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The whole world is experiencing a global pandemic caused by Coronavirus disease 2019. As the pandemic progresses,
there has been much research on antiviral drugs, such as hydroxychloroquin, chloroquine, remdesivir, lopinavir-
ritonavir, favipiravir, oseltamivir, and umifenovir. Specific antiviral drugs proven to be effective against SARS-CoV-2
have not been found and approved for the medication of COVID-19. Currently, case detection, infection control,
monitoring, prevention, and supportive care are the means focused on the treatment of COVID-19. A farge scale
research is currently underway to analyze safety and efficacy of antiviral drugs, while trials of the SAR-CoV-2 vaccine

are rapidly expanding. This mini review briefly introduces the current antiviral therapy for COVID-19.
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The whole world is experiencing a global pandemic
caused by Coronavirus disease - 2019.! Based on data
according to the World Health Organization, Globally,
as of 18 May 2021, there have
been 163,312,429 confirmed cases of COVID-19,
including 3,386,825 deaths, reported to WHO. As
of I8 May 2021, a total of 1,407,945 776 vaccine
doses have been administered.> COVID-19 infection
rates continue to increase sharply.® As of 18 May,
2021 there have been 880,362 confirmed cases and
19.617dcaths in Pakistan.!

Compared to COVID-19, Severe Acute Respiratory
Syndrome (SARS—-CoV) had the incidence of 8,422
cases with a case fatality rate (CFR) of 11%, and the
Middle East Respiratory Syndrome (MERS) 2574
laboratory-confirmed cases, including 886 associated
deaths (casc-fatality ratio 34.4%). While the

diagnostic ctiteria of COVID-19 is still being
periodically reviewed, it might take years for the
actual number of cases to be known.* As the pandemic
progresses, there has been extensive research on
antiviral ~ drugs, namely  hydroxychloroquin,
chloroquine, remdesivir, lopinavir-ritonavir,
favipiravir, oseltamivir, and umifenovir.* We present
here an overview of the current anti-viral drugs being
used.

Due to the clinical manifestations of COVID-19
caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) replication, antiviral
therapy that can treat COVID-19 is being investigated.
Mechanism of action of antiviral drugs is by inhibiting
the entry of the virus (by transmembrane serine
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protease 2 (TMPRSS2) and the angiotensin-
converting enzyme 2 (ACE2) receptor; fusion
inhibitors inhibit the fusion process and endocytosis or
the action of the RNA-dependent RNA polymerase
and the SARS-CoV-2 3-chymotrypsin-like protease
(3CLpro).**7 Antivirals may have the biggest impact
because viral replication is probably very active
initially in the progression of COVID-19 before the
disease moves to the high inflammation syndrome
state that can lead towards the next step of disease
inclusive of hypereritical stage. Therefore, the role of
antiviral drugs needs to be understood in curing minor,
moderate, major and critical disease, so that the
treating physicians may optimize medication for the
COVID-19 paticnts.>®

In clinical trials antiviral therapy was investigated to
find the efficacy of SARS-CoV-2 treatment. It is
reported that single therapy or combinations therapy
for the COVID-19 patients differs in different
countries of the world. These methods of therapy
usually depend on the number of deaths and the
frequency of mechanical ventilation the patients use.
In addition, there is no specific medication for the
COVID-19. Currently, various countries around the
world have been investigating different antiviral
therapies for the COVID-19 (Table 1).* Specific
antiviral drugs proven to be effective against SARS-
CoV-2 have not been found and approved for the
medication of COVID-19. Therefore, rapid
assessment of the antiviral drugs currently available
for use in COVID-19 patients is critical at this time of
crisis, as well as for finding newer drugs.’

2.1.1. Hydroxychloroquine and Chloroquine

Hydroxychloroquine and chloroquine are antimalarial
drug. Hydroxychloroquine is a chloroquine analogue.
June 15, 2020, the FDA withdrew the emergency use
authorization for hydroxychloroquine, throwing out
that it is unlikely to be effective in medicating
COVID-19. In Addition, given the processing of that
viral fusion does not occur, and cytokine release
converting enzyme 2 (ACE2) cellular receptor,

pyrazinecarboxamide derivative prodrug of a
nucleoside analogue that can be triphosphorylated in
and RNA polymerase of the virus, protein
glycosylation, assembly of the virus, new virus

acidification of the cell membrane at the surface, so
immunomodulation.'” Neither drugs are approved by
FDA for the medication of COVID-19 patients. Have
serious cardiac adverse events and other serious side
effects (methemoglobinemia) of hydroxychloroquine
do not justify its continued use.'>"" Chloroquine was
introduced in 1934, while hydroxychloroquine was
introduced in 1946.° Hydroxychloroquine used to
medicate systemic lupus erythematosus (SLE),
rheumatoid arthritis, and also malaria. Normally,
hydroxychloroquine has less and lower toxicity
(including a small tendency fto interval QTc
prolongation) and minor drug-drug interactions than
chloroquine (Table 1).° Mechanisms may include
inhibiting viral cnzymes or processes such as DNA.

2.2.1. Lopinavir/Ritonavir

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) replication relies on the splitting of a
helicase, and polyproteins become an RN A-dependent
RNA polymerase. In the splitting, protease, which is
responsible, namely: 3-chymotrypsin-like protease
(3CLpro) and papain-like protease (PLpro). Ritonavir
acts to increase plasma level of lopinovir by inhibiting
the CYP3A-mediated metabolism of lopinavir.!" The
combined use of these drugs can increase the
bioavailability of lopinavir significantly, and the effect
of antiviral is improved in vivo."> Lopinavir and
ritonavir have mechanism of action may bind to
primary enzyme, it called Mpro, supressing the
repilicationof the coronavirus so that it does not occur.
This can suppress aclivily of the corona virus.!?
Lopinovir and ritonavir have been researched in
patients with COVID-19. The clinical trials on
lopinavir/ritonavir have not established their efficacy
for the treatment of COVID-19.5" The common
adverse events of lopinavir/ritonavir observed are
diarrhea, nausea and vomiting, while severe adverse
event include interval QTc prolongation and
hepatotoxicity (Table 1).3¢

o s

2.3.1. Remdesivir and Favipiravir

Remdesivir is a nucleotide prodrug of an adenosine
analog, and is infised intravenously. Favipiravir is a
cells and acts as the virus RNA-dependent RNA
polymerase (RdRp) substrate.'2
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Remdesivir and favipiravir inhibit viral replication
through  premature  termination of RNA
transcription.®? Food and Drug Administration
(FDA) hs approved remdesivir for the medication of
COVID-19 in hospitalized pediatric patients of at least
40 kg and 12 years or older and the adults."!
Remdesivir should be administered in a hospital or a
healthcare setting that can provide the same level of
care to an inpatient hospital® Remdesivir is
administered as a loading dose 200 mg on day 1,
followed by once daily 100 mg IV dose for a total of
10 days, similar to the doses used in the clinical trials
to medicate Ebola for adults (Table 1).>"! Remdesivir
can lead to gastroiniestinal symptoms such as nausea,
raised levels of transaminase, an elevated time of
prothrombin, and hypersensitivity reactions.®

Favipiravir was developed in Japan in 2014. Initial
clinical trial outcome indicate that favipiravir
produces much greater improvement in chest imaging
in COVID-19 patients compared to lopinavir. Faster
viral clearance and fewer adverse events were also
viewed in patients taking favipiravir compared to
those taking lopinavir-ritonavir 3 The most serious
adverse events of favipiravir is teratogenicity.
Common adverse events were gastrointestinal
symptoms, liver enzyme abnormalities, raised serum
uric acid, and psychiatric issues.'?

Several clinical trials analyzing remdesivir and
favipiravir for the medication of COVID-19 are
currently underway or in development.®

2.4.1. Oseltamivir

Oscltamivir is inhibitor of a neuraminidase and is used
to treat influenza A and B. It is also being researched
for the medication of COVID-19. It has been reported
potentially inhibiting the SARS-CoV-2. Case reports
suggest a better prognosis in COVID-19 patients
taking oseltamivir. However, oseltamivir efficacy for
the medication of COVID-19 needs long term clinical

ead. F SO

2.5.1. Uminefovir
Umifenovir, also called as arbidol, is another antiviral
agent whish acts by inhibiting spike protein /ACE2
binding and fusion of viral envelopes providing
antiviral effects. Initial studies showed that arbidol

medication was likely to raise the discharge ratc and
reduce the mortality rate for patients with COVID-19.
Currently, arbidol effectiveness still has no clear
evidence and needs further research.®

L

COVID-19 infection rates continue to increase
sharply, as well as the number of antiviral drugs that
work as a treatment for COVID-19. Currently, case
detection, infection control, monitoring, prevention,
and supportive care are the mean focus in the treatment
of COVID-19. No specific antiviral therapy has been
confirmed to be effective in curing COVID-19.
Studies are currently underway to analyze the safety
and efficacy of antiviral drugs, while trials of the SAR-
CoV-2 vaccines are rapidly expanding.

The authors declare no conflict of interest.

The authors are thankful to Hanik Badriyah Hidayati
for Checking plagiarism and Celine Anindytha for
helping hyperlinking the references.

1. Wungu CDK, Khaerunnisa S, Putri EAC, Hidayati HB,
Qumianingsih E, Lukitasari L, et al. Meta-analysis of cardiac
markers for predictive factors on severity and mortality of
COVID-19. Int J Infect Dis. 2021;105:551-9. [PubMed] DOI;
10.10164}.iid.2021.03.008

2. Organization W. Coronavirus disease (COVID-19) Situation
Report. 2021. (Cited: March 20, 2021) Available from:
https:/lcovid19.who.int/

3. Lam S, Lombardi A, Ouanounou A. COVID-19: A review of
the proposed pharmacological treatments. Eur J Pharmacol.
2020;886(May):173451. [PubMed)] DOI:
10.1016/].ejphar.2020.173451

4. Rochmawati N, Hidayati HB, Yamasari Y, Yustanti W,
Rakhmawati L, Tjahyaningtijas HPA, et al. Covid Symptom
Severity Using Decision Tree. Proceeding - 2020 3rd Int
Conf Vocat Educ Electr Eng Strength Framew Soc 50
through Innov Educ Electr Eng Informatics Eng ICVEE 2020,
2020; (Cited: March 20, 2021) Available from:
https://ieeexplore.ieee.org/abstract/document/d243246

5. Zhao M, Zhang J, Li H, Luo Z, Ye J, Xu Y, et al. Recent
progress of anfiviral therapy for coronavirus disease 2019.
Eur J Phamacol. 2021;890. [PubMed] DOI:
10.1016/] ejphar.2020.173646

6. NIH. Coronavirus Disease 2019 (COVID-19) Treatment
Guidelines Disponhle en:

389 www.apicareonline.com



Antiviral Therapy

https://covid19treatmentguidelines.nih.gov/. NIH.
2020;2019:130.

Nugraha D, Kloping NA, Yudhawati R, Purwandhono A,
Hidayati HB. A current update in COVID-19 associated
acute respiratory distress syndrome: Focus on
mesenchymal stem cell therapy. Anaesth Pain Iniensive
Care. 2020;24(6):671-81. DOI: 10.35975/apic.v24i6.1404

Kivrak A, Ulag B, Kivrak H. A comparative analysis for
antiviral drugs: Their efficiency against SARS-CoV-2. Int
Immunopharmacol. 2021 Jan;90:107232. [PubMed] DOI:
10.1016/].intimp.2020.107232

Frediansyah A, Tiwari R, Sharun K, Dhama K, Harapan H.
Antivirals for COVID-19: A crifical review. Clin Epidemiol
Glob Heal . 2021 Jan-Mar,9:90-98. [PubMed] DOI:
10.1016/.cegh.2020.07 006

Smith T, Bushek J, Leclaire A, Prosser T. COVID-19 Drug
Therapy What' s been updated : Highlights - 2020;

11.

12.

13.

IBM Micromedex. DynaMed [cited 2012 Mar 15]. Available
from: htips://www dynamed.com/drugsbrowse

Wang D, Li Z, Liu Y. An overview of the saety, dlinical
application and antiviral research of the COVID-19
therapeutics. J Infect Public Health. 2020;13(10):1405-14.
[PubMed] DOI: 10.1016/}.jiph.2020.07.004

ASHP COVID-19 Resource Center. Assessment of
Evidence for COVID-19-Related Treatments : Updated 4 /
1072020 TABLE OF CONTENTS; 2020. p.1-138. Available
from: htps://www.ashp.org/COVID-
19%loginretumUrl=SSOCheckCnly

Jolanda van Zuuren MD, Lacoviello Vito MD F. DynaMed.
[oited 2021 Mar 15]. Available  from:
https:/iwww .dynamed.com/condition/covid-19-novel-
coronavirus

390 www.apicareonline.com



wod'auljuoaledide’ mmm T6E

103gIqur Uoisny

PYEAAD SaseUllWesUE]] pajeAs|e (jeso) JsoBuojshep auelquiawl
jo SJo}gIYuUl/SIaonpul Buons  ‘uonoess olbliage ‘(Bumiwion'easneu g 0l-/ jo uopeinp Joj 239y ulejold
BISSNY  JOJUOW ‘HVEdAD AQ peziogelel ) saoueqInisip [eunsejulonses) pue \ ezuanyu]  Ajep sewp g Bw poz aidg JIAoUBHWN
sixejAydeue ' ‘ainzies ‘speday
'elwyAysAp ceipieo ‘syoepesy ‘(oLneipad
%91-8 Wnpe  %g-z Bumwoa ‘o0l g (feso ) sinoy loyquyur @
BUIYD "YSN'Ale} uuepiesm uojoeJslul lofely  -g BOSNBU) SOUBCUNISIP [BUNSAUICASED  PuE Y Bzusnyu| gzl Aleae Bw G/ sepluluBInap lIAlweyesQ
(leto
sploejuy @ ) sAep g 1oy Ajlep auo
s10}|qIyuysiaonpuy Buoys Bw ooy lo shep o}
PYEJAD  Alesojp  Jojuow eulapc|Bue 10} Ajlep sawi eaiy|
PYEdAD Aq  peziogelsly * ‘sso| Buuesy 'sjoshw  Japlosip Bw ppz :eaneula)y
upAwonizy uogoelsjul Jofew  °  ‘ssessip jeplwelidenxe 'sisojAoojnueibe shep QL-G J0) Alep
I1zeig sjuabe 'spoaye aieIyoAsdoinau salupy omy Bul 9oz Aq (juan
‘Baloy| YINog ‘8Issny  Buuemol-esoon|B  poolq UM ‘ejwaoA|BodAy ‘uoneBuojoid 10 ElEBW  pamo|o} 'Allep sl Anus [elip  beideuinbol
‘Reyjin] ‘uleds 'Ajgy|  erusoABodAy Jo NsU pesiel  ®  '(Beshieu) seouBQINISIP |[BURSEUIORSED (3718) omi Bw ooy | Aeq  Jo 104qIyul  OJySAXoIpIH
s|2A8| uixoBip pesies . a)se) Jajlq snsojeweyfia
(apijodoe W 'Uojouinbyolqiue ‘Bixaloue 'AjoIxc} |eusl aled Jsplosip  sndn|  oluesAS
) sjuabe uonebuojoid Bujel 'seinzias 'asess|p |eplwelAdenxs ‘(wy) shlype
1D Jeyio yim [ealsul 1D 'sisojfooinuesbe  ‘elwuyiAyue  'sejulod plolewnayl
BuiBuojoid  Jo sl paseaioul ® op sepesio| 'vonebBucioid 1D ‘wnuep ‘aseasip (leso ) shep gl
BUIYD 'IZelg 'YSN jessqns ‘ayoepeay ‘(essheu ‘esylelp Bupwioa aunwwioINy -G Joj Ajlep sawi om} Ajue [BaA (useiy
‘Beloy YINog ‘uleds 'Ajg)]  @DZ pue ‘90z 'SiPVEJAD ¢ ‘B's)  seocueqinisip  [BURS@UIONSED 1o auo Ajelo Bw gog 0 Jojqiyul - aunbololyn
aselawAjod
junoo |iydosnau {|elo ) shep f1-/ 10} WNY
paseaiosp  'sesBUIIESUEN  psajeAs|e sniacioN ‘g Allep sawiy omy Bw Juspuadap
SdAD 1B41SgNS J0U ‘9SEPIX0 ‘BleouniadAy  ‘(eaylelp  Bugiwoa pue y BzZuenyul (009 ueyl 'LAep uo -YNY
Aayin)  spAysple Agq peelpaw Auep ® 'BasSneu) SesUBqIMSID [BUNSSUICASED  'snuA ejoqg Alep Bw 0pgL-008) Jo Joygiyul Jineldidine
uoissaldap
Aojelidsal ‘uoisseidep SNoAlaU
[enuad "WOJPUAS UOSULOr-USASIS “suU
ajozeucoo}ay ‘uidweju uopourysAp [eual ajgissod ‘leasiul | D Jo
‘ujojhuayd ‘uneIsEAWIS Buojoid * ‘ejuieoA|BladAy ‘elwspidiadiy
‘a|ozeuoony ‘uo.epoluwy ¢ sour)sisal ulnsul ‘Buipesiq
uoRoBIRU|  peledlpulenuo)  °  pasiel'sseulwesue))  pesiel (%zZ1
9azdAD omelpad '%G'6L InNpe eeyuep ‘%gl (120 ) shep ¥ (enegey )
BUIYD ‘YSN  Jo  eensqns - 9jensgns oujelpad’ ynpe 9%g'g Bupgiwon oe0L 0} Wnwxew Joy Ajiep aseasjo.d JInBUO}l
'Bal0y Ynog 'uled ‘Al puE  pYEJAD 4O JOJQIYUI  °  BASNBU) SEOUBGUMISID  [BUlSSIUIONSED AH 20w Bui go/BWooy  1DE Jo JoNaiyul -liaeuidoT
uopoeal uolsnjul (A1) shep 0} jo [e30}
'(%z uey) sss| ) uoyoeal AyaisuasiedAy B 0 Allep sswl suo asesswAijod
aumnbolojyoAxoiphAH * 'sixejAydeue ‘Ayoixojoyeday ‘pasies [aAs| Bw o1 Aq pamojics YNY
auinbolojyp ‘uonoesayu| lofepy e eseujwesuel] |ssle oelples ShOUSS Allep saw auo asop juspuadap
sseuaAloays (9%/ Bupeo; | Aep Bw NN
Aueuusb ‘uieds ‘Ajey]  9sBalep SI9ONPUl FYEJAD  ° -E) EOSNBUIBUNSAIUIOASEL) UOWLWOD SUON 00z ‘uopelsiujwpe o oNqIyul  JIASapay
sBnip (s)uoneoipul abesoq eoueuedxy uonoe
asn jeyl Ajunod uopoelaul Brug) uoloeal Bnip aslanpy paolddy |eojui|D Jo ey 10 wisjueyoap Bnig

(er'11'w06L-GINOD 1221} O} AdeIdy) [EIARLE JO MIIASY | O]qEL

Adesay] [eqiauy



Antiviral Therapy

392 www.apicareonline.com



