found as; 2.5-84 fold faster in rats. Moreover,
in the aged phase, one human year was reported to equal 17.1
rat days (17). Thus, it may speculate the upregulation of tissue
ACE-2 levels due to the intake of ACEi or ARB’s requisite to
take a much longer period for human, in respect to laboratory
animals. On the other hand, if those drugs cause such fold ACE-
2 expression following chronic treatment, it was expected to
the increased conversion of angiotensin II to angiotensin-(1-7),
stronger vasodilatation and some other protective effects due to
the extensive MAS receptors stimulation, but not. Conversely,
the doses of ACE inhibitors or ARB’s need to be increased
in years to reach the same clinical response, in hypertension
patients. Moreover, in a retrospective analysis of 112 COVID-19
hospitalized patients with cardiovascular disease in Wuhan-
China, no significant difference was found in the proportion
of ACEi/ARB medication between non-survivors and survivors
(18). So, ACEi/ARB use probably does not affect the morbidity
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and mortality of COVID-19 combined with cardiovascular
diseases, though more comprehensive retrospective data are
needed. Experimental results obtained from laboratory animals
cannot be regarded as a criterion for human.

Beyond the testing repurposing drugs on COVID-19 prophylaxis
and treatmentwhich are listed above, spike-protein based vaccines,
TMPRSS?2 inhibition by the administration of the compounds
such as nafamostat mesylate and bromhexine hydrochloride,
delivering the soluble form of recombinant human ACE-2 which
could competitively bind and neutralize the virus, as well as may
rescue membranal ACE-2 enzyme, should carry on priority
(Figure 2). For SARS-CoV, IC, value for camostate mesylate
was found as; 0.68 nM, while for SARS-CoV-2, bromhexine’s
IC,, value was determined as; 0.75 uM and in pulmonary and
bronchial epithelial cells, it may reach concentrations of 4 to
6-fold higher than those found in the plasma (19). Also, gabexate
and nafamostat mesylate were studied and the latter one reported
to inhibit SARS-CoV-2 S-mediated entry into host cells with
roughly 15-fold-higher efficiency than camostat mesylate, with
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’ Renin

Renin inhibitor
(Aliskiren)

ACE

an EC, in the low nanomolar range (20). Also, a new generation
of TMPRSS2 inhibitor molecules was presented recently with
their docking scores (21).

Furin, which is mainly located in lysosomes, is activated by
endo-lysosomal acidification and is also taking action in the
pathogenesis of some viral infections such as HIV and other
coronaviruses, where it cleaves viral enveloping proteins and
permeating viral functionality (22). It exerts its action in
intracellular, as well as extracellular compartments, which means
it exists also as a circulating enzyme (23). Furin inhibitors were
reported to block extracellular anchoring activity (cleavage site at
the junction between the S1/S2 subunits), but not intracellular
processes of viruses (24), which proves the primary tools to
combat with SARS-CoV-2 has to be mainly at the extracellular
matrix. That's why blockade of another important endo-lysosomal
enzyme of cathepsine-L by potent and selective molecules such
as; SID 26681509 seems not as important as the other molecules
mentioned in that text, as first line drug development priorities
(Figure 1).
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Another promising group for de novo drug development is ACE-
2 enzyme inhibitors, which could be very convenient for cost-
effectiveness and potency, regarding similar future outbreaks.
Substrate based design and synthesis of ACE-2 inhibitor

NH,

Figure 2. Chemical structure of some transmembrane
protease serine 2 (TMPRSS2) inhibitors (a: Nafamostat
mesylate, b: Bromhexine hydrochloride)

compounds were firstly introduced in 2002 and that catalytic
activity of ACE-2 was found to be not able to suppress by ACE
inhibitors because of ACE is a peptidyl dipeptidase while ACE-2
is a carboxypeptidase (25). A few years ago, a new generation of
ACE?2 inhibitors such as MLN-4760, VE-607, N-2195, DX-600,
G-3050, etc. was presented, as still in ongoing preclinical trials
(26) (Figure 3). During the acute respiratory distress syndrome,
not only ACE/ACE-2 ratio was found to be reduced, but also it
could be reported to prevent by angiotensin-(1-7) or angiotensin
receptor blockers (27). SARS virus spike protein binding site is
located in a different region (suggesting that sequences between
amino acids 766 and 771 are required for the insertion of ACE-
2 into the plasma membrane) from which is required for the
enzymatic function of ACE-2 (28). The successful prevention
of the virus cleavage by the new generation of ACE-2 inhibitors
is still a matter of doubt. However, due to the importance of
ACE-2 in COVID-19, beyond the synthesis of soluble ACE-
2, the development of inhibitors mimicking the S-interaction
domain in ACE-2 could be employed as a first line therapy for
future pandemics. Another major attack of coronavirus which
is expected within the next decade, could be more severe than
the current one. Therefore, effective therapeutics should be
developed based on the already obtained clinical and research
information about SARS-CoV-2. The aim of this review was to
summarize the possible future preventive and treatment options
of coronavirus acquired during this SARS-CoV-2 outbreak.
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Drug Repurposing in the Treatment of COVID-19

COVID-19 Tedavisinde ila¢ Yeniden Konumlandirma

® Mehmet SOYLU, ® Emine Nur OZBEK, ® Giinay YETIK ANACAK

Ege University Faculty of Pharmacy, Department of Pharmacology, [zmir, Turkey

ABSTRACT

The use of drugs that have been previously defined for certain
indications in new indications is defined as the repurposing/
repositioning of the drug. The requirement of all clinical research
steps that starts from healthy volunteers, due to the slowness of
new drug discovery, longer time to reach the market, and high
cost to develop a new drug, make drug repurposing an attractive
pharmacoeconomic solution. Repositioning of drugs becomes even
more important, especially in situations where time is vital and
emergency in drug development such as pandemics. In this review,
we have both summarized the techniques used for drug repositioning
and evaluated drugs that have been repositioned in Coronavirus
Disease (COVID-19) treatment based on three main strategies,
target-disease and drug-based. Considering the availability of the
results of pharmacovigilance studies and long-term toxic effects of
old drugs provide an important advantage compared to traditional
drug discovery in COVID-19 treatment, where sepsis and multi-
organ dysfunction can occur.

Keywords: COVID-19, drug repositioning, computer-based
approaches

Introduction

Pneumonia cases of unknown cause were started to be reported in
China on December 31, 2019. A new coronavirus (CoV) severe
acute respiratory syndrome CoV-2 (SARS-CoV-2) was identified
as the cause of these cases on January 7, 2020. Due to the spread

Oz

Daha 6nce belirli endikasyonlar icin tanimlanmis olan ilaglarin
yeni endikasyonlarda kullanimlari ilacin yeniden amaclandirilmasi/
yeniden konumlandirilmast olarak tanimlanmaktadir. Yeni ilag
gelistirmek icin gereken saglikli goniillilerden baglayan tiim
klinik aragtirma adimlari, bunlara bagls ilag kesfinin yavas ve ilacin
piyasaya ulasma siiresinin uzun olmast ve dolayisiyla da yiiksek
maliyet nedeniyle, yeni ilag kesfi yerine eski ilaglarin yeniden
konumlandirilmast farmakoekonomik bir ¢oziim olarak ortaya
cikmaktadir. Ozellikle zamanin hayati 6nem tagidigr ve acil ilag
gelistirilmesi gereken pandemi gibi durumlarda ilaglarin yeniden
degerlendirilmesi daha da onem kazanmaktadir. Bu derlemede
hem ilacin yeniden konumlandirilmast i¢in kullanilan teknikleri
ozetledik, hem de hedef hastalik ve ilag temelli olmak iizere 3
ana stratejiye baglt olarak Koronaviriis Hastaligi-19 (COVID-19)
tedavisinde yeniden konumlandirilan ilaglart  degerlendirdik.
Eski ilaglarin farmakovijilans calismalarinin sonuglart ve uzun
vadedeki toksik etkiler dahil goriilebilecek yan etkilerin bilinmesi
nedeniyle sepsis ve coklu organ yetmezligine gidebilen COVID-19
enfeksiyonunun tedavisinde kullanilacak ilaglarin kesfinde ilaglarin
yeniden konumlandirilmast yontemi geleneksel ilag kesfine kiyasla
6nemli bir Gstiinlitk olarak ortaya ¢tkmaktadir

Anahtar Sézciikler: COVID-19, ilag yeniden konumlandirma,
bilgisayar temelli yaklagimlar

of the virus worldwide, it was declared a global epidemic by the
World Health Organization on March 11, 2020. The SARS-
CoV-2 virus, which is estimated to be transmitted to humans from
the seafood and “wet” animal market in Wuhan city, has stick-like
protrusions on its surface. CoV, the enveloped RNA virus, whose
name is also given based on these protrusions, are single-stranded
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and positive polarity (1). CoV cause a wide variety of clinical
pictures in humans, ranging from the common cold to SARS,
and in severe cases, kidney failure or even death. Considering the
high mortality rates caused by SARS-CoV-2 and the spread rate
of the virus, it is important to develop drugs against this disease
quickly.

Development of a drug depends on successful steps following
the identification of the target, including literature research for
the precursor compound, preclinical studies, phase (I-II-IIT)
studies, approval, and phase IV studies. This process takes a
long period of about 15-20 years. Moreover, due to the failures
that can be seen in the phase studies of the drug molecule, the
efficiency of drug development in the traditional method is low.
In order to reduce the cost of synthesis and screening of drug
molecules and to shorten the duration, it is necessary to resort
to the drug repositioning method, which is defined as the use
of available licensed drugs in drug design and development for
new therapeutic purposes (2). This method, known as drug
repositioning, drug repurposing, drug rescuing, therapeutic
switching, drug reprofiling, drug indication expansion, drug
indication shift, and drug retasking, is a strategy for defining
a new indication to an existing drug or drug molecules under
study other than the original medical indication. Acetylsalicylic
acid, thalidomide, sildenafil, and minoxidil are the best known
examples of repositioned drugs from past to present (3).

Since the efficacy, safety, toxicity, and clinical effect information
of the approved drugs are already available, their safety has been
tested in early studies, and their pharmacology and formulations
are known, the introduction of these drugs in a new indication
within the scope of repositioning is rapid. One of its most
important advantages is the low failure risk. Also, the ability
to reduce the required clinical trial steps reduces the time and
cost of the drug to reach the market. Due to these advantages,
the drug repositioning strategy is one of the most powerful
methods in developing drugs for the treatment of diseases such
as COVID-19, which is considered as a global epidemic that
causes the death of many people by spreading rapidly and affects
the whole world negatively. However, despite all its advantages,
drug repositioning has some difficulties. First, the dose required
to treat the new disease may differ from the disease in the original
indication, and in this case, omission of phase I clinical trials,
one of its advantages against de novo drug development, is not
possible. Second, when new formulations and new distribution
mechanisms of existing drugs are in question in new and specific
diseases, seldom it is required to perform pharmaceutical and
toxicological studies again. Third, patent rights issues can
become much more complex due to the lack of legal expertise in
drug repositioning (4).

Techniques Used in Drug Repositioning

Chemical Structure-based Methods

Molecular docking is a target-based approach that allows us
to model the behavior of two interacting molecules (protein/
ligand, protein/protein) at the atomic level and elucidate the

basic bonding mechanisms. This approach uses 3D models of
the target and candidate ligand. The basic steps of the molecular
docking process are: 1- Creating the 3D structure of the target
and ligands, 2- Placing the ligand in the target’s binding site, and
3- Calculating the binding affinity. The last step is to score how
strong the interaction between the target and the ligand is (5).
Various computer softwares are available to perform these basic
steps.

In molecular docking studies, virtual screening of large structural
libraries containing chemical formulas of existing drugs and/
or drug candidate compounds is performed, and interactions
between a molecular target of interest and candidate compounds
are evaluated. Virtual scanning provides time and cost
advantages; because it eliminates the need to purchase hundreds
of compounds to synthesize new molecules. The combination of
virtual scanning and drug repositioning methods gives promising
results in drug development studies. For example, by scanning
protein databases, the antiparasitic drug mebendazole was also
shown to be a vascular endothelial growth factor receptor 2
inhibitor by the molecular coupling method (6). Although
molecular docking is a very popular and widely used approach, it
also has several limitations. The 3D structure of the target must
be present before molecular coupling can be used. In the absence
of this data, homology modeling can be performed for the target,
but in this case, the obtained structure of the target may not be
exactly the same as the reality. In addition, molecular docking
studies can become inefficient due to lengthy calculations in
large-scale analyzes (7).

Ligand-based Methods

Ligand-based methods include pharmacophore modeling,
quantitative structure-activity relationship (QSAR), and reverse
docking methods. These approaches are based on the idea that
structurally similar compounds can exhibit similar biological

properties (7).

The pharmacophore modeling method is applied to analyze the
target’s binding pocket or compounds known to interact with
the target of interest. A list of available compounds is then made,
and candidate compounds are compared with a scoring system
and the pharmacophore model to find compounds similar to
the pharmacophore model (8). Pharmacophore based drug
repurposing yields results with higher accuracy than molecular
docking and is considered computationally less demanding.
However, only a very small fraction of the virtual results obtained
as a result of pharmacophore modeling contain real bioactive
compounds. Therefore, optimization and validation become
even more important.

Quantitative QSAR methods use the relationship and interactions
between the target protein and the ligand, and these interactions
play key roles in analyzing the properties of drugs. QSAR models
are based on the principle that molecules with similar structures
show similar biological activity. It also uses statistical methods
to associate drug-target interactions with different molecular
properties. Sufficient data is needed to allow the extraction of
necessary features to apply this approach. The main difference
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between the pharmacophore model and QSAR methods is that
the pharmacophore model is based only on the basic properties
of aligand, while in QSAR methods, both the essential properties
of the ligand and the properties related to the activity between
the ligand and the target are taken into account (9).

In the reverse docking method, the library of clinically proven
targets within the scope of repositioning drugs is screened
for a single ligand in order to expand the indications of the
compounds. Based on a specific scoring system, the result of this
screening is taken as a list of goals. According to this list, the
highest-scoring targets may be used for drug repurposing because
the highest scoring targets have a higher potential to bind to the
specific ligand (10).

In order to apply the reverse docking method within the scope
of drug repurposing, information about the potential ligand-
binding sites as well as the structural library of target proteins
is required (11). In the absence of this information, various
computer programs can be used to predict the ligand-binding
sites, but the sensitivity of the results will be questionable (12).
The ligand must be an approved drug or an experimental or
research drug, and this information must be obtained from
databases such as DrugBank, National Institutes of Health
(NIH) Chemical Genomics Center Pharmaceutical Collection,
and Chemical Database of Bioactive Molecules. Databases
such as Potential Drug Target Database are available for reverse

docking (13).

Methods Based on Bioinformatics Data
Transcriptomic Based Drug Repositioning

Rapid advances in genomics have allowed the acquisition of
large-scale genomic and transcriptomic data both in healthy
humans and animal tissue/cell samples and in a variety of diseases
or disease models. Based on the transcriptomic data containing
the list of genes whose expression level decreased or increased in
biological samples obtained from healthy and sick individuals
under different experimental conditions, whether drug therapy
changes the expression profiles of the evaluated genes could be
determined (14). This approach to using transcriptomic data
available for drug repurposing has been used successfully in many
cases and has given promising results. For example, Okada et al.
(15) scanned gene loci that may be associated with rheumatoid
arthritis and identified existing drugs associated with genes in
this region. This development has revealed the potential of these
drugs to be repositioned for rheumatoid arthritis (15).

Genetic Variation Based Drug Repositioning

Genome-wide association studies (GWAS) are a new approach
that involves the rapid screening of all DNA sequences of many
people to find genetic variations associated with a particular
disease. Researchers use this data to identify genes associated
with a particular disease trait and to investigate how these
variations affect drug responses. GWAS can detect thousands of
single nucleotide polymorphisms simultaneously, and this data
source is used to make associations about complex diseases such
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as Alzheimer’s disease and multiple sclerosis. GWAS can detect
gene-disease relationships that are valuable within the scope
of drug repurposing and can bring new indications to existing
drugs (16). By combining existing data of 7,000 genes and
2,500 diseases, Nelson et al. (17) revealed 16,000 disease-gene
relationships and 19,000 drug targets-disease relationships and
showed that selecting genetic targets can double the success rates
of clinical drug development programs.

Literature Mining Based Drug Repositioning

Today, information has spread to many different journals,
databases, or scientific platforms, and the network is expanding
day by day. Literature mining is used to identify and connect
many seemingly unrelated indirect links and relationships of
available scientific literature. It is possible to discover drugs
and identify new drug indications by using all available and
accessible literature with the help of computerized literature-
based approaches (18). In this method, based on a large scientific
literature, the links between relevant data are analyzed to identify
and describe the basic molecular mechanisms of a disease.

One of the sensitive points of literature-based drug discovery and
repositioning is the selection of appropriate information sources.
Information about abstracts, publications, gene and disease
interactions, and protein-protein interactions in Pubmed, which
is a very rich database in life sciences and biomedical fields, is
frequently used in drug repurposing studies.

Drug Repositioning Strategies and COVID Treatment

Drug repositioning using the techniques reported above is
possible with three different strategies as target-based, disease-
based, or drug-based (19). Drugs that have the potential to be re-
evaluated using these approaches in the treatment of COVID-19
are listed below.

Target Based Approach

In the target-based approach relationship between a drug molecule
and protein interactions is examined. In this approach, defining
the use of a drug in a new indication depends on a well-defined
goal. In drug research and development studies for COVID-19
in line with the target-based approach, angiotensin-converting
enzyme 2, Spike protein, Transmembrane Serine Protease 2
(TMPRSS2), severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) main protease (Mpro) also known as 3C-like
protease (3-chymotrypsin-like protease or 3CLpro), papain-
like protease (PLpro), ribonucleic acid (RNA)-bound RNA
polymerase (RdRp), E protein, and Helicase were determined
as target proteins. The cluster of differentiation 147 (CD147)
receptor has also been identified as a therapeutic target (20,21).

Approaches Targeting the ACE2 Enzyme

SARS-CoV-2 was shown to perform membrane fusion by
attaching to ACE2 through the receptor binding site of spike
proteins and thus can enter the human cell (22). A study used
a library of antiviral compounds, including 2,924 molecules in
the ZINC database and 78 commonly used antiviral drugs in
the market, for target-based analysis. These libraries included
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those subjected to clinical trials for SARS-CoV-2, and whether
the target was screened among the targets mediating the possible
effects of these candidate drugs was investigated. As a result of
this screening, 22 molecules used as drugs were also found to
have ACE-2 enzyme inhibition potential. These were foscarnet,
estradiol benzoate, thalidomide, troglitazone, cefamandol,
losartan, benzylpenicilloyl G, ergotamine, methotrexate,
cefmenoxim, carboprost, gadobenate dimeglumine, trandolapril,
folinicacid, tranilast, meclizin, ziprasidon, dicumarol, riboflavine-
5-phosphate, silibinin, carmine, and cinnarizine (23).

Approaches Targeting Spike Protein of the SARS-CoV-2 Virus

REGN-3051 and REGN-3048 are monoclonal antibodies
targeting the spike protein of the MERS-CoV virus. Based on
the antigenic site similarities between MERS-CoV and SARS-
CoV-2, it is thought that these monoclonal antibodies may have
the potential to target SARS-CoV-2. The phase 1 clinical study
(NCT03301090) with these monoclonal antibodies has been
completed.

In the study conducted by Wu et al. (23), 29 molecules targeting
the spike protein were found as a result of target-based virtual
ligand scanning. These are azlocillin, penicillin, liothyronine,
gliclazide, telmisartan, cefsulodin, seliprolol, levodopa,
sorafenib, posaconazole, itraconazole, iloprost, etofilin clofibrate,
fenofibrate, sildenafile, vardenafil, dabigatran etexilate,
pioglitazon, vitamin C and { -carotene and rescinnamine (23).

In another study, 7,922 molecules from the NPC database were
screened by targeting the SARS-CoV-2 Spike protein receptor
binding site. According to this study, denopamine, bometolol,
naminterol, rotigaptid, and benzquercin molecules were
determined as potential ACE2 inhibitors (24).

Approaches Targeting TMPRSS2

SARS-CoV-2 uses TMPRSS2 to prepare spike (S) protein (25).
Camostat, previously approved for the treatment of chronic
pancreatitis and postoperative reflux esophagitis, has been shown
to inhibic TMPRSS2 via serine protease inhibition. A study
demonstrated that SARS-CoV and human coronavirus (NLG63)
infections were partially prevented by inhibiting TMPRSS2 in
HeLa cells (26). Therefore, the effectiveness of Camostat against
the SARS-CoV-2 virus is being investigated. In an in vitro study,
Camostat has been shown to significantly reduce the infection of

Calu-3 lung cells by SARS-CoV-2 (25).

In the study conducted by Wu et al. (23), 26 drug molecules
were found as potential TMPRSS2 inhibitors as a result of
target-based virtual ligand scanning. These were abacavir,
fulvestrant, pivampicillin, metacillin, montelukast,
cefoperazone, ceftazidime, fludarabin, azlocillin, ceftizoxime,
ceforanid, ethacrynic acid, cefotaxime, methotrexate, rosoxacin,
alitretinoin, azacitidine, telmisartan, olmesartan, levofloxacin,
clindamycin, trimethobenzamide, acrivastine, glibenclamide,
and tetrahydrofolic acid.

Elmezayen et al. (27) also analyzed 4,500 molecules obtained
from ChEMBL, DrugBank, and Selleckchem databases
and 30,000 molecules from ZINCI15 database by rtarget-

based scanning in another study. As a result of this analysis, 4
molecules were determined as potential TMPRSS2 inhibitors.
Of these molecules, Rubitecan is a topoisomerase inhibitor,
and Loprazolam is an anxiolytic. The other two molecules are
ZINC000015988935 and ZINC000103558522 that have the
capacity to be drugs (drug-like compounds) in the ZINCI5
database (27).

Approaches Targeting the SARS-CoV-2 Master Protease

SARS-CoV-2  Mpro also 3C-like protease
(3-chymotrypsin-like protease or 3CLpro) is involved in
activating viral proteins produced in the host cell. It performs

known as

this activation by cutting unfolded viral proteins (28).

In the study conducted by Wu et al. (23), 27 drugs were identified
as potential 3CLpro inhibitors as a result of targeted virtual
ligand scanning in the ZINC database. These were lymecycline,
chlorhexidine, famotidine,
progabid, nepafenac,
demeclocycline,

alfuzosin, cilastatin, almitrin,
carvedilol,

montelukast,

amprenavir, tigecycline,
pheneticillin,

pioglitazone,

cefpyramide,

candoxatril, nicardipine, estradiol valerate,

conivaptan, telmisartan, doxycycline and oxytetracycline,
carminic acid, mimocin, flavine mononucleotide and lutein
molecules. (23). Bagherzadeh et al. (29) screened 160 antiviral
molecules from the DrugBank database against the SARS-CoV-2
master protease target. As a result of this screening, 21 molecules
were found as potential SARS-CoV-2 major protease inhibitors.
These were antiviral drug molecules like adafosbuvir, amprenavir,
boseprevir, galidesivir,

indinavir, ritonavir, sofosbuvir, sorivudine, telaprevir, tenofovir-

asunaprevir, atazanavir, darunavir,
alafenamide, inarigivir, merimepodib, nelfinavir, remdesivir,
taribavirin, and molecules whose phase 2 studies were completed
like L-756423 and TAS-106. This study also screened Papaine-
Like Protease target. Thus, seven molecules were found that are
potential dual inhibitors for both SARS-CoV-2 master protease
and papain-like protease. Among them, inarigivir, merimepodib,
nelfinavir, remdesivir, taribavirin, and valganciclovir are the
molecules used as drugs. TAS-106 molecule, whose phase 2
study has been completed, was also included in the list (29).

Durdagi et al. (24) found eight molecules as potential SARS-
CoV-2 main protease inhibitors. These were rotigaptid, telinavir,
ritonavir, terlakiren, cefotiam, cefpyramid pimelautide, and
pinokalant (24).

In another study, Elmezayen et al. (27) screened based on the
SARS-CoV-2 Main Protease target. As a result of this screening,
four molecules were found as potential SARS-CoV-2 Main
Protease inhibitors. These were penicillin antibiotic talampicillin
and antipsychotic lurasidone. The other two molecules in the
list were ZINCO000000702323 and ZINC000012481889
molecules, which have the capacity to be drugs (27).

Approaches Targeting Papain-like Protease

Papain-like proteinase (PLpro) is responsible for the cleavage of
the N-terminal of the Replicase poly-protein. With this cleavage,
Nspl, Nsp2, and Nsp3, which are responsible for regulating
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virus replication, are released. It has also been confirmed that
PLpro is responsible for antagonizing the innate immunity of

the host (30).

As a result of target-based virtual ligand scanning Wu et al.
(23) found that 29 drugs could be potent papain-like protease
inhibitors. These were ribavirin, valganciclovir, thymidine,
oxprenol, doxycycline, acetophenazine, lopromid, riboflavin,

reproterol,  chloramphenicol,  chlorphenecin  carbamate,
levodropropizine,  sefamandol,  floxuridine,  tigecycline,
pemetrexed, ademethyldilazine, ~masoproxol, isotretinoin,
dantrolene, nicardipine, sildenafile sulphasalazine, silibin,

glutathione, hesperetin; L (+) - ascorbic acid, aspartame and
finally 2.2’-cyclotidine molecules (23).

Bagherzadehetal. (29) also found 21 potential inhibitor molecules
in their screening study for a papain-like protease target. These
were drugs such as penciclovir, lopinavir, maribavir, ribavirin,
vidarabin and zanamivir, inarigivir, merimepodib, elsulfavirin,
faldaprevir, nelfinavir, remdesivir,
valganciclovir, acid, GS-6620, cytarabine drugs
2-phase deoxyglucose and TAS-106 molecule whose phase-2
study has been completed. In addition, the 5-guanylmethylene
bisphosphonate molecule used in experimental studies is also on

the list (29).

famciclovir, taribavirin,

ascorbic

Approaches Targeting RNA Dependent Rna Polymerase

Nspl2, a protein conserved in the coronavirus, is an (RNA)-
dependent RNA polymerase (RdRp) and is the vital enzyme of
the coronavirus replication/transcription complex (31).

In the study conducted by Wu et al. (23), 20 molecules were
identified as potential RdRp inhibitors among drug molecules
as a result of target-based virtual ligand screening. These wee
valganciclovir, chlorhexidine, ceftibuten, fenoterol, fludarabine,
itraconazole, cefuroxime, atovaquone, chromoline, pancuronium
bromide, cortisone, tibolone, novobiosin, idarubicin,
bromocriptine, diphenoxylate, benzylpenisylloil G polylysine,

dabigatran etexilat, chenodeoxycholic acid, and syllibinin (23).
Approaches Targeting the E Protein

E protein (E-channel) has important biological functions for the
structural integrity of coronavirus and host virulence. E (Envelope)
protein forms the viral envelope. Wu et al. (23) identified 23
potential inhibitor molecules as a result of virtual ligand screening
based on the E protein target. These were ritonavir, amprenavir,
atazanavir, valrubicin, montelucast, candesartan, sofalcon,
ceftizoxime, xipamide, piperacillin, cefpyramid, demecarium
bromide, sulfasalazine, quinapril, chlorhexidine, benzylpenicilloyl
G polylysine,

hyperforin and lutein molecules (23).

ergotamine, flusemethanethane, flushedrine,

Approaches Targeting the Helicase Protein
Helicase (Nsp13) is a multifunctional protein. The SARS-Nsp13

sequence has been reported to be a necessary component for
coronavirus replication. Therefore, it has been identified as a
target for antiviral drug discovery.
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In their target-based virtual ligand screening studies, Wu et al.
(23) found that 27 drug molecules could be potential inhibitors
of the Helicase enzyme. These were carbenicillin, olsalazine,
imipenem, vidarabin monophosphate, gadobenate dimeglumine,
benzylpenicillin, etacrinic acid, dienestrol, limexiline, tolmetin,
folinic acid, 5-aminolevulinic acid, acetylcysteine, eprosartan,
cefsulodin, saquinol, methotrexin, vitrexavine, dabigatran,
antrafenine, ceftazidime, canrenoic acid, glutathione , and

gadoteridol (23).
Approaches Targeting CD147 Receptor
The spike protein of the SARS-CoV-2 virus binds to the CD147

receptor, a receptor on target cells, thus infecting the target cell.
For this reason, the CD147 receptor has been determined as a
target in drug research and development studies for SARS-CoV-2
virus. Meplazumab, an anti-CD147 monoclonal antibody, has
been shown to be effective in the treatment of COVID-19 (20).

Disease-based Approach

In the disease-based approach, the purpose is to bring new
indications to drugs by examining the characteristics and
common profiles of different diseases. A drug may be indicated
for use in another disease with similar pathology to the pathology
of the disease for which that drug is indicated. In this context,
the disease-based approach is based on the common molecular
pathology similarity between diseases or on related diseases (19).

Antiviral Drugs

Within the scope of the disease-based drug repositioning
approach, taking into account that COVID-19 is based on an
RNA virus, antiviral drugs have been used. Antiviral therapy
is known to be beneficial when initiated earlier in the course
of the disease in both influenza and SARS (32). In line with
information obtained from SARS and Middle East Respirotary
Syndrome (MERS) outbreaks, repositioning existing antiviral
drugs to combat the current coronavirus epidemic is considered
one of the fastest ways to achieve results. Despite the urgent need
to find an effective antiviral treatment for COVID-19 through
randomized controlled trials, some agents are used worldwide,
based on in vitro or in vivo evidence or observational studies.
However, there is a need for precise clinical research data on
drugs considered to be used for safe and effective treatment of
the disease.

Remdesivir

Remdesivirisabroad-spectrumantiviralagentdeveloped by Gilead
Sciences for the treatment of Ebola RNA virus infection in 2017.
Animal studies have shown that remdesivir can effectively reduce
the viral load in the lung tissue of MERS-CoV infected mice,
improve lung function and alleviate pathological damage to lung
tissue (33). Wang et al. (22) also found that remdesivir strongly
blocks SARS-CoV-2 infection at low micromolar concentrations
(34). In the preliminary data of a clinical study conducted
with 1063 patients from 10 different countries, remdesivir
was found to be superior to placebo in shortening the recovery
time and in the treatment of lower respiratory tract infection
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in adults hospitalized with COVID-19 (NCT04280705) (35).
Many clinical trials for remdesivir are ongoing. FDA, approved
(Emergency Use Authorization) remdesivir, whose effectiveness
in COVID-19 treatment has not been absolutely demonstrated,
only as a research drug, and as an emergency drug for suspected,
laboratory-confirmed or severe COVID-19
Emergency Use Authorization. The European Medicines Agency
Human Medicinal Products Committee reviewed data on the
use of remdesivir for COVID-19 treatment on May 15, 2020,
and put forward recommendations on how to use remdesivir.

treatment as

Favipiravir

Favipiravir is a new type of RNA-dependent RNA polymerase
(RdRp) inhibitor drug, approved in 2014 for use in the treatment
of pandemic influenza virus infections in Japan (36). Favipiravir,
which is activated after being taken into the cell and is accepted
as a substrate by viral RNA polymerases, is thought to inhibit
RNA polymerase activity. China approved the effectiveness of
favipiravir in the treatment of COVID on March 17, 2020.
Phase 3 studies on favipiravir in Japan were initiated on March
31, 2020, and a Phase 2 study in America was initiated on April
9, 2020 (NCT04349241, NCT04402203, NCT04376814,
NCT04310228). Favipiravir is approved for use in the treatment
of COVID-19.

Lopinavir + Ritonavir Combination

Lopinavir is a highly specific protease inhibitor for HIV-1 and
HIV-2; ritonavir increases the plasma concentration of lopinavir
through inhibition of cytochrome P450 (37). Ritonavir +
lopinavir combination has been shown to be beneficial in patients
with SARS infection, and a randomized controlled clinical trial
was initiated in 2018 to evaluate the effect in patients with
MERS-CoV infection in combination with IFN (MIRACLE
trial; NCT02845843) (38). In a randomized, controlled, open-
label study, 199 inpatients with severe SARS-CoV-2 infection
were randomized to receive lopinavir + ritonavir and standard
care for 14 days or only standard care. According to the results
of the study, there was no significant difference between
combination therapy and standard therapy (39). However, in
another study, patients in the group in which interferon was
added to lopinavir 400 mg + ritonavir 100 mg every 12 hours
for 14 days, and alternately 3 doses x 8 million IU interferon
beta-1b or ribavirin 100 mg were shown to be more effective
at improving symptoms, reducing viral load and shortening the
length of hospital stay than the group receiving the combination
of lopinavir 400 mg and ritonavir 100 mg (40).

Umifenovir

Umifenovir is a membrane fusion inhibitor that targets viral
entry. Umifenovir has demonstrated antiviral activity in vitro on
widely spread virus strains such as Ebola virus, human herpesvirus
8, hepatitis C virus (41). In vitro activity of umifenovir against
SARS-CoV-1 and SARS-CoV-2 were reported. (42). There are
randomized clinical trials in China investigating the efficacy
and safety of umifenovir against COVID-19 (NCT 04252885,
NCT04260594).

Bemcentinib

Bemcentinib is an AXL kinase inhibitor, previously studied in
cancer patients and has been shown to be safe and well-tolerated.
It has also been reported to exhibit potent antiviral activity
in preclinical models against a variety of enveloped viruses,
including Ebola and Zika virus. Recent data has expanded this
to include SARS-CoV-2. A multi-center Phase II clinical study
is being followed in England to examine its effectiveness in the
treatment of hospitalized patients with COVID-19.

EIDD-2801

EIDD-2801 is a powerful ribonucleoside analog that inhibits
the replication of RNA viruses, including SARS-CoV-2. In
animal studies of two different CoV (SARS-CoV-1 and MERS),
EIDD-2801 has been shown to improve respiratory function,
reduce body weight loss, and reduce the amount of virus in the
lung (43). Permission has been obtained from the FDA to begin
clinical work by licensing the EIDD-2801 in collaboration with
Ridgeback Biotherapeutics and Merck. It has 3 clinical trials
(NCT04392219, NCT04405570, NCT04405739).

Anti-inflammatory Drugs and Anti-cytokine Treatments

An increase in immune reactions called “cytokine storm”
and excessive production of cytokines is blamed for the rapid
progression and exacerbation of COVID-19 infection. In
critical COVID-19 patients, there is an excessive increase in
the levels of inflaimmatory markers C-reactive protein and
inflammatory cytokines [such as interleukin (IL)-6, TNF-a,
IL-1, IL-8] in parallel with the decrease in lymphocyte count
(44). In this context, the use of glucocorticoids, nonsteroidal
anti-inflammatory ~ drugs, chloroquine/hydroxychloroquine,
immunosuppressive drugs, immunomodulatory drugs, and
inflammatory cytokine antagonists has been considered. These
include monoclonal antibodies that bind to IL-6R and
antagonize its effect, TNF-alpha inhibitors, IL-1 antagonists,
and janus kinase inhibitors.

Corticosteroids

In a retrospective study of 200 patients with acute respiratory
distress syndrome (ARDS), a lower mortality rate was seen in
patients receiving methylprednisolone (45). The number of
clinical studies investigating the effects of different formulations
and dosages on the use of corticosteroid drugs in COVID-19
pneumonia is constantly increasing. Following studies can
be given as examples of studies investigating the effects of

methylprednisolone (NCT04263402, NCT04323592,
NCT04343729, NCT04273321, NCT04263402,
NCT04323592, NCT04343729, NCT04273321,
NCT04263402, NCT04323592, NCT04343729,
NCT04273321, NCT0424354591), dexamethasone

(NCT04243, NCT04331470) or dexamethasone with
Siltuximab or Tacrolimus like other anti-inflammatory
combination  treatments  (respectively NCT04329650,
NCT04341038). The effect of thalidomide + low dose
glucocorticoid combination on patients with severe COVID-19

is evaluated in terms of clinical efficacy (NCT04273529).
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Ciclesonide

The antiviral and anti-inflammatory effects of ciclesonide,
an approved corticosteroid effective in controlling chronic
inflammation of the respiratory tract, is expected to be effective
in the treatment of lung damage seen in severe coronavirus
infections. There is a preliminary publication showing in vitro
experiments that ciclesonide inhibits SARS-CoV-2 replication via
viral nsp15 inhibition (46). Clinical trials have been initiated for

the use of inhaled ciclesonide in COVID-19 (NCT04381364).
Interleukin-6 Antagonists

Tocilizumab is marketed as Actemra for the treatment of
rheumatoid arthritis and other inflammatory conditions. In a
small cohort (21 patients) retrospective study conducted in China,
IL-6 receptor (IL-6R) monoclonal antibody (mAb) Tocilizumab
(TCZ) developed by Genentech was able to rapidly improve
clinical outcomes, normalize the fever in patients within one day,
and reduce the oxygen need of 75% of the patients within five
days in severe COVID-19 patients (47). There are many clinical
trials  (NCT04335071, NCT04306705, NCT04332094,
NCT04332913) on tocilizumab, and the Chinese National
Health Commission has approved its use against lung damage in
patients with severe COVID-19.

Similarly, the therapeutic potential of Sarilumab, another IL-6
antagonist monoclonal antibody marketed as Kevzara for the
treatment of rheumatoid arthritis, for (ARDS) in COVID-19
patients is being investigated (NCT 04359901, NCT 04386239,
NCT04357808, NCT04324073).

Interferon Antagonists

It is thought that Emapalumab, an FDA-approved anti-IFN-y
monoclonal antibody for hemophagocytic lymphohistiocytosis,
can suppress the increased cytokine production during
COVID-19 infection. There is 1 clinical study investigating
the efficacy and safety of its combined use with Anakinra in the
treatment of COVID-19 (NCT04324021).

JAK1/2 Inhibitors

Barisitinib, a JAK1/2 inhibitor, is a licensed anti-inflammatory
drug for the treatment of theumatoid arthritis (RA). Itis estimated
that barisitinib may show antiviral activity by inhibiting AAK1,
an important regulator of viral endocytosis (48), and there are

clinical studies related to this (NCT04320277).

Ruxolitinib (Jakafi) was first approved by the FDA for the
treatment of myelofibrosis, then polycythemia vera, and acute
graft versus host disease in 2019. It was thought that this drug
could be effective in the cytokine storm caused by COVID-19
infection by inhibiting the JAK/STAT pathway. For this reason,
a clinical study has been initiated for the use of Ruxolitinib in the

treatment of COVID-19 (NCT04414098).

S1P1 Inhibitors

Fingolimod is an inhibitor  with

effects. In

S1P1
immunosuppressant

approved
immunomodulatory and
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influenza virus infection models in mice, this drug has been
shown to reduce mortality and morbidity by reducing the release
of proinflammatory cytokines (49). A clinical trial continues for

the use of Fingolimod in COVID-19 (NCT04280588).
Colchicine

Colchicine is an immune system modulator that has long been
used in the treatment of gout. Clinical trials of colchicine
have been initiated in high-risk COVID-19 patients due to
its potential to reduce cytokine release and inflammation and
prevent complications (NCT04360980, NCT04375202,
NCT04350320).

Leronlimab

ARDS seen in COVID-19 is thought to be caused by cytokine
storm due to the accumulation of neutrophils in the pulmonary
circulation and alveolar spaces. Leronlimab (PRO 140) can
alleviate the cytokine storm seen in COVID-19 by preventing
the migration of macrophages and the release of proinflammatory
cytokines in the lungs. In this context, treatment with
Leronlimab (CCR5 antagonist) has been shown to improve
severely depleted CD8 T-lymphocyte percentages, normalize
CD4/CDS ratios, and decrease IL-6 levels in critical or terminal
COVID-19 patients (50). Apart from this, there are two more
clinical studies, the results of which have not yet been announced
regarding the use of leronlimab in COVID-19 (NCT 04347239,
NCT04343651).

Medications Recommended for Lung Symptoms

Vascular endothelial growth factor (VEGF), which has been
reported to have increased levels in acute lung injury (ALI)
and (ARDS), is considered a potential therapeutic target
in COVID-19, as it is known to cause increased vascular
permeability and pulmonary edema (51).

Bevacizumab, marketed under the name Avastin for certain
types of cancer, is a monoclonal antibody that inhibits VEGE
Bevacizumab was predicted to reduce pulmonary edema and
mortality in ALI and ARDS treatment, and a clinical study
was initiated in patients with severe COVID-19 pneumonia

(NCT04275414, NCT043051006).
Drug Based Approach

The drug-based approach is based on the similarities in chemical
structures of a drug not used in the target indication with the drugs
used in that indication. In this approach, a new target is defined
that links the drug to a new indication. The drug-based approach
is based on chemical structure similarity, pharmacological action
similarity, and molecular coupling between drugs (19).

Chloroquine-hydroxychloroquine

Chloroquine is a drug used in the treatment of malaria
accompanied by high fever (52). Chloroquine may block SARS-
CoV virus entry by altering the ACE-2 receptor and spike
protein glycosylation (53). In 2003, chloroquine was found to
be effective against the SARS-CoV virus that caused the SARS
epidemic and was used in treatment (53). Similarly, chloroquine
has been shown to effectively inhibit SARS-CoV-2 in vitro (34).
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The effectiveness of hydroxychloroquine, a less toxic derivative
of chloroquine with fewer side-effects, previously used in
the treatment of patients with malaria, lupus, and arthritis,
against the COVID-19 epidemic was also investigated (54).
A study demonstrated that hydroxychloroquine is weakly
alkaline and prevents endosomal acidification by increasing
endosomal pH, thus preventing virus-target cell membrane
fusion (52). Hydroxychloroquine also has anti-inflammatory
and immunomodulatory effects. Hydroxychloroquine has
been shown to be effective in vitro in SARS-CoV-2 infection
(54). Following the demonstration of in vitro activity of both
chloroquine and hydroxychloroquine against SARS-CoV-2,
many clinical studies have been initiated in terms of its potential
for use in the treatment of COVID-19 (34,54). On day six,
after the inclusion of azithromycin and hydroxychloroquine
combined therapy, virological improvement was observed
in 100% of patients treated with the combination of
hydroxychloroquine and azithromycin (57.1% in patients treated
with hydroxychloroquine alone and 12.5% in the control group)
(55). However, there are conflicting reports of chloroquine and
hydroxychloroquine in small randomized trials and in some case
reports. An article published in The Lancet magazine on May 22
demonstrated that the use of chloroquine or hydroxychloroquine
in the treatment of COVID-19 increased mortality rates and
caused heart rhythm disturbance. Subsequently, the article was
withdrawn when serious scientific problems were revealed in the

data of the study (56).
Despite all this, due to the rapid spread of COVID-19 and the

increase in deaths, some countries have included chloroquine/
hydroxychloroquine in their treatment protocols by evaluating
the preliminary data of ongoing studies. In Turkey COVID-19
Treatment Protocol, hydroxychloroquine is recommended in
all categories of COVID-19 patients, from asymptomatic to
critically ill category, if the physician deems appropriate (57).
Hydroxychloroquine is included in the treatment protocol
for mild/moderate and critical COVID-19 patients with risk
factors in Italy, the Netherlands, and Belgium (58). (NIH)
COVID-19 Treatment Guidelines recommend the use of high-
dose chloroquine (600 mg twice daily for ten days) to treat
COVID-19 (59).

French soldiers used chloroquine as a prophylactic 100 mg per
day for many years while working in areas with a high incidence
of malaria. There is not enough data for the prophylactic
use of chloroquine/hydroxychloroquine in COVID-19. In
some treatment protocols, hydroxychloroquine can be used
prophylactically to prevent asymptomatic patients from
spreading the virus rapidly and protecting healthcare workers.
In this context, a randomized, double-blind clinical study has
been initiated, including 40,000 healthcare workers from Asia,
Europe, and Africa (NCT04303507). Turkey COVID-19
Treatment Protocol stated that hydroxychloroquine can be used
as 2x200 mg for 5 days in asymptomatic patients depending on

the physician’s choice (57).

Ivermectin

After the discovery that chloroquine and
hydroxychloroquine are effective in COVID-19, studies on
another antimalarial drug, Ivermectin, have accelerated. An in vitro
study conducted at Monash University in Australia demonstrated
the effectiveness of Ivermectin, an antiparasitic drug, against the
SARS-CoV-2 virus. However, in order for the drug to be used in
patients diagnosed with COVID-19, it is necessary to verify the
effectiveness of the drug in patients with COVID-19. Therefore,
more data are needed, and more clinical studies need to be

concluded (60).

antimalarial

Azithromycin

Azithromycin is a broad-spectrum macrolide antibiotic used in
the treatment of respiratory, enteric, and genitourinary system
infections. In a study conducted in France, a combination of
hydroxychloroquine and azithromycin was administered to
20 patients diagnosed with COVID-19 to prevent bacterial
superinfection and to provide a significant reduction in viral load.
According to the study, all patients recovered virologically within
6 days following treatment (55). On May 14, 2020, NIH started
studies on the use of hydroxychloroquine and azithromycin in
COVID-19. According to the Ministry of Health COVID-19
treatment protocol, combination therapy with azithromycin
and hydroxychloroquine is recommended for patients with
uncomplicated mild pneumonia and COVID-19 with severe
pneumonia (57).

Conclusion and Recommendations

Drug repositioning methods save both time and cost compared to
traditional drug development methods. Drug repositioning has a
life-saving importance for human health by skipping some of the
clinical phase tests in pandemic situations such as COVID-19
and allowing rapid access to the drug. Recent efforts to develop
a treatment for COVID-19 employed drug repositioning rather
than drug and target-based strategies. On the other hand, some
drugs that were investigated using the disease-based approach
strategy did not make a significant difference in clinical studies.
Therefore, although iz vitro data and in silico approaches
are promising for rapid drug discovery in the treatment of
COVID-19, the necessity of waiting for the results of clinical
trials for approval of indications by drug authorities has become
clearer during the COVID-19 pandemic process.
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ABSTRACT

To date, no effective treatment has been found against coronaviruses
(CoVs), which have re-emerged with severe acute respiratory
syndrome CoV-2 (SARS-CoV-2) and have a high potential for
disease in humans as well as domestic and wild animal species. The
investigation of treatment options to combat this virus, which has
a pandemic character with its high morbidity and mortality rate,
is a multidisciplinary research subject. In this context, the drug
repositioning has come to the agenda in the fight against SARS-
CoV-2, which is the current subject. However, despite the superior
characteristics of drug options other than rational usage purposes
such as easy accessibility and rapid transfer to the field, the lack
of evaluations for their efficacy and safety may lead to misleading.
In this review, the applicability, risks, and possible molecular
mechanisms of ivermectin, which is suggested to be an effective
treatment option, are discussed within the framework of the
pharmacokinetic and toxicokinetic properties of the drug.

Keywords: Antiviral efficacy, COVID-19, drug repurposing,
ivermectin, SARS-CoV-2

oz

Siddetli akut solunum sendromu koronaviriis-2 (SARS-CoV-2) ile
yeniden giindeme gelen, evcil ve yabani hayvan tiirlerinin yani sira
insanlarda da hastalik yapabilme potansiyeli yiiksek olan CoV kars
giintimiize degin etkin bir tedavi yéntemi bulunamamustir. Yitksek
morbidite ve mortalite orani ile pandemik bir karakter kazanan
bu viriisle miicadele amaciyla tedavi segeneklerinin arastirilmasi
multidisipliner bir aragurma konusudur. Bu kapsamda, giincel
konu niteliginde olan SARS-CoV-2 ile miicadelede ilaglarin
yeniden konumlandirma calismalari giindeme gelmistir. Ancak
rasyonel kullanim amaglarinin  disindaki ilag segeneklerinin,
kolay ulagilabilirlik ve hizla uygulamaya aktarilabilir olmalari gibi
tistiin ozelliklerine ragmen, etkinlik ve giivenilirliklerine yonelik
degerlendirmelerin yapilmamis olmasi yanlis yénlendirmelere yol
acabilmektedir. Bu derlemede, etkin bir sagaltim secenegi olabilecegi
ileri siiriilen ivermektinin SARS-CoV-2 tedavisinde kullanilabilirligi,
riskleri ve olast molekiiler mekanizmalar, ilacin farmakokinetik ve
toksikokinetik &zellikleri cercevesinde ele alinmistir.

Anahtar Sézciikler: Antiviral etkinlik, COVID-19, ilag yeniden
konumlandirma, ivermektin, SARS-CoV-2

In humans, they cause respiratory tract and gastrointestinal system
infections, in addition to these, mostly mild, self-healing, and
Coronaviruses are single-stranded, large positive-polar RNA  rarely with severe respiratory failure and renal involvement fatal
diseases. In some animal species (rats, mice, various bird species,
ruminants, dogs, cats, rabbits, pigs, etc.) they cause respiratory
diseases or gastroenteritis (1,2).

Introduction

(having the largest genome of all RNA viruses), belonging to the
order of Nidovirales.
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Viruses belonging to the coronavirus family that are effective on
humans and animals was first defined as infectious bronchitis
virus in poultries in 1937, and the first human coronavirus
was reported in the 1960s. The coronavirus, which has the
potential to pass from animals to humans and to cause epidemics
by mutation. There are 7 different coronavirus species, which
infections in humans, these are CoV 229E, HCoV NL63, HCoV
HKU1 and HCoV OC43, and in addition to these, SARS-CoV,
Middle East respiratory syndrome (MERS) and SARS-CoV-2
(3,4). A new member of this family of viruses was identified
for the first time in Wuhan, China in December 2019 and was
defined as SARS-CoV-2 due to its genetic association with the
virus that caused the SARS epidemic, and the disease it caused
is named as by the World Health Organization as coronavirus

disease (COVID-19) (5,6).

With the scope of combating this virus, which is classified as
a pandemic and has become a threat to all humanity, research
on vaccine development and treatment still continues, but no
effective specific agent has yet been found for the treatment of
coronaviruses. This situation has led to the importance of drug
repositioning studies, which include the use of known drugs for
new purposes, in the treatment of COVID-19 (7-10).

Current studies carried out in this context have revealed the
approach that ivermectin, a compound widely used in veterinary
practice for the control of parasitic infections, can be effective
in the treatment of COVID-19. Ivermectin, a broad spectrum
antiparasitic compound approved by the US Food and Drug
Administration (FDA), is known to exhibit antiviral activity
against many viruses iz vitro. Similarly, in a study conducted in a
SARS-CoV-2 infected Vero/hSLAM cell line, it was reported that
an approximately 5,000-fold decrease in viral RNA was detected
at the 48" hour following ivermectin administration at 5 uM
concentration (11). According to the findings, the researchers
stated that ivermectin has iz vizro antiviral activity against
SARS-CoV-2 and this effect is likely to occur by blocking the
nuclear entry of importin alpha and beta-1 (IMPo/B1) mediated
viral protein (11). Since the application of ivermectin yielded
remarkable results against SARS-CoV-2, clinical studies based on
the use of ivermectin + nitazoxanide combination as an adjuvant
to hydroxychloroquine and azithromycin were initiated (12). In
contrast, the FDA reported that such in vitro research is widely
conducted in the early stages of drug development studies, but
more research is needed on whether ivermectin is effective and
safe in preventing or treating coronavirus or COVID-19 (13).
When the ivermectin effectiveness in COVID-19 treatment is
evaluated in relation to the pharmacokinetic profile of the drug;
whenever the 5 pM concentration found effective in in vitro
conditions adapted to 7z vivo conditions, the highest peak plasma
concentration reached was 247.8 ng/mL, and this concentration
was used after the approved dose (150-200 pg/kg) to reach the
plasma peak concentration (30-47 ng/mL) approximately 17
times (14,15).

There are many studies evaluating the antiviral activity of
ivermectin iz vitro conditions. In a study carried out by Wagstaff
et al (16), it was reported that ivermectin is an inhibitor of

IMPo/1 mediated nuclear import and prevents the replication
of human immunodeficiency virus (HIV-1) by inhibiting
the entry of viral proteins into the nucleus. There are also
studies confirming that ivermectin is effective against Porcine
Reproductive and Respiratory Syndrome Virus (17), Bovine
Herpes Virus (18), Newcastle Disease Virus (19), Chikungunya
Virus, Semliki Forest Virus and Sindbis Viruses (20).

In the study evaluating the activities of some molecules including
ivermectin against Dengue Virus (DENV), it was reported that
the 77 vitro activity test was terminated due to the high cytotoxic
effect of ivermectin in the HuH-7 cell line (21). On the other
hand, in a study conducted in vitro with liposome formulation
of ivermectin, it was reported that the cytotoxic effect of the drug
decreased up to 5 times, and the antiviral EC, value against
DENV 2 reached from 2.6 uM to 0.3 pM (22). In studies
conducted at known therapeutic doses, ivermectin inhibit
Pseudorabies Virus (23) in BHK-21 cell line and mice, Porcine
Circovirus 2 (24) in PK-15 cell line and piglets. Ivermectin has
a wide safety margin with no adverse effects up to 50 times the
recommended dose in pigs (25). Remarkable findings were also
obtained in studies evaluating the effectiveness of ivermectin
against Flaviviruses. It has the highest potency for Yellow Fever
Virus, which causes hemorrhagic fever, with an EC, value of
0.5 nM. It has also proven to be a micromolar level replication
inhibitor for DENV, West Nile Virus, Japanese Encephalitis
Virus and Tick-borne Encephalitis Virus in 7 vitro studies (26).
As a result of the application made to the World Intellectual
Property Organization, it has been observed that the use of all
Avermectins and Milbemicins in the treatment of Flavivirus
infections is protected by patent (27).

There are many veterinary medicinal products around the world
where this first endectoside, which is widely used in veterinary
treatment with its powerful anthelmintic, insecticide and
acaricidal effects, is included as an active ingredient (28,29).
In our country, different pharmaceutical forms of ivermectins,
whose marketing authorization has been issued by the Ministry
of Agriculture and Forestry, General Directorate of Food and
Control, has an indication area for cattle, sheep, horses and
dogs (30). 1% cream form has been found by American and
European authorities to be more effective and safe than known
treatment options for the treatment of rose disease lesions with
inflammartory lesions, known as Rosacea, and has been approved
for human use (31).

There are also studies evaluating the antiviral activity of ivermectin
as well as its anti-inflammatory and antitumoral activity.
It has been shown that avermectin used in inflammation induced
by lipopolysaccharide inhibits Tumor necrosis factor-alpha
(TNF-a) and interleukin (IL)-1f production significantly and
increases IL-10 production in macrophages. These effects were
reported to be mediated by ERK1/2, JNK and p38 MAPK signal
and activation of the NF-xB pathway (32).

Ivermectin also show antitumoral activity by effecting the
MDR  protein inhibition, Akt/mTOR pathway inhibition,
PAKI1 protein inhibition, WNT-TCF pathway inhibition, SIN3
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domain inhibition, NS3 DDX23 helicase inhibition, Nanog/
Sox2/ Oct4 genes downregulation, activation of P2X4/P2X and
increased chlorine channel mechanisms (33).

Another effect of ivermectin is related to P-glycoprotein (P-gp).
It has been observed that when the P-gp substrate ivermectin is
used in combination with the P-gp inhibitor Verapamil, it can
cause cytogenetic and teratogenic effects in rats (34). Similarly,
when mice lacking the gene encoding P-gp (MDR1a -/-) were
treated with the standard antiparasitic protocol of ivermectin,
the concentration of ivermectin in brain tissue was found to be
100-fold higher than wild-type mice, and death was reported.
Neurotoxic effects and hypersensitivity reactions associated with
mutation in P-gp genes were observed in subpopulations of CF1
mice and coli dogs (35). In addition, since ivermectin acts as a
Na', K*-ATPase inhibitor at a dose of 6-17 uM IC, , it has been
reported that this situation indicates significant adverse effects

when used at high doses (36).

There are controversial results in studies examining the
genotoxicity potential of ivermectin. In this context; Ames test
using Salmonella typhimurium and Salmonella typhimurium +
S9, in vitro L5178Y/TK +/— mouse lymphoma assay, in vitro
unprogrammed DNA synthesis in human fibroblasts, in vitro
sister chromatid exchange in peripheral human lymphocytes and
CHO-KI cells in vitro in rat thymocyte It has been reported that
apoptosis induction gives negative results. On the other hand,
in relation to ivermectin, iz vitro comet test, mitotic index, cell
cycle progression, neutral red, MTT test results (37-39) and
in vitro sister chromatid exchange test in peripheral human
lymphocytes (40) were positively detected in CHO-K1 cells.
Similarly, in their iz vivo studies; according to the chromosomal
aberration test and micronucleus test findings, they concluded
that ivermectin has clastogenic and genotoxic potential in mice
(41). In another study, in which the genotoxicity potential of
ivermectin was evaluated with the comet test system in Zebu
cattle, it was stated that the concentrations of 1% and 3.15% of
the compound caused a significant DNA damage and may show
genotoxic potential (42). As part of drug repositioning, a network
of medicine framework has been developed over the past decade,
consisting of a set of quantitative approaches and predictive tools
to examine host-pathogen interactions, uncover the molecular
mechanisms of infections, identify comorbidities, and quickly
identify drug candidates. Gysi et al. (43), published the results
that shows the drugs that may affect biological processes targeted
by the virus by using iz vitro data. In this context, it has been
suggested that clinical trials of ivermectin, whose toxicity and

side effects are known, should be started rapidly (43).

Studies that involve repositioning drugs, requiring less time
to target with a low cost advantage, may potentially not
require preclinical trials and may enter phase 2 studies directly.
Combination therapy strategies can be developed that may delay
or reduce resistance associated with monotherapy, thanks to
known mechanisms of action. Candidate drug analogs are easily
available for testing. Researchers and small-scale laboratories
can be the determinant of drug positioning processes, not
requiring initial investment thanks to large-scale formulation
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and production chains. However, due to the high doses used
in in silico screening studies, toxic drugs may be initially
identified as active, unforeseen and undesirable side effects may
be encountered, and the effective plasma concentration may be

much higher than the levels achievable for humans (44,45).

Suggestions

In silico screening and in vitro researches are of great importance
in drug development and repositioning studies. However, as with
the controversy over ivermectin, the clinical pharmacokinetics of
studies in 77 vitro conditions should be carefully evaluated when
adapted to 7 vivo conditions.

Ivermectin, and its derivatives are protected by patent for some
indications. In the efforts to reposition the drugs that are easily
accessible in the world that meet the priority needs of the
population, patent protection research may be useful due to the
obstacles to the public accessibility of patented substances and
products.

Quality assurance systems, and good cell culture practices gain
importance in terms of reliability and reproducibility of research,
and it is considered important that these principles are adapted
to applications by researchers. In this context, it would be useful
to investigate the effectiveness of ivermectin comprehensively by
different researchers.

In addition to supporting the data obtained under in vitro
conditions with in vive research, it is thought that it may be
beneficial to carry out formulation development studies to
increase bioavailability and reduce undesirable effects.

Peer-review: Internally peer reviewed.

Authorship Contributions

Concept: M.K., CA,, T.B., EM.G,, Design: M.K,, CA., T.B,,
Data Collection or Processing: M.K., C.A., T.B.,, EM.G,,
Analysis or Interpretation: M.K., C.A.,, T.B., EM.G., Literature
Search: M.K., C.A., T.B., EM.G., Writing: M.K,, CA., TB,,

Contflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References
1. Inal S. Middle East Respiratory Syndrome-Coronavirus (MERS-
CoV) Enfeksiyonu: Okmeydan: Tip Dergisi 2016;32(Ek say1):37-45.

2. Microbiology Book Online, Viroloji Béliim 25, Koronaviriisler, Soguk
Alginligt ve SARS, Availeble from: https://www.microbiologybook.
org/Turkish-virology/virolchapter25turk.htm

3. TUBITAK, Bilim ve Teknik Dergisi, Kiiresel Kabus, Availeble from:
hteps://tubitak.gov.tr/sites/default/files/18842/bilim_ve_teknik_
coronavirus_hakkinda.pdf

4. Hasoksiiz M, Kilig S, Sarag E Coronaviruses and SARS-COV-2.

Turkish Journal of Medical Sciences. https://doi.org/10.3906/sag-
2004-127.



Bezmialem Science 2020;8(Supplement 3):94-8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

International Committee on Taxonomy of Viruses ICTV), Naming
the 2019 Coronavirus 2020. Availeble from: https://talk.ictvonline.
org/

World Health Organisation, Naming the coronavirus disease
(COVID-19) and the virus that causes it, 2020. Availeble from:
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
technical-guidance/naming-the-coronavirus-disease-(covid-2019)-

and-the-virus-that-causes-it

Pushpakom S, Iorio E Eyers PA, Escott KJ, Hopper S, Wells A, et al.
Drug repurposing: Progress, challenges and recommendations. I¢inde
Nat Rev Drug Discov 2018;1:41-58.

Information for Clinicians on Investigational Therapeutics for
Patients with COVID-19 2020. Available from: https://www.cdc.

gov/coronavirus/2019-ncov/hep/therapeutic-options.heml

T.C. Saglik Bakanligt COVID-19 (SARS-CoV-2 ENFEKSIYONU)
REHBERI 2020. Available from: https://covid19bilgi.saglik.gov.tr/
depo/rehberler/COVID-19_Rehberi.pdf2type=file

World Health Organisation Off-label use of medicines for
COVID-19 2020. Available from: https://www.who.int/news-room/
commentaries/detail/off-label-use-of-medicines-for-covid-19

Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. The FDA-
approved drug ivermectin inhibits the replication of SARS-CoV-2
in vitro. Antiviral Res 2020;178:104787. https://doi.org/10.1016/j.
antiviral.2020.104787

U.S.National Institute of Health, Clinical Trials, 2020. Available
from: hteps:// clinicaltrials. gov/ct2/ results’cond= COVID&term=
ivermectin&cntry= &state=&city= &dist= &Search=Search

U.S. Food and Drug Administration, Letter to Stakeholder, 2020,
Available

safety-information/fda-letter-stakeholders-do-not-use-ivermectin-

from:  https://www.fda.gov/animal-veterinary/product-

intended-animals-treatment-covid-19-humans

Bray M, Rayner C, Noél E Jans D, Wagstaff K. Ivermectin and
COVID-19: a report in Antiviral Research, widespread interest, an
FDA warning, two letters to the editor and the authors’ responses.
Antiviral ~ Res  2020;178:104805.  https://doi.org/10.1016/j.
antiviral.2020.104805

Momekov G, Momekova D.
COVID-19  treatment from the pharmacokinetic — point
of view. medRxiv = 2020.04.11.20061804.  https://doi.
org/10.1101/2020.04.11.20061804

Wagstaff K, Rawlinson S, Hearps A, Jans D. Novel Inhibitors of
Nuclear Translocation of HIV-1 Integrase. Antiviral Res 2011;90:A48.
https://doi.org/10.1016/j.antiviral.2011.03.081

Ivermectin as a potential

Lee Y], Lee C. Ivermectin inhibits porcine reproductive and
respiratory syndrome virus in cultured porcine alveolar macrophages.

Arch Virol 2016;161:257-68.
Raza S, Shahin E Zhai W, Li H, Alvisi G, et al. Ivermectin inhibits

bovine herpesvirus 1 DNA polymerase nuclear import and interferes

with viral replication. Microorganisms 2020;8:1-15.

Azeem S, Ashraf M, Rasheed MA, Anjum AA, Hameed. Evaluation
of cytotoxicity and antiviral activity of ivermectin against Newcastle
disease virus. Pak J Pharm Sci 2015;28:597-602.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Varghese FS, Kaukinen P Glisker S, Bespalov M, Hanski L,
Wennerberg. Discovery of berberine, abamectin and ivermectin as
antivirals against chikungunya and other alphaviruses. Antiviral Res
2016;126:117-24.

Chu JJH, Lee RCH, Ang MJY, Wang WL, Lim HA, Wee JLK, et
al. Antiviral activities of 15 dengue NS2B-NS3 protease inhibitors
using a human cell-based viral quantification assay. Antiviral Res

2015;118:68-74.
Croci R, Bottaro E, Chan KWK, Watanabe S, Pezzullo M,

Mastrangelo E, et al. Liposomal Systems as Nanocarriers for the
Antiviral Agent Ivermectin. Int ] Biomater 2016. hetps://doi.
org/10.1155/2016/8043983

Lv C, Liu W, Wang B, Dang R, Qiu L, Ren J, et al. Ivermectin
inhibits DNA polymerase UL42 of pseudorabies virus entrance into
the nucleus and proliferation of the virus in vitro and vivo. Antiviral
Res 2018;159:55-62.

Wang X, Lv C, Ji X, Wang B, Qiu L, Yang Z. Ivermectin treatment
inhibits the replication of Porcine circovirus 2 (PCV2) in vitro
and mitigates the impact of viral infection in piglets. Virus Res
2019;263:80-6.

Sanford SE, Rehmtulla AJ, Josephson GKA. Ivermectin overdose and
toxicosis in neonatal pigs. Can Vet ] 1998;29:735-36.

Mastrangelo E, Pezzullo M, De burghgraeve T, Kaptein S, Pastorino
B, Dallmeier K, et al. Ivermectin is a potent inhibitor of flavivirus
replication specifically targeting NS3 helicase activity: New prospects
for an old drug. ] Antimicrob Chemother 2012;67:1884-94.

World (WIPO). 2020.
W0O2011051159 - Avermectins and milbemycins for the treatment

Intellectul ~ Property  Organisation

of flavivirus infections. Available from: https://patentscope.wipo.int/
search/en/detail.jsf?docld= W0O2011051159&recNum=298&docAn=
EP2010065880&queryString=DORAMECTIN&maxRec=452
U.S.Food And Drug Administration (FDA), (2018). Available from:
https://animaldrugsatfda.fda.gov/adafda/views/#/search

European Medicines Agency (EMA), (2018). Available from: http://
www.cudrapharm.eu/eudrapharm/searchbykeywordresult.do

Tarim ve Orman Bakanlig1, (2020). Ruhsatli Veteriner Tibbi Uriinler,
Available from: https://vtu.tarim.gov.tr/FYerli.aspx.

Crump A. Ivermectin: Enigmatic multifaceted “wonder” drug
continues to surprise and exceed expectations. ] Antibiot (Tokyo)
2017;70:495-505.

CiX, Li H, Yu Q, Zhang X, Yu L, Chen N, et al. Avermectin exerts
anti-inflammatory effect by downregulating the nuclear transcription
factor kappa-B and mitogen-activated protein kinase activation
pathway. Fund Clin Pharmacol 2009;23:449-55.

M, Schcolnik-Cabrera A, Duenas-Gonzalez A. The
multitargeted drug ivermectin: from an antiparasitic agent to a
repositioned cancer drug. Am J Cancer Res 2018;8:317-31.
El-Ashmawy IM, El-Nahas AF, Bayad AE. Teratogenic and cytogenetic
effects of ivermectin and its interaction with P-glycoprotein inhibitor.
Res Vet Sci 2011;90:116-23.

Schinkel AH, Smit JJ, Van Tellingen O, Beijnen JH, Wagenaar E, Van

Deemter L, et al. Disruption of the mouse mdrla P-glycoprotein

Juarez

97



Kesmen et al. COVID-19: Ivermectin; Limitations, Suggestions

36.

37.

38.

39.

40.

98

gene leads to a deficiency in the blood—brain barrier and to increased

sensitivity to drugs. Cell 1994;77:491-502.

Pimenta PHC, Silva CLM, Noel E Ivermectin is a nonselective
inhibitor of mammalian P-type ATPases. Naunyn-Schmiedeberg’s
Arch Pharmacol 2010;381:147-52.

EMA, (2004). Committee For Medicinal Products For Veterinary Use
EMEA/MRL/915/04-Final Ivermectin (Modification of Maximum
Residue Limits) Summary Report (5).

Molinari G, Soloneski S, Reigosa MA, Larramendy ML. In vitro
genotoxic and cytotoxic effects of ivermectin and its formulation
ivomec” on Chinese hamster ovary (CHOKI1) cells. ] Hazard Mater
2009;165:1074-82.

Molinari G, Soloneski, S, Larramendy ML. New ventures in the
genotoxic and cytotoxic effects of macrocyclic lactones, Abamectin
and Ivermectin. Cytogenet Genome Res 2010;128:37-45.

Aleksi¢ N, Barjaktarovi¢ N. Investigation on sister chromatid
exchange (SCE) by ivermectin. Genetika 1993;25:219-25.

41.

42.

43.

44.

45.

Sweify KM, Abd I, Darwish EM, Demerdash D, El A, Hafez M. The
cytogenetic potential of ivermectin on bone marrow cells of mice in
vivo. OSR-JESTFT, 2015;9:2319-99.

Montes V, De La Ossa V], Pérez Cordero A. Comet assay to
determine genetic damage by the use of ivermectin in zebu cows (
Bos taurus indicus ). Revista MVZ Cérdoba 2017;22:5959-65.

Gysi DM, Do Valle 1, Zitnik M, Ameli A, Gan X, Varol O, et al.
Network Medicine Framework for Identifying Drug Repurposing
Opportunities for COVID-19. ArXiv 2020;arXiv:2004.07229v1.
Preprint.

Mercorelli B, Pali G, Loregian A. Drug Repurposing for Viral
Infectious Diseases: How Far Are We? Trends Microbiol 2018;26:865-
76.

Garcia-Serradilla M, Risco C, Pacheco B. Drug repurposing for new,
efficient, broad spectrum antivirals. Virus Res 2019;264:22-31.



Review

DOI: 10.14235/bas.galenos.2020.4522
Bezmialem Science 2020;8(Supplement 3):99-104

An Overview of COVID-19 Medicines in Current Guidelines

Gincel Kilavuzlardaki COVID-19 ilaclarina Bir Bakis

® Mustafa GOKCEL, ® Eray Metin GULER?2

1Bezmialem Vakif University Faculty of Pharmacy, Department of Pharmacology, Istanbul, Turkey

*Bezmialem Vakif University Faculty of Medicine, Department of Medical Biochemistry, Istanbul, Turkey

ABSTRACT

An acute respiratory disease caused by a new coronavirus (Severe
acute respirotary syndrome-coronaviriis-2, previously known as
2019-nCoV), coronavirus disease 2019 (COVID-19), appeared
in December 2019 and then has spread rapidly throughout the
world starting from China, Japan and South Korea. As of January
30, 2020, the World Health Organization has officially declared
the COVID-19 outbreak. Considering the clinical symptoms
of COVID-19, it has many symptoms such as high fever, cough,
and fatigue. It is reported that this disease is very severe and causes
serious consequences such as cytokine storm and acute respiratory
distress syndrome in the elderly and those with chronic diseases.
Currently, scientists are trying to find a specific antiviral treatment
strategy. Various medications such as hydroxychloroquine, lopinavir/
ritonavir, ribavirin, remdesivir and favipiravir are currently being
applied in clinical trials to test their efficacy and safety worldwide
in COVID-19 treatment, and some promising results have been
achieved so far. In this review, agents with potential efficacy against
COVID-19 are presented in summary.

Keywords: COVID-19, antivirals, treatment, SARS-CoV-2

Introduction

The Severe acute respirotary syndrome-coronavirus-2 virus
(formerly 2019-nCoV) appeared in Wuhan, Hubei province of
China in December 2019, and then spread very rapidly across
the world, starting from China, Japan and South Korea. To date,

oz

Yeni bir koronaviriisiin (daha 6nce 2019-nCoV olarak bilinen
Siddetli akut solunum enfeksiyonu-koronaviriis-2) neden
oldugu akut solunum yolu hastaligi, koronaviriis hastaligr 2019
(COVID-19) Aralik 2019'da ortaya ¢ikmis ve daha sonra Cin,
Japonya ve Giiney Koreden baglayarak Diinya genelinde hizli
bir yayilim gdstermisti. 30 Ocak 2020 itibariyle de Diinya
Saglik Orgiitii COVID-19 salginint resmi olarak ilan etmistir.
COVID-19’un klinik semptomlarina bakildiginda yiiksek ates,
oksiiriik, yorgunluk gibi bircok semptomu vardir. Yaslilarda ve
kronik hastaliklart olanlarda bu hastaligin ¢ok agir gectigi ve
sitokin firtinast ile akut solunum sikintist sendromu (ARDS) gibi
ciddi sonuglara neden oldugu bildirilmektedir. Su anda bilim
insanlari tarafindan spesifik antiviral tedavi stratejisi bulunmaya
calisilmaktadir. Hidroksiklorokin, lopinavir/ritonavir, ribavirin,
remdesivir ve favipiravir gibi cesitli ilaglar su anda Diinya ¢apinda
COVID-19 tedavisinde etkinliklerini ve giivenliklerini test etmek
icin klinik calismalarda uygulanmaktadir ve simdiye kadar bazi
umut verici sonuglar elde edilmistir. Bu derlemede, COVID-19’a
kargi potansiyel etkinligi olan ajanlar 6zet halinde sunulmaktadir.

Anahtar Sozciikler: COVID-19, antiviraller, tedavi, SARS-CoV-2

more than 3 million cases and more than 200 thousand deaths
have been reported worldwide (1). The first COVID-19 case was
confirmed in Turkey on March 10, 2020 and a total of 107,773
cases were approved as of April 25" 2020, and it was reported
that a total of 2,706 patients died (2). Considering the lack of
effective antiviral therapy against COVID-19, current treatments

Address for Correspondence: Eray Metin GULER, Bezmialem Vakif University Faculty of Medicine, Received: 27.04.2020

Department of Medical Biochemistry, istanbul, Turkey

Accepted: 01.06.2020

E-mail: eraymetinguler@gmail.com ORCID ID: orcid.org/0000-0003-4351-1719

Cite this article as: Gokce M, Giler EM. An Overview of COVID-19 Medicines in Current Guidelines. Bezmialem

Science 2020;8(Supplement 3):99-104.

©Copyright 2020 by the Bezmidlem Vakif University
Bezmidlem Science published by Galenos Publishing House.

99


https://orcid.org/
https://orcid.org/0000-0003-4351-1719

Gokge and Giiler. COVID-19 Medicines in Current Guidelines

are predominantly for symptoms (3). That is why, scientists
have recently intensified their work rapidly on drug therapy for
COVID-19 treatment. We can use some treatment strategies
against coronaviruses based on the experience of struggling in

SARS-CoV and Middle East Respiratory Syndrome corona virus

(MERS-CoV) outbreaks (4). Some agents have been quickly
tested in clinical trials and have been reported to show activity
against COVID-19 (5). The summary of current adult and
pediatric patient medication guideline published by the Republic
of Turkey Ministry of Health dated April 14, 2020 is shown in

Table 1. Current guideline for adult and child patient drug treatment

Name of drug Dosage

Administration way Time

Treatment recommendations for asymptomatic definite COVID-19 cases to be monitored as outpatient and for uncomplicated patients or

patients with mild pneumonia-possible COVID-19

Hydroxychloroquine 2x200 mg Oral 5 days
Recommendations for COVID-19 Patients with indication for hospitalization

Treatment in uncomplicated possible/definitely diagnosed COVID-19 Cases

Hydroxychloroquine 2x200 mg Oral 5 days
-/+ Azithromycin 1st day 500 mg +250 mg x4 days Oral 5 days
Treatment in possible/definitely diagnosed COVID-19 cases with severe pneumonia

Hydroxychloroquine 2x400 mg loading dose +2x200 mg Oral 5 days
e s 2x1.,600 mg loading dose +2x600 mg oral Sk

maintenance dose
-/+ Azithromycin 15t day 500 mg +250 mg x4 days Oral 5 days

Treatment in patients whose pneumonia findings have progressed while receiving hydroxychloroquine treatment

Favipiravir

2x1,600 mg loading dose +2x600 mg

(Hydroxychlovroc']uine treatmentshouldbe .o e dose Oral 5 days
completed within 10 days and stopped)
Treatment in pregnants with the definite diagnosis of COVID-19
Hydroxychloroquine 2x200 mg Oral 5 days
-/+ Lopinavir 200 mg/ Ritonavir 50 mg 200 mg/50 mg twice a day Oral 10-14 days
Dosages and administration ways of drugs that can be used in the treatment of children
6.5 mg/kg/dose of Hydroxychloroquine for
twice on the first day; maximum dose on the
Hydroxychloroquine first day: 400 mg/dose; on the 2"-5t days, Oral 5 days
3.25 mg/kg/dose of Hydroxychloroquine for
twice a day: maximum dose 200 mg/dose
1-5 month children 10 mg/kg/dose (max
dose 500 mg/dose)
>6 month children and adolescents 10 mg/
-/+ Azithromycin kg single dose on the first day (max dose 500  Oral 5days
mg/dose), Then, continuing with 5 mg/kg
single dose a day for 2-5 days (max dose 250
mg/dose) totally 5 days
Between 14 days-6 months: Lopinavir 16
mg/kg PO BID
Between 6 month-old-18 year-old:
-/+ Lopinavir 200 mg/ Ritonavir 50 mg Oral 10-14 days

COVID-19: Coronavirus disease 2019, max: Maximum

100

15-25 kg: 200 mg-50 mg PO BID
26-35 kg: 300 mg-75 mg PO BID
>35 kg: 400 mg-100 mg PO BID
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Table 1 (6,7). In the most current version of the guideline, the
use of antimicrobials such as hydroxychloroquine lopinavir/
ritonavir, azithromycin and favipiravir is recommended for the

treatment of COVID-19 (Table 2).

Hydroxychloroquine is an antimalarial widely used in malaria,
which was discovered to be a potential broad-spectrum
antiviral in 2006 (8,9). Although the mechanism of action of
hydroxychloroquine is not fully understood, it appears to block
viral entry into cells by inhibiting the glycosylation of host
receptors, proteolytic processing and endosomal acidification.
This drug has also been shown to suppress cytokine production,
such as interleukin (IL)-6 and tumor necrosis factor-o., and has
immunomodulatory effects in host cells through the inhibition
of lysosomal activity and autophagy (10,11). Chloroquine
has the ability to inhibit replication cycles against human
immunodeficiency virus (HIV) and other inflammation-related
viruses (12).

infection

blocked SARS-CoV-2

at a low micromolar concentration with a semi-maximum

Hydroxychloroquine has

effective concentration (EC,)) of 1.13 uM and a semi-cytotoxic
concentration (CC,)) greater than 100 uM (13). Currently,
there are some randomized clinical trials that examine their
role in COVID-19 therapy (14). Chloroquine is known to
inhibit pH dependent steps of replication of various viruses
(11). Hydroxychloroquine studies are planned for post-exposure
prophylaxis after chloroquine prophylaxis (NCT04303507) and
high-risk exposures (NCT04308668) in healthcare professionals
(15). Although the antiviral properties of chloroquine treat
people with the disease, it should be remembered that this will
change depending on the disease, chloroquine concentration and
duration of treatment (16). Chloroquine is still the first drug
that comes to mind because it leads to rapid fever reduction
and an immediate improvement in lung computed tomography
findings, and at least 10 clinical studies are currently being

performed (17).

Scientists have used protease inhibitors of lopinavir and ritonavir
along with other drugs to treat HIV-1-infected adults and
children over the age of 14 years (18) and HIV-infected people
(19). Chu et al. (20) have confirmed in iz vitro and clinical

Name of Drug

Lopinavir/
ritonavir

Chloroquine

Remdesivir
(GS-5734)

Nafamostat

Ribavirin

Oseltamivir

Penciclovir/
acyclovir

Ganciclovir

Favipiravir
(T-705)

Nitazoxanide

Table 2. Potential antivirals used in the treatment process of COVID-19

General definition

Protease inhibitor

9-aminoquinoline

Nucleotide analog
prodrug

Synthetic serine protease
inhibitor

Synthetic guanosine
nucleoside

Neuroaminidase inhibitor

Nucleoside analog

Nucleoside analog

Nucleoside analog:
Viral RNA
Polimerase inhibitor

Antiprotozoal agent

Mechanism of action

Inhibition of HIV-1 protease for protein cleavage
leading to non-infectious, immature viral particles

Increased endosomal pH, immunomodulator,
autophagy inhibitors

Interaction after entry of the virus into the host

It prevents membrane fusion by reducing
cathepsin B release; anticoagulant activities

Interfering with viral mRNA synthesis (a broad-
spectrum activity against several RNA and DNA
viruses)

Inhibiting the activity of the viral neuraminidase
enzyme, preventing proliferation from the host
cell, viral replication and infectivity

A synthetic acyclic guanine derivative resulting in
chain termination

Powerful inhibitor of the Herpesvirus family,
including cytomegalovirus

Influencing viral genetic replication to prevent
replication without affecting host cellular RNA or
DNA synthesis

Modulation of the survival, growth and
proliferation of a range of extracellular and
intracellular protozoa, helminths, anaerobic and
microaerophilic bacteria, viruses

Targeted diseases

HIV/AIDS, SARS, MERS

Malaria, autoimmune
diseases

Reference

(19-21)

(11,13,14,41)

Ebola, SARS, MERS (42-44)
Influenza, MERS, Ebola (45,46)
HCV, SARS, MERS (46-48)
Influenza, viruses A (49,50)
HSV, vzv (51)
AlIDS-related

cytomegalovirus (52)
infections

Ebola, Influenza,

AHINT) (53-55)
A wide range of (56-58)

viruses, including
human/animal
coronaviruses
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studies that lopinavir/ritonavir has anti-SARS-CoV activity and
Arabi et al. (21) have confirmed that they have anti-MERS-CoV
activity. They also have demonstrated that they can cure patients.

Early reports of lopinavir/ritonavir for the treatment of
COVID-19 are mostly case reports and small-scale retrospective,
non-randomized cohort studies, which makes it difficult to
detect the direct treatment effect of lopinavir/ritonavir. More
recently, Cao et al. (22) have reported open-label randomized
clinical trial results comparing the efficacy of lopinavir/ritonavir
with standard care in 199 patients with COVID-19. A study
conducted in South Korea reported that the viral load of a
COVID-19 positive patient decreased with lopinavir/ritonavir
treatment (23).

Favipiravir is currently one of the drugs that have undergone
clinical trials for the treatment of COVID-19. Favipiravir is a
new RNA-dependent RNA polymerase inhibitor. Favipiravir
is converted into an active phosphoribosyl form (favipiravir-
RTP) in cells and is recognized by the viral RNA polymerase
as a substrate, thereby inhibits RNA polymerase activity (24).
Therefore, favipiravir is thought to have a potential antiviral
effect on SARS-CoV-2, which is an RNA virus. There are a
limited number of clinical trials that support the use of favipiravir
for COVID-19. In a prospective, randomized, multicenter study,
favipiravir (n=120) was compared with Arbidol (n=120) for the
treatment of moderate and severe COVID-19 infections. On
the 7% day, clinical improvement differences were observed in
patients with moderate infection (71.4% favipiravir and 55.9%
arbidol, p=0.019). No significant difference was observed in the
severe or severe and moderate (combined) arms (25). In another
study conducted in China, considering the first results of a total
of 80 patients (including the experimental group and the control
group), favipiravir was shown to have a stronger antiviral effect
than lopinavir/ritonavirin (26).

Azithromycin is an antibiotic from the macrolide group with
a wide range of uses, especially for the treatment of gram-
positive cocci. Azithromycin has been shown to be active in
vitro against Zika and Ebola viruses and to prevent severe
respiratory infections when administered to patients who have
had a viral infection (27-29). Another study reported that the
combination of azithromycin-hydroxychloroquine (6/6, 100%)
in 6 COVID-19 patients resulted in numerically superior viral
clearance compared to hydroxychloroquine monotherapy (8/14,

57%) (30).

In addition to the medicines in the above guidelines, a few
more medicines attract attention. Of these, remdesivir, which
was developed for Ebola, is an antiviral drug with a nucleoside
analog and broad-spectrum anti-RNA (31) and shows broad-
spectrum antiviral activity against several RNA viruses. Animal
experiments (32) have shown that remdesivir can effectively
reduce viral load in lung tissue of MERS-CoV-2-infected mice,
improve lung function, and alleviate pathological damage in lung
tissue. Based on data collected in the iz vitro mouse cell culture
model, remdesivir has been found to affect NSP12 polymerase
in coronaviruses (23). Wang et al. (13) found that remdesivir
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strongly prevents SARS-CoV-2 infection at low micromolar
concentrations and has a high selectivity index. Holshue et
al. (31) reported that remdesivir gave promising results in
the treatment of a patient with COVID-19 in the USA. The
combination of remdesivir and chloroquine has been proven
to effectively inhibit the recently occurring SARS-CoV-2 as in
vitro. Currently, randomized, placebo-controlled, double-blind
phase III studies are being conducted on 761 patients in many
hospitals in Wuhan, the first place of outbreak. The results of
the trials are expected to be announced in the next few weeks
(33). An in vitro activity of oseltamivir, another neuraminidase
inhibitor, which is normally approved for influenza treatment,
has not been documented against SARS-CoV-2. In China,
the COVID-19 outbreak initially occurred during the peak
influenza season, so a large number of patients underwent
empirical oseltamivir therapy, not as a therapeutic intervention,
until SARS-CoV-2 was discovered (34). In current guidelines,
it is added to the treatment in viral pneumonia seen with
COVID-19 (35). Ribavirin is also one of the new drugs added to
the guidelines. It is a broad spectrum nucleoside analogue with
antiviral effects. One study compared 111 patients with severe
acute respiratory syndrome (SARS) treated with ribavirin and 41
SARS patients treated in combination with lopinavir/ritonavir
and ribavirin; Acute respiratory distress syndrome (ARDS) and
mortality risk were found to be lower in patients treated with
combined therapy (20). However, ribavirin was found to have
limited in vitro activity against SARS-CoV and was shown to
require high concentrations to inhibit viral replication, which led
to high dose and combination therapy (36). It is thought to have
limited use for COVID-19 treatment due to its efficacy data and
toxicity without ribavirin for other nCoV types (5). These drugs
require more clinical evidence before they are recommended.
Other drugs recommended for treatment are arbidol (an
antiviral drug available in Russia and China), intravenous
immunoglobulin, interferons, and plasma of patients recovered
from COVID-19 (37-39). Among the candidate drugs to treat
COVID-19, repositioning old drugs for use as antiviral therapy
is an interesting strategy because information on safety profile,
side effects, posology, and drug interactions is well known (40).

Discussion

For COVID-19, which started in December 2019 and spread
all over the world, scientists have made great progress in the
characterization of the virus, and vaccine-drug research that
can actively be effective in combating COVID-19 has also
accelerated. There is currently no proven antiviral specific for
COVID-19. Other drugs recommended for treatment are arbidol
(an antiviral drug available in Russia and China), intravenous
immunoglobulin, interferons, and plasma of patients recovered
from COVID-19 (37-39). Among the candidate drugs to treat
COVID-19, repositioning old drugs for use as antiviral therapy
is an interesting strategy because information on safety profile,
side effects, posology, and drug interactions is well known
(40). This indicates that although a pandemic is present, it is
necessary to continue the work against the same pandemic
with increasing difficulties. At present, more data are needed
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to further demonstrate the effectiveness of antiviral treatments
against the virus. In addition, studies are needed to investigate
the transmission and pathogenicity mechanisms that need to
be revealed. The most important issue is to reveal the molecular
mechanism of viral entry and viral replication for targeted
vaccine-drug studies.
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ABSTRACT

Severe acute respiratory syndrome coronavirus-2 is an important
infectious agent that was first detected in China, causing the
pandemic and death of thousands of people. Although the clinic of
this disease, called coronavirus disease-19 (COVID-19), is variable,
cytokine storm and different mechanisms can cause increased
mortality as a result of progressive and serious clinical presentations.
Since it belongs to a well-known group of viruses, researchers
have gained momentum after the isolation and the identification
of the features of the virus. Although specific drugs began to be
developed, the first potential candidate drugs were drugs such as
broad-spectrum antibiotics, antiviral agents, anti-parasitic agents,
and interferon, which were planned to be used with similar
indications before pandemic. Trials on all steps such as prophylactic
and supporting therapies, as well as care for critically ill patients
and vaccine investigation studies are still ongoing. The drugs used
in the light of the guidelines were frequently updated and some
changes were made as a result of reports on side effects and efficacy
evaluations. Especially in some drug combinations, side effects like
prolonged QT interval, drug-drug interactions, and restrictions on
the use of some drugs in the pediatric age group or pregnancy limit
the specific, evidence-based and reliable treatment. Although there
are many drugs in the trial phase for COVID-19 treatment, the most
promising and most effective drugs are discussed and summarized
under the light of national guidelines and clinical evidences with all
aspects of the literature.

Keywords: SARS-CoV-2, 2019-nCoV, COVID-19, drug treatment

oz

Siddetli akut solunum sendromu koronaviriis-2, ilk defa Cin'de tespit
edilmis, pandemiye ve binlerce insanin 8liimiine yol agmis 6nemli
bir enfeksiyon ajanidir. Koronaviriis hastaligi-19 (COVID-19) ad
verilen hastaligin klinigi degisken olmakla birlikte neden oldugu
sitokin firtinast ve farkli mekanizmalar, ilerleyici ve agur klinik
tablolar sonucunda dliimle sonuglanabilir. Viriisiin izolasyonundan
sonra dzelliklerinin tanimlanmasi ve iyi bilinen bir viriis ailesine
ait olmast nedeniyle arastirmalar hiz kazanmistr. Hedefe yonelik
uygun ilaglar gelistirilmeye baglansa da ilk potansiyel aday ilaglar,
pandemiden daha 6nce benzeri endikasyonlar ile iiretilmis olan
genis spektrumlu antibiyotikler, antiviral ajanlar, anti-parazit ajanlar
ve interferon gibi ilaglardir. Profilaksi, destekleyici tedaviler, kritik
hasta tedavisi ve ast {izerine calismalar devam etmektedir. Kilavuzlar
isiginda Snerilen ilaglarin kullanimi sonrasindan ortaya ¢ikan yan
etkiler ve etkinlik degerlendirmeleri sonucunda tedavi algoritmalar:
stkea giincellenmis ve bazi degisiklikler yapilmustir. Ozellikle baz1 ilag
kombinasyonlarinda QT siiresinin uzama potansiyeli tastmasi gibi
yan etkilerin olmast, ilag-ila¢ etkilesimleri, cocuk yas grubu ya da
gebelik doneminde kullanimiyla ilgili kisitlamalarin olmasi, ézgiin,
kanita dayali ve giivenilir bir tedavinin olmasini kisitlamaktadir.
COVID-19 tedavisi icin deneme asamasinda bircok ila¢ olmasina
ragmen, en umut verici ve en etkili ilaglar literatiirdeki tiim
yonleriyle ulusal kilavuzlar ve klinik kanitlar 1s1ginda tartisilmakea
ve dzetlenmektedir.
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Introduction

Coronavirus disease-2019 (COVID-19) is a pandemic and
worldwide growing public health problem. There is currently
no described specific established treatment for this disease. The
beneficial and appropriate drug should be specific, effective in its
highest level, proven with trials and suitable for pharmacological
treatment. As the pandemic spreads rapidly and causes deaths,
therapy is urgently becoming essential.

Some medicines which are utilized for other diseases, could
potentially be beneficial for severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2)
evidences. At this point, the therapeutic approach should be
based on infections coming from similar backgrounds with

infection without definitive

similar effects.

Structural parts of coronavirus (e.g. trimeric spike (S) protein,
viral DNA) or some parts from life circle (e.g. proteases,
hemagglutinin esterase, N'TPase/helicase, and endosomal pH
challenges ) are important target points for developing drugs (1)
(Figure 1).

The objective of this study is to examine drugs with a higher
level of evidence, which are recommended or started to be used
in COVID-19 treatment. Some of these medicines are known in
literature with similar indications from the past. Under the light
of current guidelines, these drugs are examined according to their
recommendation level and effectiveness in use.

General Palliative/Supportive Treatment

Since there is no specifically defined treatment for SARS-CoV-2,
the designated therapy should be appropriate for the clinical levels
specific to the condition of the patients. Symptomatic treatment
includes controlling high fever or pain with an antipyretic patch or
antipyretic-analgesic drug treatment. The treatment regimen could
be revised to comprehend a broad perspective. Supportive therapy
is vital in these patients. General supportive treatment strategies
for patients with mild symptoms are shown in Table 1 (2,3).

Medical Treatment with Drugs

There is a large number of drugs, which are still in the clinical
trial phase to be used in the treatment of COVID-19 disease.

Host-lung- cell |

Activation

Trimeric (S)

SARS-CoV-2 spike protein

r Endocytosis starts
(L

Envelop (E) protein
* Membrane (M) protein

"Hemagglutinin

Viral RNA esterase

Nucleocapsid protein «

Figure 1. The structural parts of SARS-CoV-2

ACE-2: Angiotensin converting enzyme-2, TMPRSS2: Transmembrane serine protease 2, SARS-CoV-2: Severe acute respiratory syndrome

coronavirus-2

Table 1. Supportive treatment options other than specific medications (3)

General treatment strategies
Bed resting

Ensuring sufficient calory
Adequate water intake
Paracetamol

ibuprofen

Cvitamin

N-aceytil cysteine

ECMO: Extracorporeal membrane oxygenation
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Supportive care steps in critical illness

Prevent and treat complications, underlying diseases
Secondary bacterial or fungal infection treatment
Complete fluid resuscitation

Lung protective ventilation strategy, O, support
Prone position ventilation, lung recruitment
Vasoactive drugs

ECMO
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Protease inhibitor
-Lopinavir/ritonavir (/+ ribavirin)
-Nelfinavir

-Camostat mesilate NI-03
-ASCO9 (/+ oseltamivir)
-ASCO9 (/+ ritonavir)
-Darunavir/cobicistat
-Flavopiridol

-Relacatib
Anti-protozoal
-Hydroxychloroquine
-Chloroquine

-Emetin

Nucleoside analogue
-Remdesivir

-Galidesivir
Immunosuppressant
-Mycophenolate mofetil

Kinase inhibitor

-Baricitinib
Ribonucleoside analogue
-Ribavirin

1.Drug

Corticosteroid +

Hydroxychloroquine +

Favipiravir +
Favipiravir +
Indinavir +
Interferon beta +
Lopinavir/ritonavir +
Lopinavir/ritonavir +
Ribavirin +
Ruxolitinib T+

Table 2. Classification of various drugs tried in COVID-19 (4,5)

Interferon

-Interferon beta 1A
-Interferon beta 1B
-PEG Interferon Lambda
-Interferon Alpha 2A
-Interferon Alpha 2B
-Interferon Alpha N3

RNA polymerase inhibitor

-Favipiravir
-Favipiravir + interferon-a

Nucleoside analogue + reverse transcriptase inhibitor
-Emtricitabine + tenofovir

Fusion inhibitor
-Arbidol (Umifenovir)
Steroid

-Hydrocortisone acetate

Table 3. Various combination therapies in COVID-19 d
2.Drug
Rapamycine
Azithromycin
Oseltamivir
Tocilizumab
Ritonavir
Mycophenolate mofetil
Ritonavir +
interferon beta
interferon beta

Mesenchymal stem therapy

Monoclonal antibody

-Tocilizumab

-Sarilumab (anti-IL6R)
-SAB-301

-CDC2-C2

-IFX-1

-M336

-REGN3051 /+REGN3048

Immunemodulator
-Colchicine
-Hiltonol (poly-I1C)
-Rintatolimod

Endonuclease inhibitor
-Baloxavir morboxil

NMDA inhibitor
-Ifenprodil
Neuraminidase inhibitor

-Oseltamivir

isease (4,5)
3.Drug

Ribavirin

Classification of drugs according to their effect mechanisms and
possible combination therapies being utilized are given in Tables

2and 3 (4,5).
Chloroquine

Chloroquine (CQ), a compound from class 4-aminoquinoline,
has been used to treat malaria effectively as a cheap treatment
based on its clinical safety.

CQ is also used for amebiasis, lupus erythematosus, Sjogren’s
syndrome and rheumatoid arthritis. Against rheumatoid arthritis,
it acts by inhibiting lymphocyte proliferation, phospholipase A2,
antigen presentation in dendritic cells, the release of enzymes

from lysosomes, reactive oxygen species from macrophages, and
production of interleukin (IL)-1 (6).

Lately, it was administered in CoV infections, SARS-CoV and
Middle East respiratory syndrome-CoV (MERS-CoV). It has an
effect on the immune system as an immunomodulating agent,
inhibits cytokine production by suppressing T-cell activation,
autophagy and lysosomal activity in antigen-presenting cells
by preventing antigen processing and major histocompatibility
complex class II-mediated autoantigen presentation to T-cells,
and diminishes viral replication. There are ongoing and finished
clinical trials on the use of CQ in COVID-19 disease because the
efficacy and safety of CQ is still unsatisfactory (7).
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Impaired terminal glycosylation of angiotensin-converting
enzyme-2 (ACE-2) (the cellular receptor of SARS-CoV) may
diminish the binding efficiency between ACE-2 on host cells
and the SARS-CoV spike protein. Consequently, the binding of
the virus to the receptors on the cells is interrupted and infection
is averted. CQ also acts as a zinc ionophore, that permits of
extracellular zinc insertion through the cell and inhibits viral

RNA-dependent RNA polymerase (7).
Chloroquine vs Hydroxychloroquine?

CQ is used as phosphate and sulfate salt and it is stored in high
concentrations in the liver, kidney, spleen, lungs and leukocytes.
The half-life varies between 70 and 120 hours depending on the
dose. It is slowly excreted from the body (8). The EC50 of CQ
for SARS is 4.4 to 8.8 uM in in vitro, indicating that CQ could
be more potent against COVID-19 than SARS (9).

In a study including 100 patients, CQ inhibited the exacerbation
of pneumonia, promoted the conversion of the polymerase chain
reaction test to a negative and shortened disease period however
more detailed data were not reported (10).

Hydroxychloroquine, is an analogue of CQ, diverges from
CQ with a single hydroxyl group attached to the end of the
chain, by the way it provides low ocular toxicity. Nowadays,
it is used more frequently due to the much lower side effects.
Hydroxychloroquine has been shown more potent in vitro activity
against SARS-CoV-2 than CQ. EC50 of Hydroxychloroquine is
0.72 uM for SARS-CoV-2 (8,11).

Although there are many data streams from all over the world,
some of them indicate efficacy and acceptable safety for CQ
in COVID pneumonia (5,10). In addition to that 23 trials are
continuing, all in China. The trials are differed in study design,
the severity of COVID-19 in the target group and application
route and duration of the treatment (8).

A Chinese single center clinical trial (ChiCTR2000030417)
which is not recruiting yet (n=30, 15/15); is comparing CQ
phosphate as an aerosolized inhalation solution to water for
atomized inhalation group (12).

In a clinical trial of 36 patients; a significant reduction of the
viral carriage has been evidenced at day 6" after inclusion
compared to controls with much lower average transfer
duration compared to that of reported untreated patients in
literature. This trial also shows decreased SARS-CoV-2 shedding
with hydroxychloroquine treatment. The combination of
hydroxychloroquine and azithromycin has a synergistic effect
with a more efficient virus elimination, which, also provides viral
carriage reduction. The clinical outcome is good (13).

In a limited study, 368 African American veteran males of
different severity stages of COVID-19 disease were retrospectively
evaluated. In all 3 groups; application of hydroxychloroquine
and azithromycin, alone each or in combination, did not cause
a significant decrease in the need for respiratory support and the
number of deaths after ventilation. The increased risk of mortality
was observed in the hydroxychloroquine group compared to the
groups without hydroxychloroquine administration (14).
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A study analysis with a multinational registry that was later
retracted in June due to insufficient data advocated the restriction
of hydroxychloroquine and CQ administration because of
increased cardiovascular mortality detected in COVID-19
patients (15).

Dosing of Chloroquine

Dose arrangement is necessary between CQ phosphate and
CQ base since 250 mg of the first one corresponds to 150 mg
of the second. Based on pharmacokinetic modeling, a study
recommends a dose for hydroxychloroquine 400 mg twice
daily for the first day, then 200 mg twice daily for 4 days in the
treatment of COVID-19, as it reached three times the potency
of CQ phosphate when given 500 mg twice daily for 5 days (8).

Italian Society of Infectious and Tropical Disease, advises using
CQ 500 mg twice a day or hydroxychloroquine 200 mg/day for
10 days and suggests adjusting treatment duration from 5 to 20
days, in line with the clinical severity (4).

For pediatric patients, it was also recommended in COVID-19
guideline of the Turkish Ministry of Health in different dosing
regimens, 6.5 mg/kg/dose twice for the first day [maximum
(max) 400 mg] and 3.25 mg/kg/dose twice for 2-5 days (16).

Side effects of CQ and some clinical conditions to be considered
are shown in Tables 4 and 5, respectively (16,17).

Chloroquine in Pregnancy and Lactation

CQ has not been found to increase the risk of adverse fetal events
or any harmful effects on the fetus when used in recommended
doses for malarial prophylaxis, according to the American
Centers for Disease Control and Prevention (CDC) guidelines.
CQ and its metabolites pass the breast milk and placenta. It can
be noticed in the cord blood and urine of the newborn infants
(18).

There is not certain assigned pregnancy category by the Food
and Drug Administration (FDA).

For children infected by SARS-CoV-2, there is no recommended
dosage of CQ thus far. A dose of 50 mg/kg CQ refers to an acute
poisoning and it can be fatal. In a report CQ serum concentration
>25 umol/L was considered as a predictor of lethality (18).

Mefloquine

As positive results have been published regarding the use of anti-
malarial drugs in the treatment of COVID-19, recommendations
began to emerge about another anti-malarial drug, mefloquine.

Mefloquine was found to have anti-viral activity against both
MERS-CoV and SARS-CoV. The EC50 value of mefloquine is
7,416 for SARS-CoV and hydroxychloroquine sulfate is 7,966,
CQ diphosphate is 6,538 (19).

Pangolin coronavirus GX-P2V is a workable model for SARS-
CoV-2 research and the study has shown that mefloquine
hydrochloride is a potential drug for treating SARS-CoV-2
infection (20).
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Table 4. Side effects of chloroquine (17)

Unwanted/uncontrolled movements (including tongue and face twitching)

Deafness or tinnitus

Nausea, vomiting, diarrhea, abdominal cramps
Headache

Shortness of breath

Swelling legs/ankles, muscle weakness

Mental/mood changes (such as confusion, personality changes, unusual thoughts/behavior, depression, feeling being watched, hallucinating)

Signs of serious infection (such as high fever, severe chills, persistent sore throat)

Skin itchiness, skin color changes, hair loss, and skin rashes
Unpleasant metallic taste
Electrocardiographic changes*

Chloroquine retinopathy**

Pancytopenia, aplastic anemia, reversible agranulocytosis, low blood platelets, neutropenia, severe hypoglycaemia

*Electrocardiographic changes include conduction disturbances (bundle-branch block, atrioventricular block) or cardiomyopathy. Hypertrophy, restrictive physiology,
and congestive heart failure often accompany the conditions which may be irreversible. Only two cases have been reported requiring heart transplantation,
suggesting this particular risk is very low. Electron microscopies of cardiac biopsies show pathognomonic cytoplasmic inclusion bodies (67).

**Generally, chloroquine accumulates in retinal pigment cells and corneal epithelium. Accumulation in the cornea cause blurred vision; however, when the treatment
is stopped, this effect will disappear but retinopathy tends to progress and can lead to permanent vision loss.

Table 5. Note some clinical situations before or simultaneously or afterwards proposing use of chloroquine (17)

Rule out the development of anemia, thrombocytopenia or leukopenia

Serum electrolyte disturbances

Hepatic and renal function dysfunction

Routine electrocardiography were recommended (rule out the development of QT interval prolongation or bradycardia)

Patient interviews to seek the appearance of visual and/or mental disturbance/deterioration

Avoid concurrent administration of other drugs known to prolong the QT interval (i.e. kinolones, macrolides, ondansetron) as well as various

antiarrhythmic, antidepressant and antipsychotic drugs

Drug-drug interactions

Ask about G6PD deficiency; hepatic impairment, porphyria, seizure disorder*

*Use with caution in these patients; may exacerbate disease symptoms

Also, clinical trials are ongoing, about prophylaxis, efficacy,
and safety of mefloquine. CDC suggests the anti-malarial drug
mefloquine for pregnant women based on the recent FDA re-
categorization of mefloquine from a pregnancy category C drug
to category B.

Remdesivir

Remdesivir (GS-5734) is a mono phosphoramidate prodrug of
an adenosine analog and it is manufactured by Gilead Sciences.
It inhibits viral RNA polymerases activity of RNA virus families.
It inhibits SARS-CoV and MERS-CoV replication in multiple
in vitro systems, including primary human airway epithelial cell
cultures at submicromolar IC, | values. This drug has also shown
activity in a rhesus macque model of MERS-CoV infection.
Remdesivir has been currently in clinical trials for the treatment
of Ebola virus disease (11).

There has not been yet clearly stated any evidence of safety,
optimal dosing, or effectivity for the treatment of COVID-19
disease, only in vitro activity against SARS-COV-2 has been

shown (11). Under the light of the latest literature data, FDA has
approved the use of this drug in COVID-19 on 1* of May, 2020
(emergency use authorization). The extensive guide published
by the FDA provides detailed information about administration
and side effects due to elevated transamine levels in the blood
and infusion site reactions (21).

Immediately after remdesivir was approved by Japan on May
7, some trials like National Institute of Allergy and Infectious
Diseases (NIAID) trial have resulted in some data as the drug
helped patients heal faster than standard care, indicating it could
become the first efficient therapy for the illness (22).

In a mouse model of SARS-CoV pathogenesis, the prophylactic
and early therapeutic use of remdesivir markedly decreased lung
viral load and improved clinical condition besides respiratory
functions (11).

Airway resistance or accumulation of debris in the airway was
markedly (p<0.05) elevated in vehicle-treated animals (mice)
as compared to those treated with GS-5734. Prophylactic

109



Arsoy and Ozdemir. Therapeutic Interventions for COVID-19

administration of GS-5734 mitigated lung virus titers, improved
lung function, and ameliorated symptoms of COVID-19. On
the other hand, therapeutic post-exposure administration of GS-
5734 appeased illness in this wide spectrum trial (23).

In an unpublished trial, which consists of 12 infected rhesus
macaques with SARS-CoV-2, the treated group with remdesivir
was significantly healthier than the untreated group and had a
less viral load and less damage in lungs (24).

Fifty-three patients’ data from multicenters were involved in
a trial of compassionate use of remdesivir without any control
groups. There were 2 deaths because of adverse effects resulting
in liver and renal failure. Thirty-two patients (60%) were
developed adverse events during the treatment period. The
most common adverse events were increased hepatic enzymes,
diarrhea, rash, renal impairment, and hypotension. Generally,
adverse events were more severe in critical cases such as -multi-
organ-dysfunction syndrome, septic shock, and hypotension

(25).

There is an evidence of in vivo administration of remdesivir for
prophylactic and therapeutic use against MERS-CoV infections
in mice. Remdesivir improves pulmonary function and severe
lung pathology, as well as reduces viral titers in the lung (26).
Further, experiments in mice using remdesivir showed higher
efficacy than lopinavir/ritonavir + interferon (IFN)-f (27).

Moderate or severe ill COVID-19 cases with respiratory problems
who received remdesivir, recovered quickly than similar patients
who received placebo, according to a preliminary data analysis
from a randomized, controlled trial including 1063 hospitalized
patients (28).

In contrast, in a double-blind randomized trial including
237 Chinese patients with severe COVID-19 (hypoxia and
radiographically confirmed pneumonia), duration to clinical
healing was not statistically different with remdesivir compared

to placebo for 10 days (29).

NIAID investigates therapeutics, as there is not a clear dose
regimen schema for adults and adolescents with acute Ebola
virus disease, it suggests as following; single remdesivir 200 mg
IV loading dose on the first day of treatment followed by 9 to
13™ day (if virus has still been detectable in plasma) once daily
100 mg IV maintenance dose. It has an intracellular half-life of
longer than 35 hours.

For pediatric patients with body weight <40 kg, a body weight-
based dosing regimen of one loading dose of remdesivir 5 mg/kg
IV (max 200 mg) on day 1, followed by 2.5 mg/kg/dose IV once
daily (max 100 mg) was used in 41 pediatric patients involving 2
neonates who were in a phase 3 Ebola trial (30).

Ribavirin

Ribavirin, a guanine analogue, which inhibits viral RNA-
dependent RNA polymerase in other coronaviruses, is also
a candidate for COVID-19 treatment. Nowadays, only in

vitro data is available regarding the activity of ribavirin on SARS-
CoV-2. Ribavirin seems to be less potent iz vitro than CQ and
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remdesivir (11). In a systematic review of ribavirin treatment in
patients infected with SARS-CoV, 26 trials were inconclusive,
and 4 showed potential harm as in Canada 2003. Additionally,
it decreased the amount of hemoglobin as a side effect in cases
needing respiratory support (27,31).

An open-label study resulted in 2004, compared a historical
control group of 111 cases who were administered only ribavirin
with 41 cases who were received a combination of lopinavir/
ritonavir (400 mg/100 mg) and ribavirin. Ribavirin alone had no
significant beneficial effect in reducing adverse clinical outcomes

such as death and reducing the viral load of SARS-CoV (32).

Interferons

Interferons have antiviral properties and they have been evaluated
as a potential treatment for COVID-19 disease but with lack
of data in this regard. Some clinical trials have not been yet
published or concluded, support of using interferons, alone or
in a combination.

A clinical trial of 350 critically ill patients with MERS-CoV was
evaluated. Mortality rates were higher in patients who received
ribavirin and interferon than compared to the group without
any medication (33). In 301 patients with ARDS, intravenous
IFN-B1-o. administration had almost same ventilation time
and mortality rate compared to placebo (34). IFN-f3 is better
tolerated in terms of its side effects than IFN-a.

Lopinavir/Ritonavir

Lopinavir, a repurposed drug for the treatment of MERS-CoV
and SARS-CoV, is an antiretroviral medicine primarily used
for human immunodeficiency virus (HIV) infection (27,32).
Lopinavir is combined with ritonavir, which inhibits the
cytochrome p450, by the way plasma half lifetime of lopinavir
is extended.

As it has been used for the treatment of HIV-positive pregnants,
there is a wide experience for good safety. Although lopinavir
is found in the breast milk at a much lower amount, according
to World Health Organization (WHO) guidelines, several safer
treatment options are recommended to treat HIV-infected
mothers (35). It was also recommended by Turkish Ministry of
Health, COVID-19 guidelines for use in pediatric patients (16).

According to a clinical trial of the combination of lopinavir/
ritonavir with ribavirin or IFN-a., viral load was reduced, and
survival improved among SARS and MERS patients (32,36).

Retrospective comparative analysis in MERS, lopinavir/ritonavir
ensured ARDS or death reduction from 28% to 2.4% (27).

A randomized clinical trial was compared lopinavir-ritonavir
therapy and standard-care therapy in hospitalized SARS-
CoV-2 infected patients. There was no clinical improvement or
difference in mortality at 28 days or detectable viral RNA load at
various time points. Nevertheless, gastrointestinal adverse events
were more common. Although skin eruptions, QT prolongation,
pancreatitis, drug interactions due to CYP3A inhibition was
observed in the lopinavir-ritonavir group, serious adverse
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events/complications such as ARDS or acute kidney injury and
pneumothorax was more common in the standard-care group

(37).
Favipiravir

Favipiravir  (T705) is a purine nucleic acid analog of
pyrazine carboxamide derivative (6-fluoro - 3-hydroxy - 2-
pyrazinecarboxamide), which is an antiviral drug developed for
the treatment of influenza and it was used during the Ebola virus
outbreak. It increased the survival rate and reduced viral load in
Ebola virus-infected patients. Nowadays, it is being evaluated for
the safety and efficacy in patients with COVID-19 (38). So far
registered clinical trials are expected to be beneficial. Clinical
trials are ongoing about different dosing regimens of favipiravir
alone or combined with tocilizumab, CQ, IFN-a and, other
antiviral treatments for the use of COVID-19 disease. In a
clinical trial, no evidence of difference in the improvement of
patients’ condition between favipiravir and arbidol treatment has

been shown (39).

For dosing there is a preliminary iz vitro and preclinical data
from China that the regiment of 3,200 mg/day loading dose
on day 1, followed by 1,200 mg maintenance dose on day 2
to day 14 is effective or, a loading dose is recommended (2400
mg to 3000 mg every 12 hours, 2 doses/day) and followed by a
maintenance dose (1200 mg to 1800 mg every 12 hours). The
half-life of favipiravir is approximately 5 hours (40).

Corticosteroids

ARDS is the major lethal clinical picture due to SARS-CoV-2
infection. Corticosteroids can reduce the host inflammatory
responses in the lungs with potent anti-inflammatory effects and
a potential therapeutic role in suppressing cytokine-associated
lung damage with acute lung injury.

During community-acquired pneumonia, the effect of
corticosteroid treatment was investigated through the systematic
review and meta-analysis of randomized trials. Reduced
parameters were found to be mortality (3%) and mechanical
ventilation support (5%), and length of hospital stay (about 1

day) (41).

Generally, there is no certain data came up to expect that
COVID-19 disease will benefit from corticosteroids. On the
other hand, their harmfulness must not be ignored. Some
authors conclude that corticosteroid treatment should not be
administered for COVID-19-related lung injury treatment or
shock without conducting clinical trials. WHO guideline also
recommends not to use systemic corticosteroids for the treatment
of any viral pneumonia except during clinical trials (42).

The Chinese Thoracic Society has published an expert consensus
declaration involved fundamental principles when utilizing
corticosteroids in SARS-CoV-2 pneumonia: the benefits and
harms should be weighed prior to administering corticosteroids,
corticosteroids should be used carefully in advanced stages
of illness with SARS-CoV-2 pneumonia, for patients with
hypoxemia due to COVID-19 or who regularly use corticosteroids

for chronic diseases for further use of corticosteroids should
be cautious, and the dose regimen should be low-to-moderate
(<0.5-1 mg/kg/day methylprednisolone or equivalent) and the
therapy period should be less than almost 7 days (43).

Infectious Diseases Society of America Guidelines recommends
corticosteroid administration in the patients who hospitalized
with ARDS due to COVID-19, not all the hospitalized COVID

pneumonia (44).

In contrast, different meta-analysis results of 528 patients
showed that prolonged corticosteroid therapy is more effective in
severe community-acquired pneumonia to reduce the mortality
and risk of ARDS (45). In a systematic review consisting steroid
use in 29 COVID-19 patients, 25 were inconclusive and 4 were
categorized as causing possible harm (31).

In addition, increased mortality was observed due to the early
administration of corticosteroids in 241 patients with Influenza-

associated ARDS (46).

Corticosteroid administration should be evaluated on a case-
by-case basis, based on the patient’s disease status and severity,
indication and underlying medical condition. More clinical
research and data are needed.

Vitamin C

Beyond antiviral and antioxidant properties, vitamin C has
effects on immune system response. It avoids epithelial water-
channel damage due to the limitation of active neutrophil
migration to alveolar medium and support for the development
of more channels. It is caused by the enhancement of alveolar
fluid clearance. Also, it abates lipopolysaccharide-induced acute
lung injury.

Short-term  high-dose vitamin C in selected patients may
improve hemodynamic parameters, decrease fluid resuscitation
requirements, reduce the incidence of perioperative atrial
fibrillation, improve pain, and potentially reduce sepsis-
associated mortality. High-dose intravenous vitamin C has also
been successfully applied to 50 moderate to severe COVID-19
cases. The oxygenation index was healed in real time and all the
cases finally cured (47).

On the other hand, the concern that may occur with high-dose
vitamin C therapy is osmotic cell death of immune cells, but not
apoptosis, which could generate a local inflammation in alveolar
space. Accordingly, intravenous glucocorticoid treatment must
be performed to limit possible inflammatory damage of high-
dose vitamin C therapy (48).

Also, analysis of the CITRIS-ALI study has shown the efficacy of
high dose vitamin C (50 mg/kg /6 hrs.) in preventing mortality
from acute lung injuries as compared to placebo. This should be
considered for evaluation in COVID-19 treatment (49).

Teicoplanin

Teicoplanin is a glycopeptide antibiotic used in the treatment
of gram-positive bacterial infections, especially staphylococcal
infections. Teicoplanin acts on an early stage of the coronaviruses
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and also SARS-COV-2 life cycle by inhibiting the low-pH
cleavage of the viral spike protein by cathepsin-L in the late
endosomes, thus avoiding the dissemination of genomic viral
RNA and proceeding the virus replication cycle. Recently an
experiment showed that this activity was conserved against
SARS-CoV-2 (the target sequence that serves as the cleavage site
for cathepsin L is conserved among SARS-CoV spike proteins)
(50). Once these preliminary results have been confirmed in
a randomized clinical trial, teicoplanin will be useful for the

treatment of COVID-19 (51).
Tocilizumab

Tocilizumab, an IL-6 receptor-inhibiting monoclonal antibody,
was first approved by FDA for the treatment of rheumatoid
arthritis, juvenile idiopathic arthritis, giant cell arteritis,
and chimeric antigen receptor T-cell-induced severe or life-
threatening cytokine release syndrome. The beneficial effect is
against the amplified pathological hyperactivity of the immune
response observed in COVID-19.

According to a study of 21 patients with severe or critical
COVID-19, partial improvement in clinical condition and
CT scan image was shown after administration of 400 mg
tocilizumab mostly once, in addition to their routine care (52).
There are 14 ongoing clinical trials about using tocilizumab for
COVID-19 in different dose regimens, alone or in combination,
administered intravenously within no less than 60 minutes (53).

The Chinese National Health Commission guidelines suggested
using tocilizumab in the management steps of severe COVID-19
with widespread bilateral lung disease and elevated IL-6 (5). The
SIMIT Lombardy section guidelines recommended tocilizumab
in critically ill patients with ARDS. Side effects can be allergic
reactions, fever, chills, increased risk of serious infections, or
bleeding, gastritis, liver damage and hepatic failure, leukopenia,
neutropenia, thrombocytopenia, muscle weakness, dyspnea,
hypertension, etc (4).

Monoclonal antibodies are actively transported across the
placenta during the last trimester (pregnancy category C). It
is a large protein molecule, the amount in breast milk is likely
to be very low and absorption is unlikely because it is probably
destroyed in the infant’s gastrointestinal tract (52).

Emetine

Emetine is a protein synthesis inhibitor that was used as anti-
protozoan approved for the treatment of ameobiasis, it also
inhibits malaria by binding to the ribosomal E site of Plasmodium
Jalciparum. However, it has been used less frequently over the
years because it has a significant cardiotoxic effect.

Emetine has antiviral efficacy against a wide range of RNA and
DNA viruses and inhibits human CoV iz vitro with EC reported
at low micromolar. Also, emetine was observed at nearly 0.5 uM
efficiently interrupting SARS-CoV-2 virus replication in Vero E6
cells (54).
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Ivermectin

It is confirmed by the FDA as a broad-spectrum anti-parasitic
effect for the treatment of cutaneous larva migrants. In recent
studies, ivermectin has been shown to have an in vitro effect on
SARS-CoV-2 caused by reduction in viral RNA without causing
any toxicity raised from the nuclear importin-a/p-mediated
transport inhibitory activity. Clinical trials are underway that
explore the efficacy of ivermectin alone by real-life experience
or combination with hydroxychloroquin and azithromycine,
nitazoxanide. Due to their consequential and synergistic
manner, ivermectin is recommended as a proposition to use in
combination with hydroxychloroquine with no serious drug-
related adverse events (55).

In a clinical study 1400 hospitalized SARS-CoV-2 infected
patients were treated with 150 mcg/kg of ivermectin once while
the second group (control group) adhered to the treatment
protocol (not included ivermectin). It was found that there was a
decrease in hospitalization period and mortality in the ivermectin

group (506).
Oseltamivir

Oseltamivir is a neuraminidase inhibitor that has a proven
beneficial effect on prophylaxis and treatment of influenza. It has
taken its place among the treatment alternatives of COVID-19
due to its low side effects such as nausea and vomiting. There isn’t
any identified enzyme or mechanism indicating the effectivity of
oseltamivir on coronavirus. Thus, its mechanism of action is not
clear. Even so, it has participated in combinations of antiviral
therapy in China (57). Trials evaluating only combination
regimens are underway.

Intravenous Immunoglobulin and other Inmunomodulator

Agents

Intravenous immunoglobulin (IVIG) has many indications
as a part of combination therapies in treatment of several
diseases including adjuvant therapy in a more pathogen-focused
(hyperimmune) form.

Convalescent (immune) plasma is a kind of plasma obtained
from the patients recently recovered SARS-CoV-2 infection. It
has been accepted as passive antibody therapy in the other CoV
infections as well. The issues are regarding its application quantity
to appropriate patients. It is recommended to be used in the last-
line treatment group, especially in critically ill patients (58).
Nevertheless, there are few case reports regarding administration
of IVIG for COVID-19 treatment (58). The results of 7 trials of
convalescent plasma or IVIG on the SARS-infected patient were
inconclusive (31).

During the SARS outbreak, approximately 30% of critically
ill patients developed venous thromboembolism despite the
prophylactic use of low-molecular weight heparin. It was
supposed to be developed due to the IVIG-induced increase of
viscosity in hypercoagulable states of SARS patients (59).

Although there are different views about the use of IVIG, a
study was conducted in 58 SARS-CoV-2 infected patients. IVIG



Bezmialem Science 2020;8(Supplement 3):105-16

administration within 48 hours of admission of the patients to
the intensive care unit, has been shown to be effective in reducing
the use of mechanical ventilation, hospital length of stay and
mortality of patients with severe COVID-19 pneumonia (60).

Immunomodulatory agents can be necessary before multi-organ
dysfunction to attenuate systemic inflammation. Corticosteroids
may use in compatibly with cytokine inhibitors such as
tocilizumab or anakinra (IL-1 receptor antagonist). Generally,
recovery from this advanced severe stage of illness is rare, and
immediate recognition of condition and administration of such
therapy may be the most vital point (61).

Hemophagocytic lymphohistiocytosis (HLH), is a severe and
rare condition which can be develop in no more than 0.25-
1% of COVID-19 patients during cytokine storm syndrome.
Corticosteroids, IVIG, tocilizumab, anakinra, JAK inhibitors
and even chemotherapeutics can be used for treatment of HLH.
IVIG treatment can be administered for 2 days at the dose of 2
g/kg/day with immunoglobulin level monitoring (should not be

used in IgA deficiency) (16).

COVID-19 Treatment Guidelines Panel suggests not to
use the following drugs for the treatment of COVID-19:
The combination of hydroxychloroquine plus azithromycin
because of the potential for toxicities and lopinavir/ritonavir
or other HIV protease inhibitors because of unfavorable
pharmacodynamics and negative clinical trial data. Except in
the context of a clinical trial, the Panel advised against the use
of other immunomodulators, such as IFNs, because of lack of
efficacy in the treatment of SARS and MERS and their toxicity
and Janus kinase inhibitors (e.g., baricitinib), due to their broad
immunosuppressive effect (62).

Umbilical Cord Mesenchymal Stem Cell

Transplantation

According to the clinical data, UC-MSCs and MCS have anti-

inflammatory, immunomodulatory and antimicrobial actions,

(UC-MSC)

thereby, it can heal damaged tissues. The target tissue for stem
cells is where they are caught by the lungs, as this is a favorable
condition for COVID-19 treatment.

The clinical condition of elderly patients or patients with
secondary comorbidities may progress worse and may not
response to conventional treatment. For critically ill patients,
infected with SARS-CoV-2, MSC therapy is the last resort and
it can save lives. Unfortunately, even if MCS treatment has
been previously attempted in different diseases, it is a new and
inexperienced treatment method for COVID-19 (63).

In a clinical study presenting positive responses of seven
COVID-19 pneumonia patients to MSC, genetic examination
showed that MSCs are negative for ACE2 and the cellular
protease TMPRSS2, which are known to be exempt from
COVID-19 infection. Bone marrow, lymph nodes, thymus,
and the spleen, immune cells, such as T and B lymphocytes,
and macrophages were consistently negative for ACE2, as well.
Therefore, intravenous transplantation of MSCs is likely to be

a safe and effective option for the treatment of patients with
COVID-19 pneumonia at the critically severe stage (63,64).

Vaccine Developments

It is necessary to overcome various difficulties to succeed in
vaccine production. Many vaccine studies are carried out
worldwide in accordance with phase 1 through phase 4 trial steps

(65).

Moderna, Inc. is manufacturing therapeutics and vaccines
for infectious diseases, immuno-oncology, rare diseases and
cardiovascular diseases with collaborators as the Vaccine Research
Center at the NIAID. mRNA-1273 is an mRNA vaccine,
developed by Moderna, against SARS-CoV-2 encoding for a
prefusion stabilized form of the Spike (S) protein. mRNA-1273
inhibits viral replication in the lungs of mice in the responding
stage to SARS-CoV-2 infection. It is finalizing the protocol for a
Phase 3 trial, phase IV “post-approval” studies will probably start
in July 2020 (65,60).

Conclusion

Currently, no specific treatment has been approved by the FDA
in the treatment or prophylaxis of COVID-19 disease, except
for Remdesivir. Despite the claim in medical literature and some
clinical studies regarding the achievement of cure in COVID-19
patients using various therapeutics, appropriate clinical research
results are needed to identify optimal treatments for COVID-19.

For the current clinical management, supportive care is
recommended, including infection prevention and control
measures and respiratory support when indicated. As with
general patient management, the healthcare provider makes
decisions based on the patient’s condition and characteristics.
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Potential Treatment Approaches to SARS-CoV-2 and
Evaluation of Drug Carrier Systems in Treatment

SARS-CoV-2'ye Yonelik Potansiyel Tedavi Yaklasimlarive ilac Tastyici Sistemlerin
Tedavide Degerlendirilmesi
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ABSTRACT

The severe acute respiratory syndrome-coronaviruse-2 (SARS-
CoV-2) genome is packaged in a helical nucleocapsid surrounded
by a lipid bilayer. The virus envelope contains at least three viral
proteins called spike protein (S), membrane protein (M) and
envelope protein (E). While M and E form the structure of the
virus, S protein is the leading agent of the entry of viruses into the
host. Angiotensin converting enzyme-2 (ACE-2) has been identified
as a functional receptor for coronaviruses, including SARS-CoV
and SARS-CoV-2. Viral fusion is the main step in the onset of
SARS-CoV-2 infection. It is thought that drugs that prevent spike
protein and ACE-2 fusion, drugs acting on the renin-angiotensin-
aldesterone system, and a high dose ACE-2 can act on this fusion
mechanism and take part in COVID-19 treatment. In this context,
especially nano-sized liposomal carriers attract attention due to
their biocompatibility and cell-like structures in the treatment of
infectious diseases. There are studies in which liposomes are also
used as a secondary therapeutic to support traditional anti-infective
drugs. In this review, therapeutic approaches that may reduce and
treat the severity of the disease by preventing ACE-2 mediated entry
of viruses are discussed.

Keywords: COVID-19, SARS-CoV-2, liposomes, COVID-19

treatment

oz

Siddetli akut solunum yolu enfeksiyonu sendromu-koronaviriis-2
(SARS-CoV-2) genomu, lipit cift tabakast ile gevrelenen sarmal bir
niikleokapsid icine paketlenmistir. Viriis zarfi, spike proteini (S),
zar proteini (M) ve zarf proteini (E) olarak isimlendirilen en az iig
viral protein icermektedir. M ve E viriisiin yapisint olustururken,
S proteini viriislerin konakgiya girisinin 6nde gelen aracisidir.
Anjiyotensin  donistiiriicii enzim-2 (ACE-2), SARS-CoV ve
SARS-CoV-2 dahil koronaviriisler icin fonksiyonel bir reseptdr
olarak tanimlanmistr. Viral fiizyon SARS-CoV-2 enfeksiyonunun
baslangicinda temel adimi olusturmaktadir. Spike protein ve ACE-
2 fiizyonunu engelleyen ilaglarin, renin-anjiyotensin-aldesteron
sistemi iizerine etki eden ilaclarin ve ekses dozda ACE-2’nin bu
flizyon mekanizmast tizerine etki ederek COVID-19 tedaviside
yer alabilecegi diisiiniilmiistii. Bu baglamda 6zellikle nano-
boyutlu lipozomal tasiyicilar, enfeksiydz hastaliklarin tedavisinde
biyo-uyumluluklari ve hiicreye benzer yapilari nedeniyle dikkat
cekmektedir. Lipozomlarin  gelencksel — anti-enfekeif ilaglar
desteklemek i¢in ikincil bir terapétik olarak da  kullanildigt
calismalar bulunmaktadir. Bu derlemede viriislerin ACE-2 aracil
girisini engelleyerek hastaligin siddetini azaltma ve tedavi etme
ihtimali olan terapétik yaklasimlar ele alinmustir.
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Introduction

Coronaviruses (CoVs) are enveloped, positively charged single-
stranded RNA viruses that can cause infection in humans and
animals. In 2003, the highly pathogenic and severe respiratory
infection virus, called severe acute respiratory syndrome (SARS)
virus (SARS-CoV), emerged in China and spread rapidly
around the world. On December 29, 2019 Symptoms of lung
infection (pneumonia) developed in four people working in a
market selling seafood and live animals and other people who
visited the same market on the same days in Wuhan, China.
Later on researches showed that the cause of the infections
was from a newly introduced coronavirus species. This virus
has been named the new Coronavirus-2019 (COVID-19) (2).
Later, it was officially named SARS-CoV-2 by the World Health
Organization (WHO) (3). CoVs are enveloped, globular or
polymorphic viruses ranging in size from 80-120 nm. It has a
5’ capped, single stranded positively charged RNA genome, with
26.2-1.7 kb in size and is the longest of all RNA viruses. CoVs
present a crown appearance under electron microscopy due to the
presence of pin-like glycoproteins on the lipid envelope. For this
reason, it was named “corona”, which means crown in Latin (4).

There are four classes of CoVs called alpha, beta, gamma, and
delta (5). Genomic characterization studies show that alphaCoV
and betaCoVs originate from bat and rodents. Members of this
virus family cause respiratory, enteric, hepatic, and neurological
diseases in different animal species, including camels, cattle, cats
and bats. To date, seven human CoV (HCoV) that can infect
humans have been identified. Some HCoVs were detected in
the mid-1960s, others more recently. Studies show that HCoVs
causes common cold mainly during winter with 4%-15%
prevalence. These viruses are HCoV-OC43, HCoV-HKUI,
HCoV-229E and HCoV-NL63. While these viruses cause colds
and upper respiratory tract infections in individuals with strong
immune systems, they cause lower respiratory tract infections in
immunocompromised individuals and in elder individuals (4).

The Betacoronavirus class includes severe acute respiratory
syndrome (SARS) virus (SARS-CoV), Middle East respiratory
syndrome (MERS) virus (MERS-CoV), and the COVID-19
causative agent SARS-CoV-2. Similar to SARS-CoV and MERS-
CoV, SARS-CoV-2 attacks the lower respiratory system to cause
viral pneumonia, but it may also affect the gastrointestinal system,
heart, kidney, liver, and central nervous system leading to multiple
organ failure. Mortality rates from SARS-CoV and MERS-CoV
are 10% and 35%, respectively. Current information shows that
SARS-CoV-2 is more contagious than SARS-CoV. As with other
respiratory pathogens, including flu and rhinovirus, transmission
of SARS-CoV-2 is believed to occur through respiratory droplets
from coughing and sneezing. Acrosol delivery also occurs when
exposed to high aerosol concentrations over long periods of time in
closed areas. Based on research from the first cases in Wuhan, it has
been observed that the incubation period from the transmission of
infection to the occurrence of symptoms can be up to 2 weeks.

The SARS-CoV-2 genome is packaged in a helical nucleocapsid
surrounded by a lipid bilayer (6). Like other CoVs, it is sensitive
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to ultraviolet rays and heat. Also, these viruses can be effectively
inactivated with lipid solvents including ether (75%), ethanol,
chlorine-containing  disinfectants, peroxyacetic acid and
chloroform, excluding chlorhexidine (4). The virus envelope
contains at least three viral proteins called spike protein (S),
membrane protein (M) and envelope protein (E). While M and
E proteins form the structure of the virus, the S protein promotes

the entrance of the virus into host cells (6).

Viral entry is based on a subtle interaction between the virus
and the host cell. Infection begins with the interaction between
host cell surface and S proteins of virus. After initial contact with
the host cell receptor, enveloped viruses must fuse their envelope
with the host cell membrane to deliver their nucleocapsids to the
cytoplasm. The S protein plays a dual role in entry into the host
cell by mediating receptor binding and membrane fusion (6).

The S protein contains two subunits, S1 and S2. The S1 subunit
has a receptor binding domain (RBD) that interacts with the
host cell receptor, angiotensin converting enzyme-2 (ACE-2),
whereas the S2 subunit facilitates the fusion of the virus to the
host cell to release genetic material into the cytoplasm to enable
viral replication (7).

ACE-2 is a membrane-bound aminopeptidase that has a vital
role in the cardiovascular system and immune system. ACE-2
has been identified as a functional receptor for CoVs, including
SARS-CoV and SARS-CoV-2. SARS-CoV-2
triggered by the binding of the S protein of the virus to ACE-2,
which is highly expressed in the heart and lung cells' surfaces.

infection is

SARS-CoV-2 mainly invades alveolar epithelial cells, causing
life-threatening symptoms in respiratory systems (3). ACE-2 also
regulates the protective mechanisms of the lungs. SARS-CoV-2
is also fatal as it blocks this protective mechanism (8). Cryo-
EM structure analysis revealed that the binding affinity of the
S protein of SARS-CoV-2 to ACE-2 was approximately 10-20
times higher than that of the S protein of SARS-CoV. Current
information indicates that SARSCoV-2 is more transmissible/

contagious than SARS-CoV (5).
Current Treatment of COVID-19

There is an urgent need for effective medication and vaccine for
COVID-19 to alleviate the threat posed by the disease on public
health and the burden of countries on health systems (9). Most
treatment options has been formed with previous experiences
in treating SARS-CoV, MERS-CoV and other viral diseases.
Currently, the most important management strategy for severe
cases consists of mechanical ventilation, ICU admission and
supportive care. According to the WHO guidelines, it is treated
with supportive care such as bed rest, oxygen saturation, adequate
nutrition, prevention of dehydration, preservation of electrolyte
and acid-base balance, antibiotics and isolation of patients
uncertain or diagnosed with COVID-19 (10). According to
data compiled by Milken Institute, headquartered in California,
USA, 167 potential drugs, therapies and medical tools for the
treatment of COVID-19 are at the pre-clinical or clinical stage.
Of these, 55 are antibiotics, 22 antivirals, 14 are cell-based, 5
are RNA-based drug candidates, 66 are immune-converting
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compounds, and 5 are medical devices such as blood purification
filters and respiratory support devices (9). Drugs with previously
known efficacy such as remdesivir, chloroquine, favipiravir and
immune plasma therapy have been added to treatment protocols
(10). In addition, vitamin C and ACE inhibitor supplementation
to the treatment are discussed (9).

In order for a drug to be used in the treatment of a particular
disease, a 4-stage clinical trials should be passed, each with the
approval of the relevant national health authorities.

In phase I studies, drug candidate was tested on a small group of
often healthy people (20 to 80) to judge its safety and side effects
and to find the correct drug dosage.

Phase I studies aims to obtain preliminary data on whether the
drug works in people who have a certain disease or condition
while the safety studies, including short-term side effects are
being continued.

In phase III studies the same procedure with phase II must be
followed with a large number of patients. At this stage, if the
safety and efficacy of the drug candidate is proven sufficiently,
it gains the status of “new drug application” (NDA) and can be
put on the market with the approval of the relevant health and
trade institutions.

In phase IV studies, the possible adverse effects of the drug,
which has been put on the market after the approval, on the wide
user population are followed up and reported (9).

For the treatment of COVID-19, there is no cure with proven
efficacy and safety that meets the approvel criteria. However,
among the options evaluated for COVID-19 treatment, there are
agents that inhibit viral replication, agents that bind directly to
the virus and neutralizing antibodies, antibodies that target the
host cell ACE-2 receptor or block S1, S2 and RBB (10). In this
article, studies on vaccines and therapeutics developed through

the ACE-2 and SARS-CoV-2 fusion mechanism were reviewed.
Potential Treatment Approach for COVID-19

There is no effective treatment for COVID-19 yet. Although
the effectiveness of many antivirals available in the market for
the treatment of the disease is evaluated, many new approaches
are also considered. Viral fusion is the key step in the onset of
SARS-CoV-2 infection. In this review, therapeutic approaches
that may slow viral entry into cells and hence viral spread by
preventing ACE-2-mediated entry of viruses are discussed. These
approaches are listed in Table 1.

Drugs and vaccines that prevent spike protein and ACE-2
fusion

Based on the fact that ACE-2 is the SARS-CoV-2 receptor, the
idea has arisen that a vaccine based on the S1 subunit protein
can be developed and large-scale vaccine can be produced using
cell lines (8).

Vaccines are generally classified as inactive or live attenuated
viruses, virus-like particles (VLP), viral vectors, protein-based,
DNA-based or mRNA-based vaccines (8). Protein-based vaccines
can include the full length the S protein, S1 subunit, RBD, and/
or the nucleocapsid of virus.

It may be necessary to use protein-based adjuvants or to fuse them
with Fc unit. The most important feature of these formulations;
high safety profile and their ability to stimulate cellular and
humoral immune response. The developed formulations are
currently in a preclinical study phase. VLP mimic the structure
of the whole virus and can contain RBD, M and/or E proteins.
These formulations are easy to manufacture because they can
expressed in bactoviruses system. Also, VLP mimic the structure
of the whole virus, unlike protein-based vaccines (11).

A study on recombinant vectors expressing the S protein of
SARS-CoV revealed that this protein is highly immunogenic and

Table 1. ACE-2 based potential treatment approaches for COVID-19

Virus-like particles

Drugs and vaccines that prevent

spike protein and ACE-2 fusion ) )
Protein-based vaccines

Neutralizing monoclonal antibodies

Drugs affecting the renin-

; - ACE-l and AT1R inhibitors
angitotensin-aldesteron-system

Excessive ACE-2 therapy
rhACE-2

RBD, M and E proteins.
Similar to viral structure.

Full length S protein, S1 subunit, M and/or E proteins.

targets S protein epitopes.

Its ability to reduce pulmonary inflammatory responses
suggests that it may decrease mortality.

Treatment with ACE2 may slow viral entry into cells and
hence viral spread.

ACE: Angiotensin converting enzyme, RBB: Receptor binding site, RBD: Receptor binding domain
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protective against SARS-CoV in hamsters. However, It didn't
neutralized N, M and E proteins significantly (12). In addition,
it has been reported that vaccines containing the subunit of S
protein achieve higher neutralizing antibody titres and provide
better protection than others (5). Vaccination is the best option
to prevent the spread of infectious diseases. Vaccine-induced
humoral immune responses specifically involve the production of
neutralizing antibodies. Currently, no vaccine has been licensed
to prevent SARS-CoV-2 infection. Only a few promising vaccines
for SARS-CoV have reached Phase I clinical trials, but vaccine
development has been stopped due to the cessation of the SARS
outbreak. SARS-CoV and SARS-CoV-2 bind to the same host
cell receptor (ACE-2) and have similar disease pathogenesis. For
this reason, it was thought that it could be treated with common
neutralizing antibodies, albeit limited. Current approaches to the
development of SARS-CoV-2 vaccines are mostly based on the
methods used for the development of SARS-CoV vaccines (13).

S protein plays an important role in developing immunity against
SARS-CoV by stimulating neutralizing antibodies and T cells in
the body. Therefore, it is believed that the full length or suitable
fragment of the S protein is the most promising candidate for
developing vaccine against CoVs.

It has been reported that other structural proteins do not affect
the immunogenicity of the S protein or its binding to the ACE-
2 receptor, which is a critical initiation step for the virus to
reach the host cell. The ability of RBD in S protein to induce
neutralizing antibody is quite high. In addition, recombinant
proteins containing RBD and recombinant vectors encoding
RBD can be used for the development of effective SARS-CoV-2
vaccines (7). Current vaccine development studies for SARS-
CoV-2 are listed in Table 2.

Direct administration of monoclonal antibodies (mAb) can play
an effective role in treating SARS-CoV-2 infected individuals.
It has been observed that patients recovering from SARS create
strong neutralizing antibody responses. S protein epitopes and
functions could be targeted. With these antibodies to increase
humoral protection against CoVs. RBD-specific neutralizing
mAbs developed for SARS-CoV are thought to be able to
provide cross-neutralization for SARS-CoV-2 due to similarity
in RBD of both virus. Cross-neutralizing effect of mAbs specific
to SARS-CoV RBD can be evaluated for efficacy against SARS-
CoV-2 (7).

The entry of SARS-CoV into the host cell continues with the
formation of hexagonal helix regions by repeating heptad (HR1
and HR2), showing structural changes in the S protein S2
domain following the binding of the S1 domain of the S protein
to a receptor. Studies have shown that peptides derived from
the HR2 region can inhibit SARS-CoV entry. In one study, two
recombinant proteins were designed with recombinant DNA
technology, one containing two HR1 and one HR2 peptide
(indicated by HR121), the other containing two HR2 and one
HRI peptide (designated HR212). These two proteins exhibited
high inhibitory effect on the entry of HIV/SARS pseudovirus
into the host cell with IC50 values of 4.13 and 0.95 uM,
respectively. In addition, these proteins have low production
costs and can be easily purified. These properties suggest that
HR121 and HR212 may be potent inhibitors of SARS-CoV
entry (14). This has led to the idea that it can be effective in the
treatment of COVID-19.

The technique based on directly isolating the antibody and
designing suitable antibodies without cloning the gene previously
developed for HIV treatment is also used for SARS-CoV-2 in
China. Since the virus can easily develop resistance in treatment

Table 2. Current vaccine development studies for SARS-CoV-2 [Adapted from reference (10)]

Vaccine unit Vaccine unit
Protein subunit S protein
S protein

e (Baculovirus production)

Protein subunit Stabilized S protein

Protein subunit S1or RBD

Full Length S protein, S1,
) . RBD, nucleocapsid
Protein subunit ] .
« formulated with adjuvants or

fused with fc

S protein

P i i . .
Tl m T (Adenovirus production)

Protein subunit Peptite
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Company Progress

WRAIR/USAMRIID Preclinical

Sanofi Pasteur Preclinical

University of Queensland/GSK Preclinical

Baylor College of Medicine Preclinical

(Novavax, Phase IlI)

recombinant S protein (Vaxine Preclinical

Pty Ltd, Australia, Phase I)

Johnson & Johnson (Jansen): In

partnership with Biomedical .
Preclinical

Advanced Research and

Development Authority (Barda)

Vaxil bio Preclinical
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with a single antibody, different combinations of mAbs should
be added to these formulations (15).

Therapeutic Potential of Drugs Acting on the Renin-
angiotensin-aldosteron-system

The interaction sites between ACE-2 and SARS-CoV have been
defined at the atomic level, and studies so far have shown that
the same principles apply to the interactions between ACE-2 and
SARS-CoV-2. It was thought that by blocking these interaction
sites with antibodies or small molecules, transfection of the virus
could be prevented (8). Therefore, it has been suggested that
ACE inhibitors such as lisinopril can be used (16).

In the lungs, activation of the local pulmonary Renin Angiotensin
System (RAS) may affect the pathogenesis of lung injury by
multiple mechanisms such as increased vascular permeability
and alveolar epithelial cells. Angiotensin type-1 (AT1R) receptor
activation provides RAS activation. It begins with renin, the
starting enzyme of the pulmonary RAS activation cascade. Renin
breaks down angiotensinogen, a globular protein, to produce
angiotensin I (Ang I, a decapeptide hormone). ACE then
converts Ang I to Ang II (Ang II, an octapeptide hormone). Ang
IT activates vasoactive effects by binding to angiotensin II type I
(AT1) and type II (AT2) receptors. ACE-2 is an ACE homolog
and plays an important role in balancing responses initiated from
ACE. ACE-2 hydrolyzes Ang I to produce Ang- (1-9). ACE-2
also hydrolyzes Ang II to form Ang- (1-7), which binds to the
G-protein coupled receptor MAS to antagonize most of the Ang
II mediated effects. Generally, ACE-2 functions as a regulatory
enzyme by decreasing native Ang I concentrations. In the lungs,
RAS activity increases ACE and Ang II concentrations, and ACE-
2 activities begin to rise to regulate the balance of Ang II/Ang-
(1-7) levels. High Ang II levels increase vascular permeability,
leading to pulmonary edema (16).

Therefore, angiotensin receptor blockers (ARBs) have the
capacity to reduce inflammation and endothelial and epithelial
dysfunction in many organs. ARBs preserve the integrity of the
lung endothelial barrier, which is disrupted by acute injuries of
the lung caused by viruses. There is substantial clinical evidence
of direct effects of ARB therapy on protection of the lung
associated with pneumonia, sepsis and influenza.

It was observed that the mortality rate was lower in patients
treated with ARBs for cardiovascular diseases and later
hospitalized for pneumonia. In studies conducted in rodents
in cerebral malaria, which is caused by endothelial dysfunction,
increased proinflammatory cytokine production, and increased
coagulation and complement activation, ARB treatment has
been observed to decrease mortality. In addition, treatment with
ARBs appears to significantly reduce mortality during the Ebola
epidemic in Africa, although these reports have not been fully
confirmed (17).

In acute respiratory distress syndrome mouse models, ACE-
2 knockout mice exhibited more severe symptoms, while
overexpression of ACE-2 had some protective effects. In SARS-
CoV infection of mice, it has been shown that both viral

replication and viral S protein selectively reduce ACE-2 rather
than reducing ACE (18). In addition, SARS-CoV also causes the
rapid down-regulation of ACE-2 from the cell surface and the
release of catalytically active ACE-2 ectodomains. These results
show that the balance between physiological ACE/ACE-2 and
angiotensin II/angiotensin (1-7) is possibly disrupted by SARS-
CoV viral infection (16). Since SARS-CoV-2 binds to ACE-2,
just like SARS-CoV, it is thought that this virus disrupts the RAS
balance and causes exacerbation of pneumonia. Therefore, it is
thought that ACEI and AT1R inhibitors may decrease SARS-
CoV-2 induced pulmonary inflammatory responses and thus
decrease mortality (7). There are many ongoing clinical studies
in this context. In addition, there are literature suggesting that
increasing the ACE-2 level of ARBs facilitates the binding
of the SARS-CoV-2 virus to these regions, but the definitive
information has not been obtained yet (17).

Excessive Amounts of ACE-2 as a Therapeutic Agent

Studies has begun on the idea that increasing ACE-2 activity by
exogenous administration of ACE-2 may also be beneficial in
human diseases with pathologically high Ang-8. As a first step,
pharmacokinetics, pharmacodynamics, safety and tolerability
of recombinant ACE-2 (thACE-2) in healthy volunteers
were determined. rhACE-2 was administered intravenously
to healthy human subjects in a randomized, double-blind,
placebo-controlled, single-dose, dose-escalation study followed
by an open-label multi-dose study. ACE-2 concentrations were
determined by measuring ACE-2 activity and ACE-2 content in
plasma samples. Concentrations of the angiotensin system effector
peptides Angl-8, Angl-7 and Angl-5 were determined using
liquid chromatography-tandem mass spectrometry method. As
a result, single thACE-2 doses of 100-1,200 g/kg were observed
to have a dose-dependent increase in systemic exposure with
biphasic elimination and a dose-independent terminal half-life
(10 hours). In all single dose cohorts, Angl-8 decreased within
30 minutes after infusion, Angl-7 was either increased (100 and
200 lg/kg doses), or decreased or unchanged (400-1,200 lg/kg
doses). Angl-5 was transiently increased for all doses studied.
Except for the lowest thACE-2 dose, reduction in Angl-8 levels
lasted at least 24 hours. Repeated dosing (400 lg/kg for 3 or 6
days) resulted in only minimal ACE-2 accumulation and Ang1-8
levels could be suppressed over the entire administration period.
As a result thACE-2 administration was well tolerated by healthy
human subjects. Despite marked changes in angiotensin system
peptide concentrations, no cardiovascular effects were observed
in healthy volunteers (19).

Khan et al. (20) reported the results of a phase II study examining
the safety and efficacy of GSK2586881, a thACE-2, in patients
with acute respiratory syndrome. They have shown that the
administration of a wide variety of GSK2586881 doses is safe
without causing significant hemodynamic changes. The use
of twice-daily infusion doses of GSK2586881 caused a rapid
decrease in plasma Ang II levels and an increase in Ang 1-7
and Ang 1-5 levels, as well as a decrease in plasma interleukin-6
concentrations (20). Kuba et al. (18) showed that the S
protein of SARS-CoV binds to ACE-2 (but not ACE) in mice,
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causing severe lung injury. With the administration of ACE-
2 to the lungs, the virus is likely to bind to ACE-2, which is
given excessively to the body, rather than to the body’s ACE-2
receptors. In this case, ACE-2 receptors that provide hemeostasis
of the lung will be able to continue their functions. Thus,
treatment with a soluble form of ACE2 itself may exert dual
functions: (1) slow viral entry into cells and hence viral spread
and (2) protect the lung from injury (8,18). Based on these ideas,
it was thought that exogenous administration of ACE-2 could be
therapeutic, and a clinical study was initiated to investigate the
efficacy of thACE-2 in soluble form for SARS-CoV-2. An open-
label, controlled, randomized, pilot study was designed to obtain
biological, physiological and clinical data about the treatment of

COVID-19 patients with thACE-2.

It is aimed to examine all biological, physiological and clinical
data to determine whether there is any signal of efficacy requiring
a Phase 2B trial or to determine toxic effects that would prevent
such treatment. Efficacy analysis will be performed for patients
receiving at least 4 doses of therapy, and safety analysis will
be performed for all patients receiving at least one dose of
treatment. It is expected that there will be at least 12 patients in
each group. For 7 days, the experimental group will be treated
0.4 mg/kg of rhACE-2 and standard care, while the control
group will be treated with only standard care (21). The result of
the research will provide very important data for the treatment

of COVID-19.
Nanoparticular Drug Carrier Systems

Drug delivery systems have several advantages over traditional
drug forms. With these systems, the active substance can be
targeted to the desired body part, thus minimizing or side effects
on vital tissues. The accumulation of therapeutic compounds
at the target site can be increased, resulting in more effective
treatment at lower doses. This modern form of treatment is
particularly important when there is a discrepancy between the
dose or concentration of a drug and its therapeutic consequences
or toxic effects. Cell specific targeting can be accomplished by
entrapping drug in designed carriers. Various nanostructures
have been tested as drug delivery systems, including liposomes,
polymers, dendrimers, silicon or carbon materials, and magnetic
nanoparticles (22).

Lipid or polymer-based nanoparticular drug delivery systems
can be designed to improve the pharmacological and therapeutic
properties of parenterally administered drugs. These particulate
nano-systems have overcome the problems that prevent the
clinical applications of some anticancer and antifungal drugs and
have been approved for clinical use. These include lipid-based
carriers such as liposomes and micelles, emulsions and lipid-
drug complexes; there are also various ligand targeted products
such as polymer-drug conjugates, polymer microspheres and
immunoconjugates (23).

Drugs evaluated for the treatment of COVID-19 need to
be administered in a drug delivery system, especially in the
treatment of this disease, which causes lung involvement.
Liposomes can be targeted actively or passively to the lungs (24).
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In addition, liposomes have been used as a trap in the treatment
of viral diseases because of their cell-like properties (25,26).
Liposomes could be used in COVID-19 treatment due to their
biocompatibility, targeting to the region and their ability to
create a trap structure.

Liposomes

Liposomes are generally defined as spherical vesicles with particle
sizes ranging from 30 nm to several micrometers. They consist
of a lipid bilayer surrounding the aqueous units, with the polar
head groups oriented towards the inner and outer aqueous
phases. These vesicles, which have one or more phospholipid
bilayer membranes, may carry aqueous or lipid drugs.
Liposomes were first described in the mid-1960s. Liposomes
are very useful markers and tools in many disciplines such as
mathematics, theoretical physics, biophysics, chemistry, colloid
science, biochemistry and biology. Due to their biocompatibility,
biodegradability, low toxicity, and ability to entrap both
hydrophilic and lipophilic drugs, many studies have been
conducted on liposomes to reduce drug toxicity and/or targeting
systems. Liposomes as drug carriers has some advantages such
as increased solubility of lipophilic and amphiphilic drugs,
passive targeting to immune system cells, especially mononuclear
phagocytic system cells, ability to deliver systemically or locally
of drugs, improved bioavailability of hydrophilic molecules, and
improved penetration into tissues (27).

Due to recent advances in liposome technology, many liposome-
based drug formulations have been approved for clinical use.
Entrapment of drugs in liposomes has provided the opportunity
to improve the therapeutic effect of various agents, mainly
through changing their biodistribution (28).

Research into the interaction between pathogens and liposomes
began after the first mechanical studies discoverd by Bangham et
al. (29) that streptolysin-S can regulate the cationic permeability
of multilayer liposomes. Researchers have used liposomes as
pathogen substrates. Liposome microarrays can be used for
ultrasensitive detection of various types of pathogens, including
viruses, bacteria and fungi. These cell membrane mimics, formed
with functional ligands as well as synthetic lipids, can promote
the formation of pathogen-liposome complexes that effectively
increase detection sensitivity in various electrochemical and
immunological assays. Another example that utilizes the
liposome-pathogen interaction is direct inhibition of the
pathogen infection with liposomes. Pathogens can be trapped
and retained by liposomes that mimic the cell membrane,
preventing them from attacking their cellular targets. In viral
and bacterial infection models, treatment with functionalized
liposomes has been shown to increase subject survival and reduce
overall infection. Engineered liposomes have also been used as a
secondary therapeutic to supplement conventional anti-infective
drugs. Systemic administration of nanoscale liposomes with
penicillin effectively protected animals from septicemia caused
by S. pneumoniae and S. aureus. In addition, researchers have
used liposome-pathogen interaction for drug release triggered
by infection. Surface engineering of liposomes with specific
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molecule may further increase the applicability of synthetic
liposomes against infectious diseases (25,26).

Lactoferrin (LF) has strong antiviral activity against RNA and
DNA viruses, including human immunodeficiency virus, zika
virus, hepatitis C, cytomegalovirus, herpes simplex virus, and
human papilloma virus. Serrano et al. (30) designed a prospective
observational study in 75 patients with positive immunoglobulin
(Ig)M/IgG tests and typical COVID-19 symptoms. In order to
provide maximum anti-inflammatory and immunomodulatory
effect and to protect LF from the harmful effects of enzymes
and acids in the stomach, a formula encapsulated in LF
phosphatidylcholine-based liposomes has been used. The patients
were isolated at home and examined remotely twice a day for 10
days and followed for up to 1 month. As a dietary supplement,
liposomal bovine LF (LLF) nutritional syrup (32 mg LF/10 ml
+ 12 mg vitamin C) was administered orally at 4 to 6 doses per
day for 10 days. In addition, zinc solution was supplemented
orally at a dose of 10 mg/10 mL two or three times a day. The
control group received only oral LLE In addition, half of the LLF
dose given to patients’ was orally administered to the patients
relatives. The treatment provided a complete and rapid recovery
in all patients (100%) within the first 4-5 days. In addition,
COVID-19 findings were not diagnosed in the relatives of the
patients. As a result of the study, the researchers concluded that
LLF potentially prevented and treated COVID-19 infection
(30).

It has been demonstrated in vitro studies that hydroxychloroquine
(HCQ), an antimalarial and anti-inflammatory drug, inhibits
SARS-CoV-2 infection and its therapeutic efficacy has been
evaluated with clinical studies. In order to show its antiviral
activity in vivo, it must be present in the lung at a concentration
of approximately 6.7 pg/mL. However, this concentration may
not be achieved with the currently recommended oral dosing
regimen. Administration of high doses of HCQ to achieve
the desired lung concentration raises concerns about systemic
toxicity, including cardiotoxicity. It has been proven that inhaled
liposomal formulations can reach effective concentrations in
the lung and show efficacy at lower doses compared to systemic
administration.

Tai, Wu (31) demonstrated the pharmacokinetics of inhaled
liposomal HCQ in a rat model. It has been observed that
respirable liposomal HCQ achieves the desired antiviral efficacy
by administering it less frequently and at low doses. Therefore, the
hypothesis that the formulation could be a potential treatment

option in COVID-19 was supported (31).
Targeting Liposomes to the Lungs

Liposomes are widely used drug carriers by inhalation due to
their safety and ability to provide controlled drug release in the
lung. These carriers can entrap a wide variety of therapeutic
molecules for delivery to peripheral airways in large volumes
using medical nebulizers (31).

Drugs investigated for pulmonary administration via

liposomes include anticancer agents (ara-C), antimicrobials

(enviroxime, amikacin, pentamidine), peptides (glutathione),
enzymes (superoxide dismutase), antiasthmatic and antiallergic
compounds (metaproterensteol, salbutamol, sodium bichrome,
corticosteroids) and promising developments such as pulmonary
delivery of immunomodulators, antiviral agents and gene
structures (cystic fibrosis, o 1-antitrypsin gene) are also discussed.
Finally, pulmonary deposition and kinetics of drugs administered
in the form of liposomal aerosols and targeting strategies for
selectively delivering drugs to infected or impaired phagocytic
(alveolar macrophages) and non-phagocytic (epithelial) cells in
the lung are studied (32).

Liposomes could be use to reduce some of the problems in
traditional acrosol administration, such as facilitating intracellular
delivery of drugs, particularly to alveolar macrophages. As a
result, liposomes prevent local irritation of lung tissue and reduce
pulmonary toxicity; prolonging local therapeutic drug levels. So
it can produce high intracellular drug concentrations in infected
alveolar macrophages (32).

With passive targeting, the liposomes are delivered to the targeted
areas. by controlling the size of the particles (33).

Generally, liposomes with a particle size greater than 5 pm can
be passively captured by the vascular network of the lung to
achieve lung targeting effect (34). Pulmonary delivery of drugs
has disadvantages such as; the need for training for patients to
coordinate the breathing of aerosols, the rapid absorption of most
drugs, frequent dosing that often causes systemic side effects,
poor water solubility of drugs that can cause local irritation
and inflammation of the airways or prevent the use of aerosols
completely and poor cytosolic penetration of the drug (32).

In addition, some unfavorable conditions were observed in the
administration of nanoparticles to the pulmonary system via
inhaler. For example, some nanoparticles can also be localized
in organs distal to the respiratory tract, which can initiate the
interaction of nanoparticles with subcellular structures following
endocytosis by different target cells (34).

The intravenous route is a common method of delivering
higher doses of drugs into the body. Many drugs loaded into
carrier systems such as microspheres, microcapsules, liposomes
and nanoparticles can be delivered directly to the circulation,
avoiding first pass metabolism, and with the aid of these drug
carriers, drugs can be delivered intravenously to the lungs. In
addition, these systems can increase the drug concentration in
the lung to therapeutic level after intravenous administration
while reducing its distribution to other organs or tissues. At the
same time, these systems can control drug release into the lungs
and extend the duration of action to improve the therapeutic
effect and patient compliance. Pulmonary administration in
aerosol form is an interesting area of research for local or systemic
delivery of the drug. However, most drugs should be applied at
least three to four times a day due to their short half life.

Another disadvantage is that inhaled drugs cannot be easily
delivered to the spesific area in the lungs due to the blocking of
the airways from inflammation or mucus plugs, which can lead
to more accumulation in the airways (34).
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Result

With the information obtained from SARS and MERS
outbreaks, it is known that an S protein-based vaccine could
provide the required immunity. In S protein-based vaccine and
drug development studies, the principle of blocking affinity of
the S protein to ACE-2 has been discussed.

It has been suggested that ARBs prevent lung damage and
reduce mortality due to their lung protective effect. However,
since ARBs increase the rate of ACE-2, there are concerns that
SARS-CoV-2 entry to host cells could increase. However, ACE-2
regulation is a very complex mechanism, and its direct positive
or negative effect on SARS-CoV-2 viral spread has not yet been
proven. The current clinical data mostly includes a few patients
and there is no control group, so it is not possible to make a
scientifically definitive result.

Developing S protein-based vaccine and treatment options by
blocking the ACE-2 receptor, and proving its efficacy needs long
time. However, the competitive binding of ACE-2, which is in
the body’s own hemostasis, to viruses after administration seems
to be both a simple and effective treatment option. The results
of the clinical studies conducted in this context are thought to
be promising.

Drug delivery systems have several advantages over traditional
drug forms. With these systems, the active substance could be
targeted to the desired area, thus increasing its effect on vital
tissues and minimizing side effects. Lipid or polymer-based
nanoparticular drug delivery systems could be designed to
improve the therapeutic effects of parenterally administered
drugs.

Drugs evaluated for the treatment of COVID-19 need to be
administered in a drug delivery system to reach therapeutic
concentrations. Liposomes can be targted actively or passively to
the lungs. In addition, liposomes have been used as a trap in the
treatment of viral diseases because of their cell-like properties.

In summary, no corona virus-specific therapeutic agent,
monoclonal antibodies, or vaccine has been approved. Thus,
there is an urgent need for effective medication and vaccine for
COVID-19 disease to limit the transmission in the community.
Most treatment options for COVID-19 taken from previous
experiences in treating SARS-CoV, MERS CoV, and other viral
diseases. Due to the fact that SARS-CoV-2 enters the host cell
through ACE-2, the basic mechanism of the drugs developed
to block the affinity between ACE-2 and the S protein is
mentioned in this review. In addition, liposomes based, potential
drug development studies in the treatment of COVID-19 was
mentioned.
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ABSTRACT

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
disease which occurred in China in late 2019 and caused pandemia
is an important public health problem. The virus has been found
to be a member of the beta-coronavirus family of the same species
as the SARS-CoV and SARS-related bat CoV’s. The way it spreads
indicates that SARS-CoV-2 can be transmitted from person to
person and be more contagious than SARS-CoV. In general, SARS-
CoV-2 is an acute disease, but it can be fatal and its mortality is
around 2-3%. Acute respiratory distress syndrome (ARDS) is the
most important cause of death. Due to cytokines storm, hyper-
inflammation is a distinctive feature of ARDS, leading to cellular
injury, organ failure and death. A fast, accessible, effective and safe
treatment is required to save lives and reduce spreading. However,
there is still no vaccine or drug developed for the prevention or
definitive treatment of SARS-CoV-2. In addition to broad-spectrum
antivirals and some other substances for the treatment of the disease,
high-dose intravenous (i.v.) vitamin C (VC) is also recommended
to take advantage of the antiviral and antioxidant effect. However, it
has a pro-oxidant effect rather than an antioxidant. The cumulative
effect of oxidative stress caused by inflammation and VC, besides
the antiviral effect, can cause serious inflammation and oxidative
damage to the tissues. In this review, the function, antiviral
efficacy and possible negative consequences of high dose i.v. VC
recommended for SARS-CoV2 treatment will be discussed in the
light of the literature.

Keywords: SARS-CoV-2 treatment, vitamin ¢, intravenous, pro-
oxidant, antioxidant

0z

2019 sonlarinda Cinde ortaya cikan siddetli akut solunum sendromu
koronaviriis-2 (SARS-CoV-2) hastalig1, pandemiye neden olan ¢ok
énemli bir halk sagligi sorunudur. Viriisiin, SARS-CoV ve SARS ile
ilgili, yarasa CoV ile ayni tiirlerde, beta-koronaviriis ailesinin bir tiyesi
oldugu tespit edilmistir. Bulgular, SARS-CoV-2’nin kisiden kisiye
damlacik veya temas yoluyla bulasabilecegini ve bulagiciliginin SARS-
CoV’den daha fazla oldugunu géstermektedir. SARS-CoV-2 akut gecen
bir hastalik olmakla birlikte, yaslilarda ve eslik eden hipertansiyon
gibi kronik hastaligi olanlarda daha éliimciil olabilmekte, mortalite
orant %2-3 dolayinda seyretmektedir. Hastalikla birlikte goriilen
akut solunum sikintis1 sendromu (ARDS) en 6nemli 6liim nedenidir.
Hastalikea, sitokin firtinasina bagli artmis enflamasyon ve oksidatif stres,
hiicresel hasar ve organ yetmezligi, 6liime yol acan ARDS’nin ayirt edici
ozelligidir. Hastalarda hayat kurtarmak icin hizli, erisilebilir, etkili ve
giivenli tedavi yéntemlerine ihtiyag duyulmakeadir. Bununla birlikte,
SARS-CoV-2 hastaliginin énlenmesi veya kesin tedavisi icin gelistirilmis
bir as1 veya ilag heniiz bulunamamigur. Hastaligin tedavisine yardimei
olabilecek genis spektrumlu antiviral veya antimalaryal ilaglar yaninda,
antiviral veya antioksidan etkisinden yararlanilmak iizere, yiiksek
doz intravenéz (i.v.) C vitamini (CV) kullanimi da &nerilmektedir.
Ancak, yiiksek doz i.v. CV uygulamasi, doza bagimli olarak antioksidan
etkiden ziyade, pro-oksidan etki ile ciddi oksidatif stres artisina neden
olabilmektedir. Hastalarda goriilen siddetli enflamasyon ve yiiksek doz
CV’nin neden oldugu oksidatif stres, kiimiilatif olarak, antiviral etki
yaninda dokularda ciddi enflamasyon artigina oksidatif hasara neden
olabilmektedir. Bu derlemede SARS-CoV-2 tedavisi i¢in onerilen
yiiksek doz i.v. CV’nin pro-oksidan fonksiyonu, antiviral etkinligi ve
doza bagimli istenmeyen olast sonuglart literatiir 1s1ginda tartigilacaktir.

Anahtar Sézciikler: SARS-CoV-2 tedavisi, vitamin C, intravendz, pro-
oksidan, antioksidan
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Introduction

Coronaviruses

(CoV)

enveloped RNA viruses that cause a variety of diseases, from

are single-chain, positive polarity,
the common cold to more serious diseases such as the Middle
East respiratory syndrome-CoV (MERS-CoV) and severe acute
respiratory syndrome CoV (SARS-CoV) (1). The virus, which
first appeared in the city of Wuhan in Hubei province of China
in 2019 and spread all over the World and caused a pandemia, is
in the sub-genus of the Sarbecovirus, a beta-CoV type including
SARS-CoV and MERS-CoV, and has been named as SARS-
CoV-2 by the World Health Organization (2). The mechanism
of infection is the binding of the virus to the membrane-bound
form of angiotensin converting enzyme-2 (ACE-2) and the
proliferation of the complex by being taken into the cell by
the host cell (3). The time from exposure to SARS-CoV-2 to
the onset of symptoms (incubation time) is 2 to 14 days on
average. SARS-CoV-2 infection causes severe acute respiratory
disease with fever, cough and shortness of breath in many
confirmed people. The organ in which SARS-CoV-2 is most
effective is the lung, and the virus goes to the lungs through the
respiratory tract, binds to ACE-2 receptors on the cell surfaces
of the alveoli in the lung, enters the cell and multiplies inside
the cell, and causes cell damage and serious inflammation. Acute
inflammation caused by the virus can lead to acute respiratory
distress syndrome (ARDS), which can be fatal (3). The disease
is accompanied by neutrophil infiltration in the lungs, immune
suppression, severe hypoxemia, and hyperferritinemia due to
cytokine storm (4). Rapid production of free oxygen species
(ROS) with the mechanism induced by inflammation and
known as respiratory burst is the main characteristic of ARDS,
which causes significant oxidative stress, cell damage, organ
failure and death (5). The virus is more mortal in the elderly and
those with chronic diseases such as hypertension, cardiovascular
diseases and diabetes, and the mortality rate is around 2-3% (6).

Currently, a drug specific to SARS-CoV-2 has not been
developed. Because viruses use normal cellular metabolic
pathways as opposed to bacteria and fungi to reproduce, it is very
difficult to design a drug that shows antiviral activity without
damaging the cells (7). Therefore, as with other viruses, besides
broad-spectrum antiviral drugs, the disease is tried to be treated
with symptomatic supportive therapies. One of the supportive
treatments is the use of high-dose intravenous (i.v.) vitamin C

(CV).

Normally, CV is a powerful antioxidant vitamin capable of
delivering electrons and cleaning ROS (8). Besides that, they
show a pro-oxidant effect in the presence of pharmacologically
high doses of transition metals such as iron and copper (9).
In fact, it has been shown in many studies that high-dose CV
causes a damage in DNAs of cancer cells and their death with
pro-oxidant effect, so that it can be used as an anti-cancer drug
(10). In antiviral treatment, it was desired to benefit from both
antioxidant and pro-oxidant effects of high-dose CVs. While
some researchers suggest the use of high dose i.v. CV to kill
the virus with pro-oxidant effect, some recommends the use of
high-dose i.v. CV as an antioxidant for the prevention of damage

due to the increased ROS production caused by infection and
inflammation (13-15).

In short, in the treatment of the disease, both as a pro-oxidant
to kill the virus and as an antioxidant to eliminate oxidative
damage, pharmacological i.v. high dose CV is recommended.
However, in case of the use of high dose i.v. CV, cumulative
effect of increased oxidative stress caused by inflammation due
to disease and increased ROS with pro-oxidant effect rather than
antioxidant effect, depending on the dose, may cause serious
inflammation and oxidative damage in the organism besides
antiviral effect. In the light of the literature, this review will
discuss the structure of the CV, its physiological functions, and
the use of pharmacologically high doses of CV in SARS-CoV-2
treatment and possible pathological results.

Results
Biochemical and Molecular Features of Vitamin C

CV, also known as ascorbic acid, is a monosaccharide derivative
and has a structure similar to glucose and other six-carbon
monosaccharides. Although it can be synthesized in most
organisms, L-gulono-g-lactone oxidase, which catalyzes the last
step of L-ascorbic acid biosynthesis, is a very important vitamin
that cannot be synthesized in humans due to lack of enzyme (16).
When CV is taken orally, plasma and tissue concentrations are
tightly controlled by at least 4 mechanisms, namely absorption,
tissue accumulation, renal excretion and re-absorption in healthy
people. When taken orally, absorption is reduced depending on
dose and the achievable maximum plasma CV concentration is
about 250 micromol/L (um/L). On the contrary, when ascorbic
acid is injected i.v. or when given by i.v. infusion, pharmacological
CV concentrations can be increased to 25-30 mmol/L levels

(100 fold) (17).
Physiopathological Features of SARS-CoV-2 Disease

Evidence obtained to date about SARS-CoV-2 disease has shown
that hyperinflammation due to cytokine storm syndrome is
very common in patients with severe clinical course and ARDS
is the most important cause of mortality (4). When the virus
infects lung cells, as a result of activation of epithelial cells and
alveolar macrophages in the airway against the virus, chemotactic
chemokines such as macrophage inflammatory protein 2 (MIP-
2), monocyte chemoattractant protein-1 (MCP-1), tumor
necrosis factor alpha (TNF-a), interleukin-6 (IL-6), interferon
gamma (IFN-y), and interleukin- 8 (IL-8) are released (18).

As an early response to inflammation, they can cause an abnormal
permanent cascade known as cytokine storm as a result of the
entry of macrophage cells into the lung and excessive release of
inflammatory cytokines (19). Inflammatory mediators involving
the release of chemokines, ROS, and coagulation factors, along
with cytokine storm, are associated with continuously stimulated
signal transduction (20). NADPH oxidase (NOX) is an important
enzyme that is a source of superoxide/ROS in the pathogenesis of
viral infection and initiates respiratory burst, and the target is to
eliminate the pathogen (21). Hydrogen peroxide (H,O,), which
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is a cytotoxic molecule in the catalyzer of superoxide dismutase
(SOD), is synthesized from superoxide radical (O,”) formed as
a result of the reaction.

As a result of O, reaction with H,O, (Haber-Weiss reaction)
or Fe’ * reaction with H,O, (Fenton reaction, in the catalyzer
of myeloperoxidase (MPO) enzyme of Hydroxyl radical (HO"),
which is the most toxic radical, and chlorine (CI), hypochlorous
acid, which is known as bleacher, is produced (22).

NOX
20,+NADPH ——» 20," + NADP* + 2H"
SOD
20,+2H ——» H,0,+0,
0,+H,0, ___, HO +HO +0,
FeH,0, ——> HO +HO + Fe*
MPO
H,0,+Ct ———» HOCI+'OH

Although the target of ROS produced with respiratory burst
stimulated with infection is to kill the microorganism,
excessive and long-term ROS increase can cause lung cell
damage and various chronic diseases including cancer (23).

One of the most important laboratory findings of SARS-CoV-2
infection is the excessive increase in serum ferritin levels with
cytokine storm. Serum ferritin levels, normally below 200 ng/
mL, may increase from 500 ng/mL to thousands (24, 25).

Use of Vitamin C in the Treatment of SARS-CoV-2 Disease

Although no definitive medication has been found for the
treatment of the disease, one of the symptomatic and supportive
treatment approaches is the administration of iv. CV at
pharmacologic doses increasing from 2-3 gr. to 60-90 gr. There
are two different approaches of researchers who advocate the
treatment of the disease with CV in pharmacological doses. The
first approach is that i.v. high dose CV causes ROS production
with pro-oxidant effect in the presence of transition metals such
as free iron and copper, and high ROS levels show antiviral
effects by creating oxidative damage in virus genome, proteins
and lipid structures. As a matter of fact, studies showing the
antiviral activity of high-dose CV for different viruses have been
reported (26,27). In an in vitro study Cheng et al. (28) showed
that pharmacological doses of CV increase the ROS production
in extracellular fluid and kill not only isolated influenza viruses
but also viruses within normal human bronchial epithelial cells.
Jariwalla and Harakeh (27) reported that high doses of i.v. CV
(at milimolar levels) should be used in treatment as it may have
an anti-viral effect on SARS-COV-2with pro-oxidant effect and.
The second approach is to take advantage of the antioxidant effect
of high-dose CV to prevent oxidative damage resulting from
hyperinflammation in patients. Of the researchers advocating
this approach, Cheng et al. (13) reported that pharmacological
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doses of CV, which is a powerful antioxidant, should be used to
prevent oxidative damage caused by ROS produced as a result
of hyperinflammation developing in association with cytokine
storm in SARS-CoV-2 disease. Boretti et al. (15) suggested that
the use of i.v. CV in the treatment of SARS-CoV-2 may be
effective in stopping cytokine storm.

CV at physiological levels is also involved in the regeneration
of fat-soluble vitamin E, as a powerful water-soluble antioxidant
that has the potential to purify ROS and reactive nitrogen species
(RNS) in biological fluids by giving two electrons with direct
effect (29).

In addition to its strong antioxidant feature, CV has a coenzyme
property for many enzymes in the groups of monooxygenases,
dioxygenases and hydroxylases in the synthesis of collagen,
carnitine and proteoglycans (30). It is also known that CV
contributes to immune defense by supporting various cellular
functions of both natural and adaptive immune system (31).
However, high doses of CV show the pro-oxidant effect in the
presence of free iron (Fe?*) and copper (Cu?*), and cause the
production of O, and OH radicals, which are among the most
important ROS components, with the Fenton and Heber-Weiss
reactions (32).

Ascorbate (AH') + Fe** or Cu?* —> Semidehydroascorbate
(A) + Fe* or Cu'*

Free Fe** + or Cu'* that occurs causes ROS production by a
reaction known as the Fenton reaction.

Fe* or Cu'*+ H,O, ——— > Fe’* or Cu** + OH + OH
or
Fe** or Cu*+ 0, ——— > Fe* or Cu’* + O,

Fe?t or Cu**+ 02" ———» Fe** or Cu'* + HO" + OH-

As a matter of fact, studies on the use of pharmacological doses
of CV as an anti-cancer drug in cancer treatment are being
carried out by benefiting from the pro-oxidant feature of CV at
pharmacological doses and a phase I/I1a study on the use of i.v.
high-dose CV in pancreas cancer has been reported (33).

Ascorbate can be transported to the cell cytoplasm either
through passive glucose transporters GLUT-1,2,3 and 4 in the
form of dehydroascorbate or via sodium dependent ascorbate
transporters (SVCTs) (34). In particular, as a result of SVCTs
mediated transport, CV concentration in some tissues may be
100 times higher than in the outer of cell (8). It is known that
cancer cells consume a lot of glucose (Warburg effect) because
it uses glucose as an energy source and generates energy from
glucose with anerobic metabolism (35). Because CV is more
intense in cancer cells than in other cells since the molecular
structure of CV is similar to glucose and uses GLUTs in the entry
into cell, it can show more cytotoxic effect in cancer cells with
selective pro-oxidant effect (10,36). When a high dose of i.v. CV
is administered in SARS-CoV-2 infection, unlike cancer, it does
not have a tissue or cell to concentrate on, and because of its
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high ability to release iron from ferritin, which is very high in
infection, CV produces a higher level of ROS with pro-oxidant
effect. Indeed, in vitro and in vivo studies have shown that CV
releases iron from ferritin and significantly increases the free iron
ratio (37,38). In physiological concentrations, the contribution
of CV to the release of iron from ferritin is quite low, but its
pharmacological high doses have been found to have a high
contribution to releasing iron from ferritin (39). In addition to
the oxidative stress and high ferritin levels caused by cytokine
storming in the vast majority of patients with SARS-CoV-2, pro-
oxidant activity caused by high-dose i.v. CV may cause further
increase of oxidative stress with cumulative effect and oxidative
stress may show antiviral effect by making oxidative damage on
virus protein and lipid and especially RNAs. As a matter of fact,
RNAs are known to be more prone to oxidative damage than

DNA (40).

In addition, high oxidative stress may also cause serious oxidative
damage in the patient’s protein lipids and DNA as well as
antiviral effect. As a matter of fact, studies showing that high-
dose CV causes oxidative damage in cells with pro-oxidant
effect have been conducted. Duarte et al. (41) showed that
the physiological concentration of 100 mikromol/L (um/L)
VC did not cause DNA damage in fibroblast cells, but at a
concentration above 100 mikromol/L (um/L), it caused DNA
damage depending on dose. As the cause of the damage, it has
been shown that H,O,, which occurs as a result of autooxidation
of CV outside the cell, enters the cells by passive diffusion and
increases ROS production with pro-oxidant activity as a result
of reaction with intracellular free iron. With the use of high-
dose i.v. CV, which is recommended for the treatment of SARS-
COV-2, plasma levels of 10-20 mmol/L, which are 100-200
times higher than the normal level, can be reached (42). ROS
which is produced due to inflammation, as well as increased ROS
production with pro-oxidant activity, may cause cumulative high
oxidative stress formation. It is known that oxidative stress can
cause lipid peroxidation (43), protein oxidation (44), cell death
with DNA damage, mutations, genomic instability and serious
chronic diseases including cancer (45). However, in SARS-
COV-2 disease, administration of CV as an antioxidant at a dose
that can neutralize high levels of ROS caused by inflammation
due to cytokine storm may be beneficial in treatment. However,
preclinical and clinical dose optimization studies are required for
the appropriate dose.

Conclusion

Since there is still no specific treatment method with proven
reliability and effectiveness for SARS-CoV-2 disease, which
affects the whole world, many studies are being conducted
to find an effective drug. However, due to the urgency of the
current situation and the limited scientific data, some treatment
options with limited data on their effectiveness are suggested or
used for SARS-CoV-2 disease. One of these treatments is the
administration of pharmacological dose of i.v. CV. Although CV
is a powerful antioxidant vitamin in physiological doses, it can
increase ROS production in pharmacological doses by showing
pro-oxidant effect in the presence of metals such as free iron and

copper. In addition to ROS in which endogen is produced in
association with the stimulation of high levels of inflammation in
SARS-CoV-2 disease, ROS produced due to pro-oxidant activity
caused by high CV levels together with high ferritin levels may
cause cumulatively excessive ROS increase. The resulting ROS
may have antiviral effects but may also cause serious oxidative
damage in the patient. Therefore, before the use of high dose i.v.
CV as cither antiviral or antioxidant in the treatment of SARS-
CoV-2 disease, pre-clinical and clinical studies should be done to
optimize the dose to be applied.
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ABSTRACT

Coronaviruses (CoVs) are causative agents of the last three
epidemics/pandemic; severe acute respiratory syndrome CoV
(SARS-CoV), Middle East respiratory syndrome-CoV (MERS-
CoV) and the last one SARS-CoV-2. Although meta-analysis of
treatment studies against these three CoVs found no clear benefit
of any spesific regimen, currently, remdesivir and favipiravir are
promising potential therapies for SARS-CoV-2. On the other hand,
since natural products have always played a crucial role in drug
discovery and development process against various diseases, many
groups in the world, are now trying to find new or repurposed natural
or naturally originated drugs against viruses and CoVs. Secondary
metabolites of the plants, particularly alkaloids and terpenoids
have been exhibited strong antimicrobial and anticancer activities
besides synthetic drugs and other natural compounds (nucleosides
and nucleotides and bacterial and fungi originated ones). The first
isolated secondary metabolites have been converted into important
drugs since 1800’s such as morphine, codeine, cocaine, and quinine
have alkaloid skeleton as well as some of the recent anticancer drugs
vinblastine, vincristine, taxol, etc. This review includes the last two
decades of publications about natural alkaloids rather than their
plant extracts which showed some promising results against CoVs.
Marine organisms are also another rich source to discover new lead
drugs, however they were excluded in the present review article.

Keywords: Antiviral, alkaloids, coronaviruses, SARS-CoV-2,
COVID-19, natural products

0z

Siddetli akut solunum sendromu koronaviriis (SARS-CoV), Orta
Dogu solunum sendromu-CoV (MERS-CoV) ve en son SARS-
CoV-2 olmak iizere CoV’ler son ii¢ epidemi/pandeminin nedeni
olan ajanlardir. Fakat, heniiz bu ti¢ CoV’ye karst spesifik bir tedavi
edici ajan meveut degildir. Dogal iiriinler, gesitli hastaliklara kars:
ilag kesfi ve gelistirilmesi siirecinde her zaman énemli bir rol
oynadiklart i¢in su anda diinyada pek ¢ok grup viriisler ve ozellikle
koronaviriislere karsi dogal veya dogal orijinli ilag etkin maddesi
bulmak icin ¢alismaktadir. Bitkilerin sekonder metabolitleri,
ozellikle alkaloidler ve terpenoidler giiclii antimikrobiyal ve
antikanser aktiviteler gostermektedirler, tabii ki sentetik ve diger
dogal ilaglarin yanisira (nukleozidler, niikleotidler ve bakteriyel ve
mantar orijinli bilesikler). 1800’lerden itibaren morfin, kodein,
kokain ve kinin gibi ilk izole edilmis bilesikler ve 21. yy'da vinblastin,
vinkristin, taksol gibi ilaca doniismiis bilesiklerin hepsi alkaloid
yapisina sahiptir. Bu derleme, koronaviriislere karst umut verici bazt
sonugclar gostermis olan alkaloidleri iceren son 20 yildaki yayinlar:
kapsamaktadir. Deniz organizmalari yeni aday ilaclari kesfetmek
icin zengin bir kaynak olusturmasina ragmen bu derlemede hari¢
tutulmuglardir.
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SARS-CoV-2, COVID-19, dogal bilesikler

Received: 29.06.2020
Accepted: XX.12.2020

Address for Correspondence: Giilacti TOPCU, Bezmialem Vakif University Faculty of Pharmacy,
Department of Pharmacognosy, istanbul, Turkey
E-mail: gtopcu@bezmialem.edu.tr ORCID ID: orcid.org/0000-0002-7946-6545

Cite this article as: Topcu G, Senol H, Alim Toraman GO, Altan VM. Natural Alkaloids as Potential Anti-
coronavirus Compounds. Bezmialem Science 2020;8(Supplement 3):131-9.

©Copyright 2020 by the Bezmidlem Vakif University
Bezmidlem Science published by Galenos Publishing House.

131


https://orcid.org/0000-0002-7946-6545
https://orcid.org/0000-0002-7816-7551
https://orcid.org/0000-0001-7125-3900
https://orcid.org/

Topgu et al. Natural Antiviral Alkaloids

Introduction

Viral infections are known as one of the major causes of deaths
worldwide, especially serious outbreaks during the last 50 years.
Coronaviruses (CoVs) belonging to the Family Coronaviridae,
subfamily Coronavirinae are large (genome size 26-32 kb)
enveloped, positive- sense single- stranded RNA  viruses
which can infect both animals and humans (1-6). The sizes of
pleomorphic particles of the CoVs ranged between 80-150 nm
in diameter (7) and their entire replication cycle takes place in
the cytoplasm. CoVs can be subdivided into four genera: alpha-,
beta-, gamma-, and delta-CoVs (2, 3, 8-11), and may cause a
number of diseases and even death in animals and humans, and
a- and B-CoVs infect only mammals. Until now, seven CoVs
have been identified as human susceptible viruses. Among them,
the HCov-229E and HCoV-NL63 are human alpha-CoVs while
H-CovOC43 and HCoV-HKU1 beta-CoVs. The two of them,
HCoV-229E and HCoV-OC43 have been identified in 1960
which caused mild-serious cold symptoms. The HCoV-HKU1
was determined in a clinical sample from an adult with severe
pneumonia in Hong Kong as a mice-originated p-coronavirus
in 2005. In fact, the above mentioned four strains showed low
pathogenicity causing mild respiratory symptoms. The novel
virus, due to highly similar properties to the SARS-CoV which
appeared with a fatal acute respiratory syndrome in 2003 (12),
was named SARS-CoV-2 by World Health Organisation on
February 11, 2020. The three CoVs SARS-CoV, MERS-CoV,
and SARS-CoV-2 are 3-CoVs which led to severe and potentially
fatal respiratory tract infections. In addition, enteric, hepatic and
neurological problems and lethal pneumonia were observed in
COVID-19 patients (13).

The new virus (SARS-CoV-2) with a single-stranded positive-
sense RNA genome is 74.5%-99% identical to that of SARS-CoV.
SARS-CoV-2, as a recombinant virus is originated from bats and
is transmitted to humans, possibly using an intermediate host,
such as the pangolin. The SARS-CoV-2 spike protein directly
binds with the host cell ACE-2 receptor facilitating virus entry
and replication. It is known that viruses, without an independent
enzyme system, can mutate easily exhibiting some changes in
virulence, antigens, and resistance (13-15).

The physicians couldnt use a standardized treatment in the
beginning due to the observation of the varied symptoms of
each patient of COVID-19, and they have mainly provided
supportive care. As observed previously in SARS and MERS
patients, a cytokine storm has occurred in some COVID-19
patients, even more strongly as a result of an overreaction of the
immune system which could be linked a redox imbalance and
oxidative stress. Therefore, due to lack of enough experience, the
physicians have tried to treat patients with some antiviral and
anti-inflammatory drugs in general, and immunosuppressive
agents, if necessary.

In 2014, an Food and Drug Administration (FDA)-approved
compounds library identified four small molecules against
MERS-CoV includes chloroquine (Figure 7), chlorpromazine
(Figure 1), loperamide (Figure 2), and lopinavir (Figure 3)
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inhibiting of MERS-CoV replication in the micromolecular
range (15).

However, a strategy and approaches to drug discovery and
therapeutic options for CoVs specifically regarding on the
key genomic elements of SARS and MERS (4,16,17) were
published in 2016 included antivirals ribavirin, or additionally
lopinavir-ritonavir (Figure 3), and according to the severity of
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Figure 3. Lopinavir and ritonavir
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the case, use of interferon combination with corticosteroids,
and the convalescent plasma were used, if necessary. Any drugs
or biologics have not been yet approved by the FDA for the
treatment of COVID-19. However, remdesivir (Figure 4) was
obtained emergency use authorization by the FDA on May Ist,
2020, based on preliminary results to the recovery of hospitalized
patients with severe diseases in a shorter time. Favipiravir (Figure
5) and a few other repurposing drugs were used in China and
Japan first, and they are now going to be experienced by the
other countries’ physicians to treat COVID-19.

The first applied drugs for the treatment of viral infections were
interferons -a, -f, -y, and ribavirin (Figure 5) in cyclophilin
inhibitors as indicated by Zumla et al. (4) who reported clinical
features and treatment strategies of SARS and MERS besides
the epidemiologic and virologic properties. Today, the drug
discovery approach is based on mainly screening of the chemical
libraries. This approach is being also used to find new anti-viral
drugs by high-throughput screening (HTS) of many compounds
which should be evaluated by detail antiviral assays. Various
classes of drugs have been discovered using drug repurposing
programs. In viral outbreaks, selection of candidate drugs should
be made as either virus-based or host-based treatment options.
The virus-based anti-CoV treatments consist of viral nucleosides,
nucleotides and nucleic acids (4).

Today, there is an urgent need to rapidly identify and develop
antiviral agents. Therefore, molecular docking and other
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Figure 5. Ribavirin and favipiravir

computational studies may help and direct us by screening
thousands of molecules within a short time to present valuable
information about small molecules and natural products that
inhibit important target proteins. In a very recent study, as
indicated by Gyebi et al. (18) new potential antiviral drugs
should be discovered and/or developed, based on the available
knowledge about ligand-protein interaction of the SARS-CoV-2
and related CoVs.

The recent six months reports (Jan-July 2020) on virtual
screening of antiviral drugs, a cumulative knowledge (19) has
formed based on several databases and a number of studies (20,
21), covering small molecules (4,20,22,23) and natural agents
(24-26). The major targets of SARS-CoV-2 are mainly viral
spike proteins (27), 3-chymotrypsin-like protease (3CLP©), 3
CL hydrolase (27), papain like protease (PL"°), RNA-dependent
RNA polymerase (28), envelop proteins (29), 2’-O-ribose
methyltransferase (21, 30), and nonstructural protein-3 (Nsp3)
(23) and nucleocapsid protein (31).

Some secondary metabolites and their derivatives possessing
anti-inflammatory and anti-viral effects exhibited high binding
affinity to 3CLP* (18). Possible inhibitory role of some natural
compounds including alkaloids and phenolics against the 3CL™
of SARS-CoV-2 should be more rapidly investigated to find
new natural lead compounds (32). There is an urgent need to
search other sources and evaluate to obtain new compounds with
antiviral activity. Because, no any drug exactly treats COVID-19,
and some of the drugs used to cause several problems, namely
viral resistance (33).

History of Alkaloids Isolated From Plants as Potential Drugs

Plants and their secondary metabolites have a pivotal role in
the discovery of the novel drugs and might be a good solution
in finding new antiviral drugs. Alkaloids as one the bioactive
secondary metabolites are well known pharmacologically, over
10,000 alkaloids being isolated from plants or bacteria/fungi and/
or marine organisms. However, the number of studies carried
out on their antiviral and immunomodulatory properties. Since
19" century, many secondary metabolites have been isolated
from plant extracts, most of them having alkaloid skeleton, such
as morphine, quinine (Figure 6), codeine, striknin, brucine,
veratrine, cocaine which were converted into important drugs to
treat many disorders or diseases. Among them, quinine (Figure
6) was isolated in 1818 by two French pharmacists Pelletier and
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Figure 6. Quinine
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Caventou and they ushered to the Scientific French Academia
its isolation from Cinchona tree bark in 1820, and they have
then presented extraction method to the drug industry without
patenting to overcome malaria immediately, and then quinine
(Figure 6) has been used to treat malaria until today. Its derivatives
chloroquine (Figure 7) and hydroxychloroquine (Figure 8) are
now used in the treatment of SARS-2 at the initial level of the
disease. Therefore, alkaloids always took place as major potential
compounds in the drug discovery, especially as antimicrobial,
anti-inflammatory, and cytotoxic/anticancer agents. A literature
survey indicates that (18,22,34-36) alkaloids may be potential
antiviral agents with nitrogen-containing structures rather than
other secondary metabolites. A study on the investigation of 54
medicinal plants against different viruses exhibited their antiviral

potential (35).

20 Year Studies on Alkaloids as Potential

Coronaviruses’ Inhibitors

Recent

In the present review, we aimed to evaluate the last 20 years of
studies carried out on the alkaloids as potent anti-coronaviral
properties. For this purpose, first, we have searched the literature
considering alkaloids isolated from the terrestrial plants which
shown antiviral activity, particularly against CoVs, excluding
studies on marine organisms as well as antiviral activities of the
plant or animal extracts rather than their pure isolates.

A Brassicaceae family plant fsatis indigotica is a medicinal plant
and used as a folkloric medicine. Among isolated 12 compounds
from 1. indigotica roots, three alkaloids indirubin, indican (Figure
12), indigo (Figure 10), and a glucosinolate sinigrin (Figure 9)
and B-sitosterol were tested for anti-SARS-CoV 3CLF® effects, of
these compounds indigo, sinigrin, -sitosterol inhibited cleavage
actvity of the 3CLP* in cell-free and cell-based assay. Sinigrin
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showed a good correlation between the effects on cell-free and
cell-based cleavage of the SARS-CoV 3CLF®, and sinigrin and
indigo were not found to be toxic to Vero Cells (34).

I. indigotica also used in the clinical treatment of several viral
diseases. Isolated compounds from I. indigotica (isatin, indican,
indigotin and indirubin) (Figures 11 and Figure 12), exhibited
immunomodulatory and antiviral effects. Another study of
Chang et al. (37) on [ indigotica extracts and the alkaloids;
indigo (Figure 10) and indirubin (Figure 12) inhibited Japanese
encephalitis virus replication 77 vitro.

Binding affinities of 20 alkaloids as well as some terpenoids
isolated from some African plants consist of 8 indol alkaloids,
5 naphtoisoquinoline alkaloids, 5 cryptolepine alkaloids, a
furoquinoline and a diterpene alkaloid were investigated against
the 3-chymotrypsin-like protease (3CLF®) (18). As a result of
the study, the two natural alkaloids 10-hydroxyusambarensine
(Figure 13) and cryptoquindoline (Figure 14), were found to
be potent of inhibiting both SARS-CoV-2 and SARS-CoV.
Therefore, they should be subjected to advance experimental
studies against SARS-CoV-2 3CLP® for the prevention and
treatment of COVID-19.

In another comprehensive study, over 200 Chinese medicinal
plant extracts were screened for antiviral activity against SARS-
CoV, among them, the four extracts showed moderate to potent
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antiviral activities. From the tested four plant extracts (Lycoris radiata,

Artemisia annuna, Pyrrosia lingua, Lindera aggregata), L. radiata was N Q
the most potent extract, and a pure compound lycorine (Figure /4

15) was identified anti-SARS-CoV alkaloid with an EC, value O

15.7+1.2 nM (38). In a recent study, lycorine was also investigated

against several virus strains (HCoV-OC43, HCoV-NL63, MERS-

CoV, and MHV-A59) inhibiting cell division with the IC values O Q
0.15, 0.47, 1.63, and 0.31 uM, respectively (22,38,39). However,

the toxic effect of lycorine at low dosage (~1mg/kg in dogs) should N N
be considered (28). I

Another study was performed in 2005 on a Chinese medicinal plant
focusing to determine the anti-SARS-CoV activity of cepharanthine ~ Figure 14. Cryptoquindoline
(Figure 16) in vitro (40). Stephania tetrandra and other related
species of Menispermaceae family afforded bis-benzylisoquinoline
alkaloids including cepharanthine (Figure 16), fangchinoline
(Figure 17), and tetrandrine (Figure 18). Although anticancer and
anti- inflammatory activities of these alkaloids were previously
studied, their antiviral activity studies are still ongoing. In 2019,
a study reported on the antiviral activity of bis-benzylisoquinoline
alkaloids; cepharanthine, tetrandrine and fangchinoline showing
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significant inhibition on virus human coronavirus HCoV-
OC43-infected MRC-5 human lung cells. They subsequently
suppressed its replication and inhibition of viral S and N protein
expressions (41).

In a previous study, 17 alkaloids out of 49 alkaloids isolated from
the methanol extract of another Stephania species S. cepharantha
have shown anti herpes-simplex-virus activity (42).

Some natural and synthetic phenanthroindolizidines and
phenanthroquinolizidines alkaloids were found to be potential
inhibitors against enteropathogenic coronavirus
transmissible gastroenteritis virus (TGEV). They also decreased
cytopathic effect in Vero 76 cells infected by SARS CoV. These
alkaloids, named “tylophorine compounds” (Figure 19) can be
potent anti-coronavirus agents in the future to treat TGEV or

SARS-CoV infections (43).

in vitro

In a recent study, among 290 agents screened against the SARS
and MERS CoVs, an alkaloid emetine (Figure 20) was found to
be the most promising agent showing the lowest half-maximal
effect. The most notable result was the observation of emetine in
the human blood 300 times higher in the lungs. In fact, emetine
was reported earlier as a MERS-CoV replication inhibitor and
approved in 2015 by the FDA drug register list (44,45).

In a very recent study, some plant extracts and their isolates
were searched against different human CoVs including the
strains of SARS-CoV-2, SARS-CoV, MERS-CoV, and HCoV.
Among the potent antiviral compounds, several alkaloids or
alkaloid-like compounds were found to be promising agents
besides some phenolics. Their action mechanisms are given
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Figure 19. Tylophorine

Figure 20. Emetine
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below in parenthesis for each; including desmethoxyreserpine
(by replication, 3CLP* & entry) (Figure 21) and moupinamide
(by PLr) (Figure 22) against SARS-CoV-2; sabadinine (by
inhibition of CoV protease) (Figure 23), aurantiamide acetate
(by inhibition of active pocket of CoV protease) (Figure 24),
sinigrin (by inhibition of 3CLf*) (Figure 9) and indigo (by
inhibition of 3CLF®) (Figure 10) against SARS-CoV 3CLpro
through inhibition of CoV-protease, tryptanthrin (Figure 25)
and indigodole B (Figure 26) (by blocking viral RNA genome
synthesis and PLP® 2 activity against viral strain HCoV-NL63)
(28,34).

Conclusion

In the 21* century, the COVID-19 pandemic poses a major
challenge to mankind following 2002-2003 SARS and 2012

OMe

MeO

OMe

Figure 21. Desmethoxyreserpine
OH
i /\Q/
X N
H

Figure 22. Moupinamide

MeO

HO

HO
OH OH

HO N
Me

OH
0 Me
HO

HO

Figure 23. Sabadinine



Bezmialem Science 2020;8(Supplement 3):131-9

MERS epidemics. Although a vaccine would be available in the
near future, a variety of mutant forms of the CoVs would occur,
particularly of the SARS-CoV-2. Therefore, we have to find new
sources and new strategies to create new drugs from all possible
sources. For this purpose, the nature is an unbelievable treasure
with rich biodiversity of terrestrial plants and animals, as well as
marine organisms which most of them have never studied yet.
As a result of over the last 20 years in search of finding anti-viral
drugs, some promising natural products were determined having
alkaloid or terpenoid or phenolic structures. Among natural
compounds tested for antiviral activity, about 100 alkaloids were
found to be potent anti-viral agents, at least. This number will
be increased by searching marine organisms. Microbes, especially
bacteria and fungi are other resources to produce new drugs
as well as nucleosides, nucleotides, and nucleic acids. Arbidol
which is a small indol derivative which has been previously tried
to use in the treatment of a bench of viral diseases including
coronaviral ones and even now in COVID-19, but still more
clinical trials are needed. Several indol alkaloids mentioned
above in this review are also promising antiviral drugs. In this
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alarming period, as emergency agents favipravir and remdesivir
(Figure 4) have been used by some countries as known antiviral
compounds and they are still subjected to a large number of
clinical trials. Considering literature studies and presently used
and developed drugs, most of the treatment mechanisms of the
viral infections require the drugs which work as protein/enzyme
inhibitors, in general. In the case of COVID-19, the SARS-
CoV-2 uses ACE-2 as receptor, via binding of spike glycoprotein
(S protein) to ACE-2, therefore soluble ACE-2 might be a
most potent candidate for COVID-19 treatment. Beside many
synthetic compounds, particularly natural compounds have been
shown strong inhibition on main protease (3CL™) of the SARS-
CoV-2, which can be lead drugs. The other protease (PLF*) and
some other enzyme inhibitors (such as neuraminidase inhibitors)
in addition to RNA-dependent RNA polymerase inhibitors are
another potential drugs. Thus, in silico virtual screening studies
should be the first step in discovering new and/or developing
repurposing drugs from both synthetic and natural sources,
then in vitro, in vivo and clinical studies should be carried out
immediately.
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ABSTRACT

A novel coronavirus (2019-nCoV), named as severe acute
respiratory syndrome-CoV-2 (SARS-CoV-2) later, was first detected
at Wuhan, China, in December 2019. COVID-19, the disease
caused by SARS-CoV-2, is highly contagious and has mild to severe
symptoms ranging from generalized weakness, headache, dizziness,
fever, cough, and dyspnea to severe hypoxia with acute respiratory
distress syndrome and multiorgan failure. The unclarity of the virus’
pathophysiology and lack of a targeted therapy make the disease very
challenging to treat for physicians. Cordyceps sinensis and Cordyceps
militaris are entomopathogenic fungi which are used for their anti-
inflammatory, immunomodulatory, lung improving, and antiviral
functions in Traditional Chinese Medicine. Thus, advanced search
for C. sinensis and C. militaris has proven several compounds from
these fungi have the functions that they are thought to have. This
review aims to discuss whether C. sinensis and C. militaris can be
used for COVID-19 treatment in light of previous studies.

Keywords: COVID-19, C. sinensis, C. militaris, antiviral, anti-
inflammatory

0z

Siddetli akut solunum yolu enfeksiyonu-koronaviriis-2 (SARS-
CoV-2) olarak adlandirilan yeni bir koronaviriis (2019-nCoV), ilk
olarak Aralik 2019°'da Vuhan, Cinde tespit edildi. SARS-CoV-2’nin
neden oldugu COVID-19 oldukea bulasicidir ve genel halsizlik,
bas agrisi, bag dénmesi, ates, oksiiriik ve nefes darligindan akut
solunum sikintist sendromu ve multiorgan yetmezligi olan siddetli
hipoksiye kadar hafif ile siddetli semptomlara sahiptir. Viriisiin
patofizyolojisinin  belirsizligi ve hedefe yonelik bir tedavinin
olmamasi, doktorlar icin hastaligi tedavi etmeyi ¢ok zorlastirir.
Cordyceps sinensis ve Cordyceps militaris, Geleneksel Cin Tibbinda
anti-enflamatuvar, immiinomodiilatér, akciger iyilestirici ve antiviral
fonksiyonlart icin kullanilan entomopatojenik mantarlardir. Bu
nedenle, C. sinensis ve C. militaris icin yapilan ileri arastirmalar,
bu mantarlardan elde edilen gesitli bilesiklerin diisiiniilen islevlere
sahip olduklarini kanidlamistir. Bu derleme, daha once yapilan
calimalar isiginda, C. sinensis ve C. militarisin COVID-19 tedavisi
icin kullanilip kullanilamayacagini tartismay: amaglamakeadir.

Anahtar Sozciikler: COVID-19, C. sinensis, C. militaris, antiviral,

anti-enflamatuvar
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Introduction

(CoVs) are
single-stranded RNA viruses with an envelope belonging to the

Coronaviruses non-segmented positive-sense,
family of Coronaviridae (1). They are zoonotic viruses with a
broad distribution among humans, other mammals, and birds;
causing a wide range of infections which affect respiratory,
gastrointestinal, hepatic, and nervous systems (2). Until the
novel coronavirus (2019-nCoV) was first detected at Wuhan,
China and spread rapidly all over the world (3), six species of the
virus were known to cause human disease. While four of them
[229E, OC43, NL63, and HKU1) typically cause common
cold symptoms, the other two beta-CoVs (SARS-CoV (4) and
MERS-CoV (5)] can cause severe acute respiratory syndrome
which can be fatal (6). Later, the novel CoV (nCoV) was
designated as SARS-CoV-2 due to its similarity to SARS-CoV,
and the name CoV disease-19 (COVID-19) was given to the
disease caused by SARS-CoV-2 (7). International Committee
on Taxonomy of Viruses has announced the official name of
the virus as SARS-CoV-2 (8). The typical presentation for
COVID-19 is lower respiratory tract infection with fever, dry
cough, and dyspnea (9). These respiratory symptoms can range
from minimal symptoms to severe hypoxia with ARDS. Thus, the
involvement of other organ systems and symptoms as generalized
weakness, headache, dizziness, diarrhea, and vomiting are also
reported (10). To the date, higher mortality rates in older
adults and lower incidence in children have been reported by
epidemiological studies (11). Recent studies of CoVs have shown
that increased levels of serum proinflammatory cytokines are
associated with pulmonary inflammation and damage in Middle
East Respiratory Syndrome-CoV (MERS-CoV) (12), SARS-
CoV (13), and SARS-CoV-2 (10). Previous reports of increased
levels of proinflammatory cytokines such as interleukin (IL)-6,
IL-8, IL-10, tumor necrosis factor (TNF)-a., granulocyte-colony
stimulating factor, monocyte chemoattractant protein-1 and
macrophage inflammatory protein-1a in the plasma with severe
disease indicate inflammatory response and cytokine storm plays
a crucial role in the disease’s pathophysiology (14). Since no
targeted therapy has been discovered to treat COVID-19 yet, it
is still challenging for physicians to treat the disease with classic
supportive techniques (rest, oxygen saturation, prevention of
dehydration, adequate nutrition and control water, electrolyte
and acid/base balance) (15) and antivirals (16). Nevertheless,
mushrooms can be another treatment option in the light of their
usage for previous SARS-CoV infection.

The number of species of mushrooms in the world is estimated
to be 140,000, but only 10 % (about 14,000 named species) are
known (17). Mushrooms have been consumed by humans for
their nutrient and pharmaceutical properties since ancient times
(18). Especially in Traditional Chinese medicine, they have been
used to support the immune system, to improve lung and kidney
functions, to treat chronic bronchitis (19), to control the blood
glucose levels, and to protect the liver (20). Previous researches
showed that mushrooms contained a vast amount of bioactive
compounds such as phenolic, flavonoid, and organic compounds,
terpenoids, lectins, proteins, and polysaccharides (21-23), which

can be used as immunostimulatory, anti-inflammatory, antiviral,
antioxidant, antifungal, and antitumoral in modern medicine

(24).

The genus Cordyceps under the division of Ascomycota
includes over 500 species of fungi which are entomopathogenic
to arthropods (25). C. sinensis and C. militaris are the most
known and the most valued species of the genus in Traditional
Chinese Medicine (26). They have been used as medicine
for their immunological regulation, free radical scavenger,
anticancer, antiviral, antifungal, analgesic, antihyperlipidemic,
antileukemic, and lung improvement properties in Traditional
Chinese Medicine (27,28) (Figure 1). The exhaustive search for
COVID-19 treatment has made the drugs of different purposes
available for the COVID-19 treatment, indicating drugs derived
from mushrooms can also be applicable for the treatment. Thus,
many studies have shown that C. sinensis and C. militaris possess
antiviral, immunomodulatory, and lung function protective
effects, which can also be applicable for COVID-19 treatment.
A previous study by Singh et al. (29) showed that C. sinensis
increased the tolerance against hypoxia developing in the lung by
increasing Nrf2 and HIF1o and decreasing NF«B in vitro. It also
increased the anti-inflammatory cytokine TGF-f3 (29). Moreover,
another study by Fu et al. also showed supportive results with
the protective effect of C.sinensis extract on lipopolysaccharide-
induced lung injury in mice. They demonstrated that this effect
was occurred via reducing the total number of macrophages and
neutrophils and expression of TNF-a., IL-6, IL-1f; the binding
ability of NF-kB p65 DNA and inhibiting the mRNA expression
of COX-2 and iNOS in lung tissue with a dose-dependent manner
(30). Their data also revealed that C. sinensis could be used as a
potential drug for acute lung injury treatment. Another study
by Chen et al. (31) also showed similar results for C. sinensis
with reducing bleomycin-induced fibrosis in mice by decreasing
the number of inflammatory cells and fibroproliferative foci with
a dose-dependent manner. Their data suggested that C. sinensis
could be used not only to prevent lung fibrosis but also to treat
it. In addition, Wang et al. (32) and Xu et al. (33) studies have
shown that C. sinensis inhibits lung fibrosis.

These results were also supported by Kim et al. (34) with showing
cordycepin from C. militaris inhibits the NO production in
macrophages by downregulating the iNOS, COX-2 expression,
and TNF-a gene expression. Additionally, Yang etal. (35) showed
that cordycepin inhibited the Th2 dominated inflammation and
reduced Th2 associated cytokines, including IL-4, IL-5, and
IL-13, with a dose-dependent manner on Ova-induced mouse
model of asthma.

In addition to their anti-inflammatory effects, C. sinensis and C.
militaris also have an antiviral effect on several viruses. In 1991,
Mueller et al. (36) reported that cordycepin had an antiviral effect
on HIV-1 in vitro. Therefore, Jiang et al. (37) reported adenosine
from C. militaris had an HIV-1 protease inhibitory effect. Lee
et al. (38) demonstrated the antiviral effect of C. militaris on
DBA/2 mice infected with HIN1. They showed a significant
survival improvement with C. militaris treatment. They also
demonstrated a significant decrease of TNF-o. on treatment
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group, suggesting C. militaris has an immune-enhancing in
healthy mice while the immune-inhibitory effect in HIN1
infected mice (38). Another study for C. militaris’ anti-influenza
effect was performed by Ohta et al. (39). They demonstrated
a significant decrease of virus titers in both lung tissue and
bronchoalveolar lavage fluid of the mice treated with an acidic
polysaccharide (APS) isolated from C. militaris intranasally.
Since they did not observe any direct antiviral effect of the APS
in vitro, they thought the anti-influenza effect of the APS was
occurred by its immunomodulatory effects (39). In addition
to anti-HIV and anti-influenza activities, C .militaris also has
the anti-HCV effect, which was previously described by Ueda
et al. (40). They also reported that cordycepin was probably
the responsible molecule for this activity by inhibiting RNA-
dependent RNA-polymerase (NS5B) of HCV (40).

C. sinensis and C. militaris can modulate the immune response in
addition to their anti-inflammatory, antiviral, antioxidant, and

antifibrotic properties mentioned in the above literature; It may
be suitable for the pathologies that occur in COVID-19.

Discussion

SARS-CoV-2, which is previously known as nCoV, has spread
throughout the world rapidly after it was first detected at
Wuhan, China, and declared as a pandemic by WHO. Although
pathophysiology of the virus has not been clarified completely
yet, it is known that the cytokine storm plays a crucial role, and
lungs are the most affected organs with severe inflammation.
Thus, there are no data available about the disease’s long term
effects on the lungs and other organs. Permanent fibrosis may be
seen in the patients overcoming the disease. It seems like drugs
targeting the excessive immune response and the virus itself hold
the potential to be used for COVID-19 treatment. C. sinensis
and C. militaris are traditionally used mushrooms to improve
lung functions and regulate the immune system in China. Thus,
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Figure 1. Effects of C. sinensis and C. militaris

IFNy | (39,47)

Hypoxia Tolerance
Nrf2 1 (37)

HIF11 (37)
NFkB | (37)

Ig: Immunoglobulin, IL: Interleukin, IFN: Interferon, MMP: Matrix metalloproteinase, TIMP: Tissue inhibitors of metalloproteinases, TNF: Tumor
necrosis factor, GSH: Glutathione, VEGF: Vascular endothelial growth factor

142



Bezmialem Science 2020;8(Supplement 3):140-4

according to previous researches mentioned above, C. sinensis
and C. militaris can be effective agents for the prevention and
treatment of COVID-19 by immunomodulating, reducing the
proinflammatory cytokines, preventing lung fibrosis, improving
tolerance to hypoxemia and inhibiting the viral enzymes.

Moreover, they can also be used either to maintain the lung
functions after overcoming the disease. This paper demonstrated
that C. sinensis and C. militaris might be used for the treatment
of the COVID-19 for reducing inflammation and fibrosis,
increasing immune response and antiviral effect. It may be a
better option to use anciently known and well-studied agents
rather than discovering new ones to find a rapid treatment for
COVID-19 in these pandemic times. Further investigations of
the mechanisms involved are needed.

Limitation

While C. militaris can be cultured in the laboratory conditions,
C. sinensis can only grow in the nature, and it may be endangered
due to overuse. Therefore, many types of research mainly focused
on C. militaris due to either difficulty to find C. sinensis samples
and to protect the species from the human overuse.
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ABSTRACT

The emergence of the new pathogenic viral strains is a constant
threat to global health. The latest new coronavirus strain
coronavirus-2019 (COVID-19) is the best-known example of this.
COVID-19, caused by the severe acute respiratory syndrome-CoV-2
virus has quickly spread around the globe. The applications of drug
and vaccine practices, and the identification of potential candidates
are of high importance against this pandemic. On healthy adults, a
proper evaluation of potential vaccines in parallel with vaccination
studies on animal models and an enlargement of production
capacity will benefit minimum risk and accelerated COVID-19
vaccine studies for human subjects. The purpose of this review is to
contribute to the analysis of vaccine development strategies, vaccine
development stages, phase studies and the difficulties, production
stages and current status of potential vaccine studies developed to
prevent COVID-19.

Keywords: COVID-19, vaccine, pandemic

Introduction

In December 2019, a new coronavirus (CoV) pneumonia due to
animal-to-human transmission emerged in the local wild animal
markets of Wuhan, Hubei province of China, and then the virus
started to spread from person to person (Figure 1) (1). nCoV-
2019, called a new SARS-like CoV (SARS-CoV-2), has spread
all over the world and has become a global public health problem
over time. The World Health Organization (WHO) stated that

oz

Yeni patojenik viral suslarin ortaya ¢ikmasi kiiresel saglik icin
stirekli bir tehdit olusturmaktadir. En son yeni koronaviriis-2019
(COVID-19), bunun en iyi bilinen 6rnegidir. Siddetli akut
solunum yolu enfeksiyonu-koronaviriis-19 viriisiiniin neden oldugu
COVID-19 hrzla diinyaya yayilmistr. Bu salgina karst ilag ve ast
calismalarinin gerceklestirilmesi ve potansiyel agi adaylarinin hizlt
bir sekilde tanimlanmas: oldukca dnemlidir. Saglikls yetigkinlerde
aday agilarin, hayvan modellerindeki agi ¢alismalarina paralel olarak
dogru sekilde degerlendirilmesi ve {iretim kapasitesinin biiytitiilmesi,
insan denekler icin minimum risk ve hizlandirilmis COVID-19
ast caligmalarina fayda saglayacakur. Bu derlemenin amaci, ast
gelistirme  stratejileri, agi gelisim asamalari, faz calismalar ile
COVID-19'u 6nlemeye yonelik gelistirilen aday ast galismalarinin
giicliikleri, tiretim asamalart ve mevcut durumlari hakkinda bilgi
vererek analiz edilebilmelerine katki sunmaktir.

Anahtar Sézciikler: COVID-19, as1, pandemi

the disease agent is a nCoV and declared the coronavirus disease
(COVID-19) as a Public Health Emergency of International
Importance on Jan 30, 2020, and then as a pandemic on Mar
11™, 2020 (1,2).

CoVs, a large single-stranded RNA virus (+ssRNA) family that
can be isolated in different animal species, have gradually become
the main pathogens of the respiratory tract disease outbreaks
(3). Coronaviruses (CoVs) are viruses with the largest RNA
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genome (about 120 nanometers in size) detected to date. The
coronavirus genome, which is a member of the Coronaviridae
family, resembles a crown sphere with positive polarity (mRNA),
single-stranded, enveloped, 125 nanometer in size, wand-like
projections around it (4). CoV ses that affect both humans and
animals are divided into four different subgroups, alpha, beta,
gamma and delta CoV, based on the sequence identity of the
spike (ear of grain) protein or non-structural proteins. Human
coronaviruses (HCoV) such as 229E, OC43, NL-63 and HKU-
1 are highly contagious respiratory viruses responsible for
approximately 10-20% of annual common cold cases. HCoV-
related disease can often cause severe upper and lower respiratory
tract infections in the young and elderly population (1). Highly
pathogenic CoVs can arise from zoonotic reservoirs (5). It is
stated that SARS-CoV-2 is inactivated by ultraviolet (UV)
rays or by heating at 56 °C for 30 minutes, and is sensitive to
many disinfectants such as diethyl ether, 75% ethanol, chlorine,
peracetic acid and chloroform. In addition, it has been shown
that SARS-CoV-2 is more permanent on plastic and stainless
steel than copper and cardboard and can survive more than 72
hours on these surfaces (6).

Mechanism of Action for COVID-19

The genetic sequence of SARS-CoV-2 is 270% similar to
SARS-CoV. For this reason, it is stated that the virus uses the
same cellular entry receptor Angiotensin-converting enzyme-2
(ACE-2) (7). ACE-2, most commonly found in lung type 2
alveoli, is also expressed by many cells, including glial cells and
neurons (8). After SARS-CoV-2 enters alveolar epithelial cells,
it proliferates rapidly and triggers a strong immune response.
Ultimately, this condition causes cytokine storm and pulmonary
tissue damage (7). Cytokine storm is a very important immune
system hyperreaction in which cytokine is released into the
systemic circulation at a rapid and very high rate. Fever, acute
respiratory distress and multiple organ failure develop due to
hypercytokinemia, which is called the uncontrolled production
of pro-inflammatory cytokines (7,9). SARS-CoV-2 infection
reduces the total number of T-cells, CD4+ and CD8+ T-cells,
and destroys surviving T-cells functionally (7). In addition,
interleukin (IL-6, IL-2, IL-7, IL-10), interferon (INF), tumor
necrosis factor (TNF-a), macrophage and inflammatory protein
(MIP1A) levels are high and mostly coagulopathy and diffuse

Direct
contact

[Through food

Human to
human
transmission

Primary host:

Bat

Figure 1. Severe acute respiratory syndrome coronavirus 2
transmission route
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intravascular coagulation (DIC) develops. In severe cases,
microvascular thrombosis and coagulation factors are depleted
in DIC that develops as a result of the activation of fulminant
coagulation (10).

Viral Immune Response

The innate immune response is the first line of defense to
protect against pathogen (virus, bacteria) infections. Pattern
recognition receptors (PRR) produced by immune system cells
are used to identify molecules such as double stranded viral RNA
pathogen. When viruses infect the host, they multiply in many
different cells of the host, settle in different tissues and show high
antigenic properties in living organisms. Because of this feature,
they generate both humoral and cellular immune response after
they enter the organism. This developing immune response
depends on the structure of the virus, the way it spreads, and
the structural, genetic and biological characteristics of the host.
With respect to respiratory viruses, Toll-like receptor (TLR3) 7
and 9 recognize various viral replication products. Each of the
TLRs that recognize nucleic acids expressed by macrophages and
dendritic cells, which are part of innate immunity, can activate
the transcription of genes that induce IFN (lambda interferon).
When viral infections develop type 1 IFN expression (usually
IFN-a, IFN-) and an innate antiviral defense response occurs.
Antiviral activity performed by type I IFNs directly inhibits viral
replication. In addition, type 1 IFNs can regulate the cellular
immune functions of both natural and adaptive immune
systems, and they do this to conserve long-term immunity and
maintain resistance to viral infections. Among the three types of
IFN, IFN-A, one of the Type III IFNs, plays an important role
in antiviral immune activities (11).

Immunity Expected as a Result of Viral Vaccines

The type of vaccines, the size, character and duration of the
immune memory are important in providing immunity. T-cells,
which are very important in the immune system, express the
antigen-recognizing receptors and degenerate while recognizing
the antigen. The selection of T-cells in the thymus is governed
by the interactions of T-cell receptors. In this case, the selection
of T cells is necessary for the recognition of pathogen-derived
antigens (12). One mechanism defined by changes in humoral
and cellular vaccine responses is the polymorphism in the major
histocompatibility complex genes. Other genetic factors are
polymorphisms in PRRs such as TLR or RIG-I like receptors
(RLR). In addition, single nucleotide polymorphisms (SNP) in
other genes and different expression levels of genes also influence
vaccine responses (13). In vaccine studies on coronavirus, SARS-
CoV particles inactivated by B-propiolactone, formalin, UV
light or a combination of the two techniques were administered
to animals (mice, rabbits) in various ways, and as a result,
higher IgG antibody titers were detected as a result of high-
dose vaccination. In addition, it has been determined that DNA
vaccines expressing the SARS-CoV S protein protect against
virus replication by inducing humoral and cellular immunity in
mice, causing an increase in CD4+ T-cells and creating a stronger
antibody response (14).



Bezmialem Science 2020;8(Supplement 3):145-52

Vaccine Definition and Antiviral Vaccine Types

Vaccines, which have the potential to save life and protect people
from the effects of infectious diseases, are biological substances
“developed from pathogens or synthetically” that cause disease in
order to gain immune memory by creating an immune response
and to produce antibodies. The aim of vaccination is to facilitate
the rapid response required to prevent disease formation (15).

Antiviral vaccines can be divided into two broad categories.

a. Gene-based wvaccines: Gene-based vaccines deliver gene
sequences that encode protein antigens that are produced by
host cells. These include live-virus vaccines, recombinant vaccine
vectors, or nucleic acid vaccines.

b. Protein-based vaccines: These vaccines include fully inactivated
virus, individual viral proteins or subdomains, or viral proteins
that are all assembled as particles all produced in vitro.
Recombinant vaccine vectors and nucleic acid vaccines are best
suited for speed because they can be more easily adapted to
platform production technologies where upstream supply chains
and downstream processes are the same for each product (16).

Vaccine Development Strategies

One of the important goals in vaccine development is to
determine the immune response that should be elicited by the
vaccine. Antibody mediated neutralization has traditionally
been the main target of vaccines. Because many pathogens
require receptor-mediated binding to cells and/or fusion, or
mediate pathogenicity by producing specific toxins. These can
all represent protective antibody targets. New vaccines targeting
more complex pathogens are designed to enhance other aspects
of innate and adaptive response. The relative contribution of
antibodies, CD4+ and CD8+ T-cells and the innate immune
process to protection from infections should be evaluated and
then transferred to vaccine-induced primary immunity. Vaccines
need to be produced efficiently and administered in a manner
acceptable to the recipient. In the earliest vaccines, either living
(attenuated versions of the pathogen or organisms capable
of causing cross-reactive immunity but less virulent without
inducing disease) or dead all organisms were used. All organisms
have the advantage of being highly immunogenic and typically
stimulate a response similar to that produced by natural infection.
However, they can also produce the pathology caused by natural
infection (17).

Vaccines can take a long time to make and distribute, and
ensuring adequate supply worldwide is another challenge. One
of the most challenging aspects of vaccine design is continuing to
evaluate the effectiveness/efficacy of new vaccine formulations.
The road to licensure involves understanding the biology
and immunology of host-pathogen interactions. For this,
immunological criteria, the nature of the vaccine formulation, its
relationship with the antigens selected to maintain the specific
immune response, the evaluation of immune responses, and
testing in animal models and humans are aimed. Evaluating
whether adjuvants are necessary to enhance the immune
response to the vaccine antigen is a key decision. Likewise, the

ability to develop a scalable, robust and repeatable formulation
suitable for production is critical to a successful license. Facilities
are required for the production and packaging of the vaccine.
Proper storage of vaccines and monitoring at administration sites
is critical because improper storage can render the vaccine to a
non-immunogenic vaccine or potentially harmful (18).

Vaccine Development Stages

Combining the correct antigens and adjuvants to optimize the
adaptive immune response is essential in the development of any
new vaccine, and the production of vaccine antigens should be
practically feasible (17). The time required for a vaccine to be
produced and distributed varies by product and type of vaccine.
Production can be relatively simple or more complex. Additional
studies such as determination of viability and shelf life for live
attenuated vaccines are required. From the moment the raw
materials are supplied, it may take 10-26 months for vaccines to
be ready for shipment. Thanks to technological developments, it
is possible to accelerate these stages, but it is possible to return to
the beginning after a mistake and extend the time. Continuous
monitoring of efficacy and safety in vaccinated populations is
essential to maintain confidence in vaccine programs (18). The
development of any new vaccine includes the following stages

17).
Life cycle of the pathogen and epidemiology: Knowledge of

pathogen structure, route of entry, interaction with cellular
receptors, replication sites and disease-causing mechanisms are
important to identify appropriate antigens for disease prevention.
Demographic characteristics of the infection, specific risk groups,
and age-specific infection rates determine which population will
be vaccinated at what age.

Immune control and escape: Interactions between host and
pathogen are investigated by determining the relative importance
of antibodies, different types of T-cells and innate immunity,
immune escape strategies during infection, and possible
immune relationships of protection. This information guides the
specific immune response required for protection, as well as the
identification and selection of the antigen.

Antigen selection and vaccine formulation: The selected antigen
can be formulated so that it remains suitably immunogenic and
stable over time, elicits a potentially protective immune response,
and is also ultimately amplified for commercial production.

Vaccine preclinical and clinical testing: The candidate vaccine must
be tested for immunogenicity, safety and efficacy in preclinical
and appropriately designed clinical trials (17). Studies of the
phase until the vaccine is put on the market are given (Table 1)

(18).

Vaccines are the most effective and economical way to prevent
and control infectious diseases (19). Due to the human and
economic effects of COVID-19, it has become necessary to
evaluate new generation vaccine technology platforms and to
accelerate the vaccine development studies against this pandemic
(20). Rapid vaccine development is a global imperative to
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prevent COVID-19. A higher level of community immunity can
be achieved thanks to the pandemic ability of viruses to spread.
However, this may happen with recurrent waves of infection
in the next few years until an effective vaccine against SARS-
CoV-2 is found or approximately 60-70% of people develop
immunity. The consequences of recurrent outbreaks may result
in unacceptably high mortality and serious economic losses,
and ultimately necessitate major changes in human lifestyle.
It is therefore imperative to ensure access to approved vaccines
available for large-scale distribution over the next 1-2 years (16).

Since the world has not yet developed a vaccine or drug against
COVID-19, it is trying to gain time and immunity by delaying
the spread of the disease (21). While new outbreaks from newly
emerging viruses are inevitable, scientists, epidemiologists
and the healthcare industry continue to develop vaccines and
antivirals using global viral surveillance programs and race new
technologies to minimize and control the epidemic (1).

COVID-19 Current Vaccine Strategies

SARS-CoV-2 viral RNA encodes various proteins, including
four structural proteins whose potential targets are Spike (S),
Envelope (E), Membrane (M), and Nucleocapsid (N) (17)
(Figure 2) (22). CoV S protein is the main envelope glycoprotein
and is the main determinant of protective immunity. The S
protein consists of two basic subunits, S1 and S2. S1 directs
receptor binding while S2 is responsible for membrane fusion.
Due to the high selective pressure and tropism determinants, the
S protein is the most diverse region of CoV. This diversity poses a
major challenge to the progress of vaccine development. Surface
glycoproteins are the main target for vaccine development (1).
The S protein is the outermost part of the virion that shows
high glycosylation among the surface proteins of CoV on the
envelope. In addition, it is an important structural protein that
allows the virus to attach to the specific cell and enter the host
cell (23). One of the main targets of CoV vaccines in humans
is to elicit a strong humoral immune response against the S
protein (1). It is stated that 12-18 months may be required for

the development of a producible, safe and effective vaccine for
COVID-19 (24). MERS-CoV-specific CD4+ and CD8+ T cells,
learned from previous MERS-CoV infection, were detected
in mononuclear blood cells of infected individuals. Therefore,
the balance of T and B cell responses has often been considered
the gold standard for preventing and resolving MERS-CoV
and SARS-CoV infection (1). Hyperimmunoglobulin isolated
from the sera of recovered patients who produce high antibody
titers may provide passive immunity against SARS-CoV-2. It
is stated that antibody-dependent therapy may represent the
most effective, short-term therapeutic intervention, if S protein
targeting, regulatory and safety requirements can be addressed
(24). Since the S proteins between SARS-CoV and SARS-CoV-2
show only 76-78% sequence similarity, it reduces the likelihood
that existing test vaccines and antivirals will protect against

SARS-CoV-2 (1).

Rapid diagnosis, vaccines and therapeutics are extremely
important interventions for COVID-19 pandemic management
(25). Many countries, companies and institutions share their
COVID-19 action programs and their developments in vaccine
development against this virus with the world. Today, many of
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Figure 2. Coronavirus cross section

Table 1. Vaccine Phase Studies
In this phase, the aim is to collect the initial safety and immunogenicity data of the vaccines and these

Phase-1 studies

individuals, typically containing <100 volunteers, are healthy individuals.

These studies are also used for dose and sometimes program optimization.

These studies typically involve 100 volunteers in the targeted patient population.

Phase-2 studies

In this phase, it is aimed to verify the dose amount, frequency and route of administration, to create

immunogenicity data in the target population, to collect additional safety data and, if possible, to show
“proof of concept” from the immunogenicity and/or efficacy endpoints.

Phase-3 studies, known as registration, typically involve 1,000 volunteers in the target population.

It frequently includes randomized control trials in which recipients are placed in actively vaccinated groups.

Phase-3 studies . .
of the candidate vaccine.

These large sample sizes are used to adequately address the immune response, efficacy, and reactogenicity

These studies could also examine the immunity and safety profile of the candidate vaccine when
administered with other vaccines routinely administered to the target population.

In parallel with Phase-3 clinical development, pilot-scale manufacturing progresses to full-scale production,

Phase-4 studies

including production of vaccine lots, and clinical testing to verify manufacturing consistency, and then

Phase-4 is reached and the vaccine is released and licensed.
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the vaccines studied against COVID-19 are in the design and
preparation phase, but there are some vaccines whose effectiveness
was evaluated in the first clinical studies and in animals (26).

COVID-19 Candidate Vaccine Production Studies

Since there is no coronavirus vaccine in the market and there is
not yet a large-scale production capacity for these vaccines, these
processes and capacities must first be established. Doing this for
the first time can be tedious and time consuming (27,28). But
the biggest challenge of vaccine and antiviral development is
the elusive nature of viruses that often arise from populations of
highly heterogeneous virus strains circulating in animal reservoirs.
The evolutionary dynamics of RNA viruses are complex and
their high mutation rates, fast replication kinetics, and large
population sizes pose major challenges for traditional population
genetics (21). There is no approved HCoV vaccine so far. The
development of vaccines that can be applied to humans can take
years, especially since their safety needs to be tested in detail and
superior new technological applications are required for serial
production (29). The Coalition for Epidemic Preparedness
Innovations (CEPI) has funded a large number of innovative
researchers in the field, and these researchers are seriously
working to develop the SARS-CoV-2 vaccine. However, none
of these companies and institutions have an established drug
development pipeline and the capacity to produce the required
number of doses to bring such a vaccine to late-stage clinical trials
that allow for licensing. An mRNA-based vaccine that expresses
the target antigen in vivo after injection of mRNA encapsulated
in lipid nanoparticles developed jointly by Moderna and the
Vaccine Research Center of the National Institutes of Health is
currently the furthest step. CureVac is also working on a similar
vaccine, even though it is still in the preclinical stage. Additional
approaches in the pre-clinical phase include recombinant-protein-
based vaccines (ExpresS2ion, iBio, Novavax, Baylor College of
Medicine and Sichuan Clover Biopharmaceuticals), viral-vector-
based vaccines (Vaxart, Geovax, Oxford University and Cansino
Biologics), DNA vaccines (Inovio and Applied DNA Sciences),
live attenuated vaccines (Serum Institute and Codagenix) and
inactivated virus vaccines (Table 2) (27). Inactivated vaccines
are an important traditional vaccine type that can be easily
produced and developed quickly. In this approach, SARS-CoV-2
virions can be chemically and/or physically inactivated to elicit
neutralizing antibodies. In studies of SARS-CoV and MERS-
CoV, neutralizing antibodies have been successfully and robustly
induced by an inactivated vaccine in all animal experiments, but
still need testing as there are concerns about the development
of antibody-related viral infection and other safety issues. Other
alternative vaccine approaches requiring further research and
testing in animals, including live attenuated vaccines, subunit
vaccines and vectored vaccines, should also gain momentum

(27,28).

All these platforms have advantages and disadvantages, and it
is impossible to predict which strategy will be faster or more
successful. Johnson & Johnson (J&]J) and Sanofi have recently
participated in SARS-CoV-2 vaccine development. While J&]
uses an experimental adenovirus vector platform that has not yet

resulted in a licensed vaccine, the Sanofi vaccine is planned to
be made using a process similar to that used for the approved
Flublok recombinant influenza virus vaccine, but they estimate
that it will result in human readiness within months (27).

Table 2. Overview of Vaccine Production Platforms and

Technologies for SARS-CoV-2.
SARS-CoV-2 Vaccines: Various Approaches

All vaccines aim to expose the body to an antigen that does not
cause the disease, but if a person becomes infected it causes an
immune response that can block or kill the virus. There are at
least eight types of vaccines being tested against CoV. These
types of vaccines consist of different viruses or viral parts, such as
genetically modified measles and adenovirus (30).

Viral vaccines: These vaccines are developed using the virus
itself, in a weakened or inactivated form. There are at least seven
teams involved in developing virus vaccines. Many of the current
vaccines, such as those against measles and polio, are made
this way, but they require extensive safety testing. Looking at
examples from around the world about virus vaccines; Sinovac
Biotech in Beijing has begun testing an inactive version of SARS-
CoV-2 in humans (30). Again, researchers at the University
of Hong Kong continue to work on vaccine development by
weakening the influenza virus in virus vaccine studies. molecular
clamp technology. This polypeptide retains the twisted S protein
so that the body’s immune system recognizes it before the virus
is activated (31).

Viral vector vaccines: There are about 25 groups reporting
that they are working on viral vector vaccines. A virus such as
measles or adenovirus was genetically engineered to produce
CoV proteins in the body. There are two types of these viruses:
those that can still reproduce inside cells, and those that
cannot cause disease because key genes are disabled (30). Over
the past century, outbreaks have been successfully controlled
thanks to vaccines (cholera, typhoid, polio, measles, plague,
tetanus) developed using various technologies, mainly with
classical pathogen inactivation or attenuation (32). Companies
(Sanofi and GlaxoSmithKline) have collaborated and have been
continuing their work rapidly for recombinant vaccines that use
genetic technology for the treatment of COVID-19 (33). Viral
vector vaccines are vaccines produced using recombinant DNA
technology, and this vaccine type studies continue intensively.
It can be classified into two main categories: DNA vaccines
and recombinant (protein subunit) vaccines. DNA vaccines
consist of synthetic DNA containing the gene encoding the
disease-agent protein. Recombinant (protein subunit) vaccines
are vaccines that contain a small part of the microorganism
rather than the whole one. Hepatitis B vaccine is an example
(34). When viral vector vaccine studies are analyzed; Novavax
uses recombinant protein nanoparticle technology that presents
viral S protein-derived antigen in vaccine development. Pasteur
Institute (France), on the other hand, continues to work against
the SARS-CoV-2 virus by adapting the vectorial measles virus.
In addition, Oxford University (England) tested the ChAdOx1
nCoV-19 vector vaccine funded by CEPI. This vaccine was
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tested on animals at the beginning of March and Phase 1 and
Phase 2 trials were started in 510 volunteers at the end of March.
CanSino Biologics (China) conducted a Phase 1 safety trial in
Wuhan on 18 March in 108 volunteers to test the recombinant
adenovirus vaccine candidate Ad5-nCoV, and a Phase 2 trial on
500 volunteers on April 12 (31). The Dokuz Eylul University in
Turkey (Izmir), spike protein recombinant vaccine development
continues to work against and ACE-2 receptor (35).

Nucleic acid vaccines: These vaccines aim to use genetic
instructions (in the form of DNA or RNA) for a coronavirus
protein that causes an immune response. There are at least 20
teams working on nucleic acid vaccines. Most of these vaccines
encode the spike protein of the virus, and then the nucleic
acid that makes copies of the virus protein is introduced into
human cells (30). There are many major biotechnologies that
have advanced nucleic acid vaccine platforms for COVID-19.
For example, INOVIO Pharmaceuticals is developing a DNA

vaccine, while others such as Moderna Therapeutics and
CureVac are researching RNA vaccine platforms (36-38). The
candidate vaccine from Moderna is an RNA vaccine developed
using technology that is faster, cheaper, and easier to scale than
traditional vaccine methods. The vaccine promises to be more
reliable as it is not produced by weakening living viruses, but based
on a synthetic RNA molecule encoding a single viral protein.
CureVac is also working against the mRNA-based SARS-CoV-2
virus. In addition, vaccination studies are accelerating to allow
human trials in parallel with animal trials due to the pandemic.
Based on the positive results of the INO-4800 DNA vaccine
developed by Inovio Pharmaceuticals (USA), it was allowed to
be tested in the Phase 1 clinical phase in 40 volunteers and the
first dose in humans was administered on April 6 (31). In Turkey,
Ankara University (Ankara) carries out DNA and peptide vaccine
development studies against COVID-19. Again, the first step of
DNA vaccination studies carried out by Ege University (Izmir)
has been completed and the second phase has been started (35).

Table 2. Overview of Vaccine Production Platforms and Technologies for SARS-CoV-2

Available, Licensed Human

Advantages

Disadvantages

No infectious virus needs to be

Platform Target Vaccines Using the Same
Platform
RNA vaccines S protein No
DNA vaccines S protein No
Recombinant Yes for baculovirus
rotein vaccines S proteini influenza, HPV) and yeast
P expression (HBV, HPV).
Viral vector-based . MY (Eryebo), 2105
. S proteini not for other viral vector
vaccines g
vaccines.
Live .attenuated Whole virion Yes
vaccines
Inacgvated Whole virion Yes
vaccines

handled, vaccines are typically
immunogenic, rapid production
possible.

No infectious virus needs to

be handled, easy scale up, low
production costs, high heat stability,
tested in humans for SARS-CoV-1,
rapid production possible.

The infectious virus does not
need to be addressed, vaccines
are typically immunogenic, rapid
production is possible.

No infectious virus needs to be
addressed, excellent preclinical and
clinical data for many new viruses,
including MERS-CoV.

Simple operation used for various
licensed human vaccines, existing
infrastructure can be used.

Simple procedure used for various
licensed human vaccines, existing

infrastructure can be used,

tested for SARS-CoV-1 in humans,

adjuvants can be used to increase

immunogenicity.

Safety issues with reactogenicity
have been reported.

Vaccine needs specific
delivery devices to reach good
immunogenicity.

Global production capacity may be
limited. Antigen and/or epitope
integrity needs to be verified. Their
efficiency must be high enough.

Vector immunity can adversely
affect vaccine efficacy (depending
on the vector chosen).

Creating infectious clones for
attenuated CoV vaccine seeds
takes time due to the large genome
size. Security tests must be
comprehensive.

Large amounts of infectious virus
need to be addressed (can be
mitigated using an attenuated
seed virus). Antigen and/or epitope
integrity needs to be verified.

HBV: Hepatitis B Virus, HPV: Human papilloma viriis, MERS-CoV: Middle east respiratory syndrome coronavirus, SARS-CoV: Severe acute respiratory syndrome

coronavirus
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Conclusion and Recommendations

Three pandemics caused by SARS, MERS, and SARS-CoV-2
are believed to have started as a result of bat coronaviruses that
crossed the species barrier. Therefore, other outbreaks are likely
to occur in the future due to the unlimited supply of coronavirus
available in the bat population. Prevention is always the best
treatment, and continuous viral surveillance of wild animals is
extremely important for potentially emerging CoVs. Clinical
trials begin with small safety studies in animals and humans,
followed by much larger studies to determine whether a vaccine
induces an immune response. As a result of all these, it may take
many years for the vaccine to emerge, so fast, reliable and easy-to-
use viral test kits should be developed on the research side. The
continuous development of vaccines and antivirals will provide
an assurance of fighting and controlling emerging CoV diseases.
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ABSTRACT

The agent responsible for the epidemic that first appeared in Wuhan,
China, in December 2019 was detected to be the new coronavirus
(2019-nCoV). Later, the virus that caused respiratory tract infection
was discovered to be a member of the beta-coronavirus family, it
was named as severe acute respiratory syndrome-CoV2 (SARS-CoV
2), and the disease it caused was called CoV infection disease-19
(COVID-19). The epidemic started in China, spread rapidly first
to East Asian countries, then Europe and America, affected the
whole world, and was declared a pandemic by the World Health
Organization. This review presents an overview of SARS-CoV2 and
aims to examine its intracellular pathogenesis and host immune
responses.

Keywords: Coronavirus, COVID-19, pathogenesis, immunology,
SARS-CoV-2

Introduction

Coronaviruses (CoVs) are enveloped, positive-strand RNA
viruses with large genomes (26-32 kb) (1). Some of the enveloped
CoVs belonging to the large Coronaviridae subfamily that infect
birds and mammals were known to cause self-limited infections
in humans, mostly affecting the respiratory system. However,
CoVs became important pathogens again as they caused serious
outbreaks in the last 20 years, such as the severe acute respiratory
syndrome CoV (SARS-CoV) in 2002 and the Middle East
respiratory syndrome CoV (MERS-CoV) in 2012. In December
2019, the source of the epidemic, which was believed to be

0z

illk kez Cin'in Wuhan kentinde Aralik 2019'da ortaya cikan
salgindan sorumlu olan etkenin yeni koronaviriis (2019-nCoV)
oldugu saptanmistir. Daha sonra, solunum yolu enfeksiyonuna yol
acan bu viriisiin beta-CoV ailesine ait oldugu belirlenip, siddetli akut
solunum yolu enfeksiyonu-koronaviriis-2 (SARS-CoV-2) olarak
adlandirilmis ve olusturdugu hastaliga da koronaviriis enfeksiyon
hastaligi-19 (COVID-19) denilmistir. Cinde baslayan salgin hizla
Dogu Asya iilkelerine sonrasinda Avrupa ve Amerika’ya yayilarak,
tiim diinyay1 etkisi altina almig ve Diinya Saglik Orgiitii tarafindan
pandemi olarak ilan edilmistir. Bu derleme, bu viriisle ilgili genel bir
bakis acisi sunmakla birlikte, hiicre icindeki patogenezini ve konak
immiin yanitlarini incelemeyi amaglamustir.

Anahtar Sézciikler: Koronaviriis, COVID-19,
immiinoloji, SARS-CoV-2

patogenez,

associated with seafood and wet animal market in Wuhan, China,
was understood to be a new type of coronavirus, and on February
11, the World Health Organization (WHO) named the disease
caused by the virus as COVID-19 (2). Molecular studies revealed
that the new coronavirus belonged to the beta coronavirus group,
and its sequence was 88% similar to two bat-origin SARS-like
CoVs. (3). While initially it was named as 2019-nCoV, the
International Commission on Virus Classification announced
the name of this novel coronavirus as SARS-CoV-2. Due to a
rapid spread of SARS-CoV-2 to many countries of the world and
the increased mortality, WHO declared the COVID-19 outbreak
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as a “pandemic” on March 11, 2020 (4). While most of the
patients infected with SARS-CoV-2 had a mild clinical course,
approximately 5% of the patients had severe lung damage or
even multiple organ failure. Although it varies by country, the
average death rate has been reported as 4%. (5). As of the end
of June, 216 countries all over the world were affected by the
epidemic, 10,021,401 people were confirmed to be infected with
SARS-CoV-2, and 499,913 people died (6).

SARS-CoV-2 Replication and Pathogenesis

There are four main structural proteins in the structure of SARS-
CoV-2: spike (S), envelope (E), membrane (M), and nucleocapsid
(N) glycoproteins, as well as various accessory proteins (7) (Figure
1). Although the spike protein is located on the outer surface of
the virus, it consists of two subunits. The S1 subunit plays a role
in the binding of the virus to the receptor on the host cell surface,
while the S2 subunit mediates cell fusion (8,9). S protein binds
to the angiotensin-converting enzyme-2 (ACE-2) receptor of the
host cell, and this complex is subjected to a proteolytic process
by the host type II transmembrane serine protease (TMPRSS2)
enzyme, and the virus enters the cell (10,11). The virus needs
both ACE-2 and TMPRSS2 to enter the cell (12). A single-
stranded positive-polar RNA with 5 “cap and 3” polyA tail enters
the cell. There are about 14 orf’s (open reading frames) encoding
structural and non-structural proteins in this virus genome (13).
First, this genomic RNA is broken down into small pieces by
viral proteinases, and non-structural viral replicase polyproteins
(ppla and pplb) are produced due to the translation of orfl
and o7f2 genes. Polymerase enzyme synthesizes subgenomic
mRNAs and acts as a template for synthesized negative polarity
sgRNA mRNA. Translation of viral proteins also takes place
from mRNAs. Finally, viral proteins and RNA genome combine
within virions in the endoplasmic reticulum and Golgi body
and are released into the environment as a result of the fusion
of vesicles containing viral particles outside the cell with the cell
plasma membrane (7) (Figure 2). At this stage, M protein plays
an important role in stabilizing the N protein-RNA complex in
the virion, keeping it together, and leaving the cell (13).

It is known that SARS-CoV-2 is transmitted by droplets, just
like other human CoVs, and causes primary infection by binding
to ACE-2 receptors that are abundant in lower respiratory tract
epithelium. The mean incubation period was reported to be 4-5
days before the onset of symptoms, and 97.5% of symptomatic
patients have symptoms within an average of 11.5 days (14).
Typical manifestations of COVID-19 include fever and dry
cough, although symptoms also include shortness of breath,
muscle and/or joint pain, headache, diarrhea, nausea (5,15,16).
Acute respiratory distress syndrome (ARDS) can be seen 8-9 days
after the onset of symptoms in patients with severe COVID-19
(15,17). Biopsy and autopsy examinations of some COVID-19
patients have shown damage to the alveoli (18). Although the
pathophysiology and virulence characteristics of the virus have
not been clearly revealed yet, they are possibly related to the
structural and non-structural proteins of the virus. Although
many studies found ACE-2 receptors, which the virus binds
in the small intestine, liver, kidney, and the central nervous
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system, no study has found viral particles in these organs.
SARS-CoV-2 Immunopathology

Host immune system develops various antiviral defense

mechanisms against virus infections. Pattern recognition
receptors (PRR) in host cells, especially Toll-like receptors (TLR)
located in the cell, recognize RNA products formed during viral
replication. As a result of this recognition, the immune system is
activated by the secretion of type I interferon (type I IFN) from
virus-infected cells (19). IFN suppresses protein synthesis in the
infected cell by stimulating the RNA-dependent protein kinase
enzyme, preventing viral replication and protecting uninfected
cells against infection (20). Antigenic structures of pathogens
are presented to CD8 T lymphocytes by antigen-presenting cells
via. MHC-1, and cytotoxic T-lymphocytes are activated with
stimulation of cytokines interleukin [(IL)-12, IFN-a/f)]. In
addition, some dendritic cells can present the processed antigen

to both CD4 and CD8 T-lymphocytes by phagocytosing the
virus-infected cell (21).

The specific role of humoral and cellular immunity or innate
immunity in relation to SARS-CoV-2 is not known, but it
probably induces a similar immune response to SARS-CoV and
MERS-CoV. RNA viruses are generally recognized by TLR-3
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and TLR-7 endosomal PRRs, and immune system activation
begins (22). The production of proinflammatory cytokines and
chemokines (IL-6, IP-10, macrophage inflammatory protein
la (MIP1a), MIP1B, and MCP1) is triggered by stimulation
from neighboring epithelial cells, endothelial cells, and alveolar
macrophages (23). These cytokines and chemokines attract
monocytes, macrophages, and T cells to the infection site, and
the immune response is enhanced by IFN -y production by the
T cells.

Increased release of proinflammatory cytokines causes a cytokine
storm in COVID-19 patients. Also, increased expression
of proinflammatory cytokines during such cytokine storms
causes depletion of lymphocytes (24). Overproduction of
proinflammatory cytokines induced by the virus results in
cytokine storm, defined as macrophage activation syndrome
(MAS) or secondary hemophagocytic lymphohistiocytosis (25-
27). Severe cases infected with SARS-CoV-2 can be characterized
by a cytokine storm that progresses to ARDS; also, high levels
of these cytokines in the circulation can lead to shock and tissue
damage in the heart, liver, and kidney, as well as respiratory
failure or multiple organ failure (28). This high proinflammatory
cytokine (especially TNF-a, IL-6, IL-1) level seen in patients
with severe COVID-19 is similar to SARS-CoV and MERS-
CoV (29,30).

Depending on flowcytometric analysis of peripheral blood in
patients infected with SARS-CoV-2 overactivation of T cells
with high cytotoxicity of Th17 and CD8 T cells were and
immune damage in these patients was emphasized (18). Previous
research demonstrated increased levels of IL-1p, IL-6, IL-2, IL-
8, IL-17, G-CSE GM-CSE, IP10, MCP1, MIP1a, and TNF-a
levels in sera of COVID-19 patients suggesting a clinical picture
of cytokine storm (15,18,31,32). In addition, COVID-19-
associated pneumonia was associated with strong interferon
suppression with lymphopenia as part of lung injury, ARDS,
and virus-induced immunosuppression (33). Along with low
lymphocyte counts, these patients also have a decrease in CD4
and CD8 T cell counts (31). It is thought that SARS-CoV2 may

escape the antiviral mechanism (34).

Conclusion

Although SARS-CoV-2 is in the coronavirus family, its
pathophysiology has not been clearly understood yet. Studies
on SARS-CoV2, which has become a pandemic in a short time
in the world, often refer to the diagnosis and treatment options
of the agent, but also include case reports. The number of
patients in studies to explain the immune response, especially in
COVID-19 patients, is very low. In order to fully and adequately
explain the mechanism of immunopathogenesis, larger samples
should be used. However, conducting research on virulence
properties, intracellular mechanisms, immune stimuli, and
escape mechanisms from the host immune response of SARS-
CoV2 will bring a different perspective to approaches to the
treatment of COVID-19 caused by the pathogen. Unfortunately,
zoonotic viruses (Ebola, Zika, Dengue virus, West Nile Fever,

MERS-CoV, SARS-CoV), including SARS-CoV-2, are serious

threats today in a globalized world. Global warming may induce
mutations in viruses by changing the habitat of viruses and their
vectors. As a result of increased human mobility, the rapid spread
of viruses through infected individuals has been seen again in the
COVID-19 pandemic. In addition, it is noteworthy that bats,
which are the only flying mammal and contain approximately
4,000 virus species, of which approximately 1,500 of these
viruses are coronavirus, should be examined as a possible risk
factor. Genomic research about mutations of viruses carrying
potential risks is important to protect public health.
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