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ABSTRACT

Introduction: Currently, there are several attempts to find an
effective antiviral drugs against the COVID-19. Although
majority of the COVID-19 patients have mild to moderate
clinical events, up to 5-10% may have severe, life
threatening events that urgently require effective drugs. The
purpose of this systematic review is to evaluate the
effectiveness of antiviral therapies in the treatment of
COVID-19.

Methods: An extensive search was performed in PubMed,
EMBASE, Cochrane Library for randomised controlled trials
(RCTs), prospective case series studies that evaluated
therapies COVID-19. The outcomes searched for were
mortality, recovery rate, length of hospital stay and clinical
improvement from January to May 15, 2020. Independent
reviewers searched, identified, screened, and related
studies were included.

Results: Total of five RCTs on 439 patients and seventeen
case series involving 1656 patients were found in the
specified review period that reported the use of Lopinavir,
Ritonavir, Remdesivir. Oseltamivir, Ribavirin in patients with
COVID-19; but none of which showed efficacy of antiviral
therapy. Such current findings impede researchers from
recommending an appropriate and effective antiviral therapy
against COVID-19, making it a serious concern for the global
community.

Discussion: In the present pandemic and any future
epidemics, all the related authorities should pursue many
more RCTs, cohort and case series for a prospective
outcome in the management and treatment guidelines.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a novel type viral
disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) which belongs to the Corona
viridae family. This family of virus was responsible for two
other outbreaks in the twentieth century. The first was in
2003 caused by Severe Acute Respiratory Syndrome
coronavirus (SARS-CoV). The second viral outbreaks occurred

in 2012 and 2015 due to Middle East respiratory syndrome
coronavirus (MERS-CoV) which is another virus from the
same family. Around 8,422 cases with 11% case fatality rate
(CFR) occurred during the SARS-CoV' and over 2500 cases
with CFR 35% were reported during MERS-CoV epidemics.?

From late 2019 to May 15, 2020, when COVID-19 emerged
from Wuhan, China a total 470 000 COVID-19 cases and
approximately 314 000 deaths from the virus were reported
from around the world.’ This large number of infected
patients in only five months since the first reported case of
COVID-19 demonstrates that the disease is extremely
contagious. The World Health Organization (WHO)
announced a COVID19 pandemic in March 2020. Upon the
emerging COVID-19, there was no known approved, specific,
effective antiviral treatment to treat this fatal disease. A few
case reports or observational studies documented some
antiviral drugs that were used in the treatment of COVID-19
patients.

Structural properties: SARS-COV-2 is a positive-sense, single
stranded enveloped RNA virus having a diameter of 60-140
nm, belongs to Beta coronavirus Lineage B, Sarbecovirus and
emerge as the seventh member of corona family which
infects humans. The genomic sequence of SARS-COV-2 shows
5" untranslated region (UTR), coding region that codes
replicating enzymes consists of open reading frame (ORF) la
and ORF1b, spike protein gene or S gene, E gene, M gene, N
gene and 3’ UTR along with multiple non-structural ORFs.*

The S gene of SARS-COV-2 is responsible for the synthesis of S
protein or spike protein which is the receptor binding site and
present on the viral surface. M gene encodes the membrane
protein that helps to maintain the shape of the virion and
promotes curvature. N gene is the coding gene for
necleuocapsid protein which helps to bind virus genome and
promote stability. The E gene is responsible for the synthesis
of the virus envelope which plays significant role in virus
release and pathogenesis. SARS-COV-2 binds with the cells
that contain ACE2 receptors and present mainly in
respiratory tract, gastrointestinal tract and kidneys and enter
into host cell where the binding is triggered by a protease
named TMPRSS2.*

Pathogenesis of COVID-19: Clinical symptoms of COVID-19
includes fever, myalgia, non-productive cough, fatigue,
dyspnoea, diarrhoea etc. Radiological investigations show
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pneumonia like consolidation in X-ray chest and ground
glass appearance in CT-scan of chest and.’?

SARS-COV-2 has a similar approach of entry into cells in
comparison with SARS. Fusion of spike protein and the ACE2
receptors of cell surface facilitates the entry of virus; after
entering into the cells, the virus exposes their RNA;
translation of RNA replicase occurs and a complex named
RNA replicase-transcriptase is formed. After transcription and
replication, negative strand RNA is produced which results in
the production of structural proteins of the viruses. New viral
particles are formed resulting from the assembly of structural
proteins and RNA in the host cell cytoplasm. In the next step
of pathogenesis these newly formed viral particles are
released from the host cells through exocytosis and infect
nearby cells. Thousands of copies of novel virus particles can
be produced from a single infected cell and can cause target
organ infections resulting in pneumonia, gastroenteritis,
acute kidney injury, carditis etc.®

It is also a matter of great concern that how, other than end
target organ damage, indirect immune response in COVID-
19 infection can increase morbidity and mortality. Patients
with COVID-19 infection shows high levels of
proinflammatory mediators like IL-1B, IP-10, MCP- 1.
Cytokine storm is thought to be linked with severity of the
disease and disease outcome.’

As the COVID-19 belongs to the same family as SARS and
MERS and patients present with same pneumonia like
symptoms, variety of antiviral agents have been tried
according to the clinical experience from SARS and MERS.
The broad-spectrum antiviral agent like ribavirin, protease
inhibitor lopinavir and ritonavir, oseltamivir and immune
up-regulator interferon were most commonly used against
SARS and MERS. Same antiviral agents are also being tried
purposefully against SARS CoV-2.*'* Remdesivir, Favipiravir
and arbidol are also used against SARS-CoV-2 infections in
the current pendemic.””'® all the mechanism are shown in
figure 2.

Common side effects of antivirals: common side effects of the
antivirals used against SARS CoV-2 are diarrhoea, fatal
pancreatitis, hepatitis, hepatic decompensation and
increased P-R intervals by Lopinavir-ritonavir, nausea,
vomiting, gastroparesis, rectal bleeding, liver dysfunction,
hypotension in case of remdesivir, nausea, vomiting,
diarrhoea, dizziness, headache, nosebleed, eye redness or
discomfort, insomnia, cough due to osaltamavir, hemolytic
anemia, hypocalcemia, and hypomagnesemia in case of
ribavirin, allergic reaction and hypersensitivity due to arbidol
and fever, myalgias, headaches, leukopenia, lymphopenia,
autoimmune hepatitis and thyroid disease occurs in case of
interferon.**

However, the efficacy and safety of these antiviral agents for
COVID-19 remains unclear. Therefore, this is the crucial time
to look for potential antiviral therapies for SARS-CoV-2
infected patients. Some clinical trials are currently underway
to evaluate the efficacy of different antiviral agents for the
treatment of COVID-19 patients, but their results have not
been published as yet. On the other hand, the quality of these
studies is also questionable. The objective of the current
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systematic review is to evaluate the evidence underlying the
efficacy and safety of antiviral therapies in treatment of
COVID-19 in the current pandemic.

METHODOLOGY

This review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. All types of performed clinical studies,
aiming to evaluate the efficacy and safety of antiviral drugs
were included in this systematic review as shown in Figure-1.
Exclusion criteria comprised in vitro studies, guidelines,
animal studies and review studies.

An extensive search was performed on Medline (via
PubMed), Scopus, Embase, CENTRAL, and Web of Science
databases. The keywords were selected using Mesh, Entrée
and related article titles. Treatment were reported in a small
number of published articles and the use of antiviral
treatments were not stated in the abstracts of the articles. The
keywords were chosen with the one common keywords
associated with COVID-19.

Keywords related to "antiviral therapy" were not included in
the search. Also, the search date was chosen to be from late
2019 until May 15, 2020, since the first case of COVID-19 was
reported in late 2019. In addition to the systematic search, an
extensive search was also performed on google scholar search
engines, google and in the article bibliographies.

Search queries in Medline database are like Coronavirus or
COVID19 or 2019-nCoV COVID19 virus or COVID-19virus or
2019-nCoV disease or 2019 novel coronavirus disease or
2019-nCoV infection or 2019-nCoV or SARS2 or SARS-CoV-2
or 2019 novel coronavirus or 2019 novel coronavirus
infection or Coronavirus disease 2019 virus or coronavirus
disease-19 or coronavirus disease 2019 or Wuhan seafood
market pneumonia virus or new coronavirus or Wuhan
coronavirus or “COVID-19” or “severe acute respiratory
syndrome coronavirus 2”.

Two independent researchers reviewed the titles and abstracts
of the articles obtained from the databases and selected the
antiviral therapy related articles. Next, the full texts of these
articles were searched and reviewed carefully. Finally, those
antiviral therapy related articles which met the inclusion and
exclusion criteria were included in the present systematic
review (Fig 1). Data extraction was independently conducted
by two researchers using a standardised data collection form,
which included study characteristics (author, year of
publication, region), population characteristics (age,
indication), intervention characteristics (anti-viral agents,
dosage, duration), and outcomes (mortality, recovery rate,
clinical outcomes). Besides the pharmacological review,
multiple reviewers were involved in order to avoid biasness
and extreme screening for the authentic articles on antivirals
to treat COVID-19.

RESULTS

The initial search yielded 354 articles. After eliminating
duplication, incomplete or ongoing studies, in vitro studies,
and excluding reviews, guidelines 22 studies were included .
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Fig. 1: PRISMA flow chart of the systematic review on antivirals against SARS-CoV-2.

Of these 20 articles were conducted in China, one in UK and
one study was performed in Singapore. Five clinical trial
(RCTs) and seventeen case-series were included after
screening and filtering as shown in Table I. These articles
studied 3294 COVID-19 patients, 2095 (63.6%) of who were
all treated with antiviral agents. The most frequently used
antivirals were lopinavir / ritonavir, remdisivir, oseltamivir,
ribavirin, arbidol, interferon, respectively. Route and
duration of administration were not reported in most of the
studies. The duration of administration varied from 2 to 14
days. Concomitant drugs used in these studies are antibiotics,
immunoglobin, glucocorticoids, antiparasitic and antifungal
drugs.

In the randomized clinical trials, patients were divided in to
two groups: antiviral (439 patients) group and standard
treatment group. Antibiotics, invasive or non-invasive
ventilation and extracorporeal membrane oxygenation
(ECMO) and vasopressor were used as standard treatment.
The findings of these studies showed that patients receiving
antiviral had clinical improvement.

714

Most of the published case-series did not provide an analysis
regarding the efficacy of antiviral therapy in the treatment
course of COVID-19 patients as shown in Table II. There were
also some studies available that, having an acceptable
sample size, but did not report the clear findings of a large
portion of their patients. However, most of the patients
reviewed were still admitted in hospitals, with unclear final
outcomes, during the time of publication of their articles.

DISCUSSION

The findings of the present study indicated that only five
clinical trial and 22 case series were completed on the efficacy
and safety of antiviral agents in management of COVID-19
patients, none of which could be taken into account when
assessing the clinical usefulness of antiviral treatments
against COVID-19. In general, no study has examined the
efficacy of antiviral therapies alone in treatment of COVID-
19 and antibiotics, immunoglobulin, interferon,
glucocorticoids, antifungal and antiparasitic drugs used as
concomitant drug in their studies. Hence, the reports
presented cannot be attributed solely to antiviral drugs.
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Lopinavir-ritonavir(LPV/r): Lopinavir (LPV) is an aspartic acid
protease inhibitor, which is co-formulated with ritonavir
(LPV/r) to boost the pharmacokinetic activity. Highest
number of studies found with these two drugs combination,
among them three are RCT,”" six are case-series.'s*?328303
Lopinavir-ritonavir cause clinical improvement in most of
the cases.”"’5**% But some studies also deterioration’**** and
adverse events.'**

Remdesivir: Remdesivir is a viral RNA synthesis inhibitor,
given intra-venously. Two RCT shows clinical improvements
in more than 60% cases. Both trials deals with severe COVID
patients, some of them needed ICU support. Adverse events
and death of the patents were reported in both studies."”'®
Though Remdesivir has recently come into extensive
evaluation by limited trials and systematic reviews for re-
purposeful use in COVID-19.*

Oseltamivir: Oseltamivir inhibits the neuraminidase enzyme,
which is expressed on the viral surface. This drug used alone
in four studies and with the combination with other antiviral
drugs in one study.” No clinical trial was found. Only one
study reported 31% recovery rate.” These case series reported
the need of ICU support** and death of the patients.®'***

Ribavirin: Ribavirin is a purine nucleoside analog that elicits
its antiviral affect through inhibition of viral RNA synthesis.
Only one case series used ribavirin in severe COVID patients.
Among them 21 patients were discharged and 51 remained
admitted in the hospital.”

Arbidol (umifenovir): The drug is claimed to inhibit viral entry
into target cells and stimulate the immune response. One
RCT was used alone in their one group of patients. Among
the 35 patents 3 deteriorated and 5 patients experienced
adverse events'. Besides that, arbidol was used as the second
line of therapy.”****

Interferon: Interferons are endogenous signaling proteins
released by host cells during response to infections or
inflammation. Upregulation of IFNs stimulates the immune
system to blunt viral replication and eradicate offending
pathogens. Interferon was also used in combination with
other antiviral drugs in COVID patients.”*** Two clinical
trials on interferon are ongoing and expected to be ended by
30th May, 2020.

Therefore, the existing literature regarding the efficacy of
antiviral therapy in management of COVID-19 patients has
the following serious limitations. Only five clinical trial has
been conducted on published time of this article. In all the
existing case-series antiviral agents were used in combination
with other medications. So, the observed findings cannot be
solely attributed to the antiviral therapy administered. The
absence of placebo group in the case-series we cannot
determine if the outcomes are due to antiviral therapy or the
nature of healing process or both. Follow-up was incomplete
in some studies, and a great proportion of the patients have
unclear outcomes. And finally the sample size was small in
most of the studies.
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CONCLUSION

Since COVID-19 disease has been declared pandemic by the
WHO, many anti-virals have been tried for its treatment.
Some of those were previously used against SARS, MERS,
EBOLA, HIV and re-purposefully used against COVID-19 yet
not approved by Food and Drug Administration (FDA) due to
lack of significant evidence. The safety and efficacy of these
antivirals require high-quality evidence from well-designed
and adequately-powered clinical trials with proper sample
size for recommendation and inclusion in guideline against
SARS-CoV-2 pandemic.

CONFLICTS OF INTEREST

None of the authors or co-authors has any conflict of interest
regarding any financial and personal relationships with
other people or organizations that could inappropriately
influence (bias) the work. We also hereby state that none of
the authors has any conflict including employment,
consultancies, stock ownership, honorees, paid expert
testimony, grants or other funding for this systematic review.

REFERENCES

1. Chan-Yeung M, Xu RH. SARS: epidemiology. Respirology 2003; 8(Suppl 1):
$9-14.

2. "MERS outbreaks". www.emro.who.int.

3. World Metrics. COVID-19 coronavirus outbreak: World Metrics; Available
from: https://www.worldometers.info/coronavirus/.

4. ZhuN, Zhang D, Wang W, Li X, Yang B, Song ], et al. A novel coronavirus
from patients with pneumonia in China, 2019. N Engl ] Med 2020; 382(8):
727-33.

5. Huang C, Wang Y, Li X, Ren L, Zhao ], Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan, China. Lancet
2020; 395(10223): 497-506.

6. Fan C, LiK, Ding Y, Wei LL, Wang ]. ACE2 expression in kidney and testis
may cause kidney and testis damage after 2019-nCoV infection. Med Rxiv
2020; 2020-2.

7. Mahallawi WH, Khabour OF, Zhang Q, Makhdoum HM, Suliman BA.
MERS-CoV infection in humans is associated with a pro-inflammatory Th1
and Th17 cytokine profile. Cytokine 2018; 104: 8-13.

8. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang ], et al. Clinical Characteristics
of 138 Hospitalized Patients With 2019 Novel Coronavirus-Infected
Pneumonia in Wuhan, China. JAMA 2020; 323(11): 1061-9.

9. Cao B, Wang Y, Wen D, Liu W, Wang |, Fan G, et al. A Trial of
Lopinavir-Ritonavir in Adults Hospitalized with Severe Covid-19. N Engl |
Med 2020; 382(19): 1787-99.

10. Li Y, Xie Z, Lin W, Cai W, Wen C, Guan Y, et al. An exploratory
randomized, controlled study on the efficacy and safety of
lopinavir/ritonavir or arbidol treating adult patients hospitalized with
mild/moderate COVID-19 (ELACOI). Med Rxiv preprint.

11. Ye XT, Luo YL, Xia SC, Sun QF, Ding ]G, Zhou Y, et al. Clinical efficacy of
lopinavir/ritonavir in the treatment of Coronavirus disease 2019. Eur Rev
Med Pharmacol Sci 2020; 24(6): 3390-6.

12. Chu CM, Cheng VC, Hung IF, Wong MM, Chan KH, Chan KS, et al. Role
of lopinavir/ritonavir in the treatment of SARS: initial virological and
clinical findings. Thorax 2004; 59(3): 252-6.

13. Chan KS, Lai ST, Chu CM, Tsui E, Tam CY, Wong MM, et al. Treatment of
severe acute respiratory syndrome with lopinavir/ritonavir: a multicentre
retrospective matched cohort study. Hong Kong Med ] 2003; 9(6): 399-406.

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

15. Chen Q, Zhang LL, Yu DX, Yu ZA, Liu Y, Zhang LP et al. [A field trial for
evaluating the safety of recombinant human interferon alpha-2b for
nasal spray.] Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za Zhi 2005;
19(3): 211-5

16. Loutfy MR, Blatt LM, Siminovitch KM, Ward S, Wolff B, Lho H et al.
Interferon alfacon-1 plus corticosteroids in severe acute respiratory
syndrome: a preliminary study. JAMA 2003; 290(24): 3222-8.

17. Grein ], Ohmagari N, Shin D, Diaz G, Asperges E, Castagna A, et al.
Compassionate Use of Remdesivir for Patients with Severe Covid-19. N
Engl | Med 2020; 382: 2327-36.

715



Systematic/ Narrative Review Article

18.

19.

20.

21.

22.

23.

24.

25.

26.

Wang Y, Zhang D, Du G, Du R, Zhao |, Jin Y, et al. Remdesivir in adults
with severe COVID-19: a randomised, double-blind, placebo-controlled,
multicentre trial. Lancet 2020; 6(20): 31022-9.

Chen Q, Quan B, Li X, Gao G, Zheng W, Zhang ] et al. A report of clinical
diagnosis and treatment of 9 cases of coronavirus disease 2019.] Med Virol
2020; 92(6): 683-7.

Guan W], Ni ZY, Hu Y, Liang WH, Ou CQ, He JX et al. Clinical
Characteristics of Coronavirus Disease 2019 in China. N Engl ] Med 2020;
382: 1708-20.

Hu Z, Song C, Xu C, Jin G, Chen Y, Xu X et al. Clinical characteristics of
24 asymptomatic infections with COVID-19 screened among close
contacts in Nanjing, Sci China Life Sci 2020; 63(5): 706-11.

Huang C, Wang Y, Li X, Ren L, Zhao |, Hu Y, et al. Clinical features of
patients infected with 2019 novel corona virus in Wuhan, China. Lancet
2020; 395(10223): 497-506.

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

Liu L, Jian-Ya G, Wan-mei H, Xian-xiangJian-ya G. Clinical characteristics
of 51 patients discharged from hospital with COVID-19 in Chongqing,
China. medRxiv. 2020: [In press].

Qin X, Qiu S, Yuan Y, Zong Y, Tuo Z, Li ] et al. Clinical Characteristics and
Treatment of Patients Infected with COVID-19 in Shishou, China. Lancet
Respiratory ~ Medicine. 2020: Pre-Print. Available at SSRN:
https://ssrn.com/abstract=3541147.

Shang J, DuR, Lu Q, Wu ], Xu S, Ke Z et al. The Treatment and Outcomes
of Patients with COVID-19 in Hubei, China: A Multi-Centered,
Retrospective, ObservationalStudy.Lancet.2020: Pre-Print Available at
SSRN: https://ssrn.com/abstract=3546060.

716

27.

28.

29.

30.

31.

32.

33.

Wu ], Liu ], Zhao X, Liu C, Wang W, Wang D et al. Clinical Characteristics
of Imported Cases of COVID-19 in Jiangsu Province: A Multicenter
Descriptive Study. Clin Infect Dis 2020; 71(15): 706-12.

Xu XW, Wu XX, Jiang XG, Xu K], Ying L], Ma CL et al. Clinical findings in
a group of patients infected with the 2019 novel coronavirus (SARS-Cov-2)
outside of Wuhan, China: retrospective case series. BM] 2020; 368: 606.
Yang W, Cao Q, Qin L, Wang X, Cheng Z, Pan A, et al. Clinical
characteristics, and imaging manifestations of the 2019 novel coronavirus
disease (COVID-19): A multicenter study in Wenzhou city, Zhejiang,
China. ] Infect 2020; 80(4): 388-93.

Young BE, Ong SWX, Kalimuddin S, Low ]G, Tan SY, Loh ] et al.
Epidemiologic Features and Clinical Course of Patients Infected With
SARS-CoV-2 in Singapore. JAMA 2020; 323(15): 1488-94.

Zhang G, Hu C, Luo L, Fang F, Chen Y, Li | et al. Clinical features, and
outcomes of 221 patients with COVID19 in Wuhan, China. Med Rxiv.
2020: Pre-Print. Available at Med Rxiv:
https://www.medrxiv.org/content/10.1101/ 2020.03.02.20030452v1.
Zhou Z, Xie S, Zhang |,Zheng F, Jiang D, Li K et al. Short Term Moderate-
Dose Corticosteroid Plus Immunoglobulin Effectively Reverses COVID-19
Patients Who Have Failed Low-Dose Therapy. Pre-prints. 2020: Available
at: https://www.preprints.org/manuscript/202003.0065/v1.

M Nasir , K A Talha, T Islam et al. Use of Remdesivir in the Management
of COVID-19: A Systematic Review on Current Evidences. Mymensingh
Med | 2020; 29(2): 481-7.

Med ] Malaysia Vol 75 No 6 November 2020





