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Virological cure, clinical
efficacy and safety of
Remdesivir supplementation
against SARS-CoV 2 infection;
evidence from human
studies

Cure virologique, efficacité clinique et sécurité
de la supplémentation en Remdesivir contre
l'infection par le SRAS-CoV 2 ; preuves issues
d'études sur l'homme
Dear Editor,

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV
2) is a novel beta-coronavirus which emerged in December
2019 in Wuhan, Hubei Province, China [1]. The Chinese health
community confirmed that the novel coronavirus was the caus-
ative agents of a severe form of viral pneumonia, named 2019-
nCoV in January 2020 [1,2]. In recent months, cases of COVID-19
(coronavirus disease 2019) were reported in at least 21 coun-
tries. Therefore, the WHO declared a pandemic in March 2020
[1,3]. The majority of humans infected with COVID-19 have
respiratory illness which, in 5% of cases, develops into critical
illness due to acute respiratory distress syndrome and respira-
tory failure [4].
There is no selective treatment for COVID-19, while the number
of cases has reached 11,000,000 worldwide [5]. Remdesivir
tome 56 > n81 > March 2021

http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0105
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0105
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0110
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0110
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0110
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0115
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0115
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0115
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0115
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0120
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0120
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0120
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0125
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0125
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0125
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0130
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0130
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0130
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0130
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0135
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0135
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0135
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0140
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0140
https://www.mayoclinic.org/drugs-supplements/daptomycin-intravenous-route/side-effects/drg-20063292
https://www.mayoclinic.org/drugs-supplements/daptomycin-intravenous-route/side-effects/drg-20063292
https://www.mayoclinic.org/drugs-supplements/daptomycin-intravenous-route/side-effects/drg-20063292
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0150
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0150
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0150
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0155
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0155
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0155
http://sitegpr.com/fr/
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0165
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0165
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0165
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0170
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0170
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0170
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0175
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0175
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0175
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0180
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0180
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0185
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0185
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0185
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0185
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0095
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0095
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0095
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0095
http://refhub.elsevier.com/S2211-1042(20)30116-8/sbref0095
mailto:amaury.a.durand@gmail.com
https://doi.org/10.1016/j.phclin.2020.08.005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.phclin.2020.08.007&domain=pdf


Figure 1
Remdesivir mechanism of
action against SARS-CoV
2Mécanisme d'action du
Remdesivir contre le
SRAS-CoV 2

TABLE I
Characteristic of studies included.

Caractéristiques des études incluses.

First author Location Sample
size

Mean
age

Dosages of remdesivir Weaning mechanical
ventilation (%)

Death Adverse
event

Ref

Holshue et al. USA 1 35 NR dosage for 7 days 100% 0 0 17

Kujawski et al. USA 12 53 NR 100% 0 NA 18

Lescure et al. France 5 53 200 mg of on da
y 1 followed

by 100 mg daily for 9 days

33.3% 0 30% 19

Hillaketer et al. USA 1 40 200 mg of on day 1 followed
by 100 mg daily for 9 days

100% 0 0 20

Grien et al. USA 53 64 200 mg of on day 1 followed
by 100 mg daily for 9 days

67.92% 7 60% 16

Wang et al. China 236 65 200 mg of on day 1 followed
by 100 mg daily for 9 days

65% in cases
58% in controls

15 in cases
7 in control

17% 15

Biegel et al. Worldwide 1069 58.9 200 mg of on day 1 followed
by 100 mg daily for 9 days

NR 32 in cases
54 in controls

48.1% 21

Goldman et al. Worldwide 397 61.5 200 mg of on day 1 followed
by 100 mg daily for 9/4 days

64% in cases
54% in controls

16 in cases
21 in controls

14% 22

NR: not reported.
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(GS-5734) is a monophosphoramidate prodrug which is a nucle-
oside analogue of adenosine triphosphate, initially developed to
treat Ebola (filovirus) infection, but which shows, both in vitro
and in vivo, inhibitory efficacy against paramyxoviruses, pneu-
moviruses and beta-coronaviruses (SARS-CoV 1 and MERS-CoV)
tome 56 > n81 > March 2021
[6–9]. In addition, Pizzorno et al. showed that Remdesivir has
inhibitory effects on SARS-CoV-2 replication in human nasal and
bronchial epithelial cells [10], and Williamson et al. confirmed
potential inhibitory effects of SARS-CoV 2 in a rhesus macaque
model (figure 1) [11].
91



K. Ghazvini, M. Keikha

92
Le

tt
er

to
th

e
ed

it
o
r

Numerous studies investigated the therapeutic effects of
Remdesivir against SARS-CoV 2 [12–14]. The FDA confirmed
efficacy in the US [13,14], but clinical findings are controversial
[15,16].
The aim of the present study was to assess the clinical efficacy
and safety of Remdesivir in the treatment of COVID-19 patients,
using human studies.
We performed a search of the PubMed, Scopus, Cochrane library,
Google Scholar, medRxiv and bioRxiv databases to obtain
articles on the efficacy of Remdesivir in COVID-19. A systematic
search was conducted up to July 2020 using MeSH terms such as
"2019 novel coronavirus'', "2019-nCoV'', "COVID-19'', "coronavi-
rus disease 2019'', and "Remdesivir''. The title and abstract of
retrieved articles were evaluated for relevance, and potentially
relevant articles were reviewed in full-text to extract informa-
tion on (1) first author, (2) country, (3) sample size, (4) mean
age, (5) mortality, (6) number of adverse events, (7) Remdesivir
doses, (8) the percentage of mechanically ventilated patients,
and (9) number of references (Table I).
Data on virological cure (virus clearance on RT-PCR), improve-
ment, hospital discharge, adverse events and death were used
to measure event rates with 95% confidence intervals. We also
calculated recovery time and the clinical efficacy of Remdesivir
from randomized clinical trial documents using Comprehensive
Meta-Analysis (CMA) software version 2.2 (Biostat, Englewood,
NJ, USA). For pooled data, odds ratios were calculated by a
random effects model, based on the Dersimonian and Laird
method for high heterogeneity between studies, including I2

index > 25% and Cochran Q test P-value > 0.05. A fixed-effects
model was used for low heterogeneity cases. In addition,
Egger's regression model and Begg and Mazumdar rank corre-
lation were used to determine publication bias [17].
We screened 76 records identified in the databases. After
excluding 68 inappropriate articles, 8 articles, for 1774 patients,
were included for analysis [18–22]. The efficacy of Remdesivir
supplementation on oxygen saturation in COVID-19 patients
and discharged patients was 55.3% (95% CI, 51.3–59.3%; P-
value: 0.01; Q-value: 23.64; I2: 78.85; Beggs P-value: 0.50;
Eggers P-value: 0.32) and 59.1% (95% CI, 56–62.2%; P-value:
0.01; Q-value: 12.08; I2: 58.61; Beggs P-value:0.35; Eggers P-
value: 0.23) respectively. Adverse event and mortality rates in
COVID-19 patients treated by Remdesivir were 46.3% (95% CI,
43.2–49.4%; p-value: 0.02; Q-value: 257.95; I2: 97.64; Beggs P-
value: 0.50; Eggers P-value: 0.46) and 8.2% (95% CI, 6.7–9.9%;
P-value: 0.001; Q-value: 7.00; I2: 14.30; Beggs P-value: 0.50;
Eggers P-value: 0.28). Remdesivir supplementation was
associated with a high rate of virological cure (viral clearance
from sterile samples) of 90.9% (95% CI, 64.6–98.2%; P-value:
0.008; Q-value: 0.69; I2: 0.00; Beggs P-value: 0.14; Eggers
P-value: 0.046). It thus seemed that Remdesivir is an appro-
priate therapeutic agent for the treatment of COVID-19
patients.
In the next step, we evaluated the clinical efficacy and safety of
Remdesivir in human clinical trials. A total of 1295 patients were
included: 696 receiving Remdesivir and 599 placebo (control).
Remdesivir significantly improved COVID-19 patients compared
to placebo (odds ratio: 1.85; 95% CI, 1.47–2.31; P-value: 0.001;
Q-value: 1.32; I2: 24.50). Time to recovery was significantly
shorter (OR: 1.14; 95% CI, 1.01–1.30; P-value: 0.034; Q-value:
11.42; I2: 82.49; Beggs P-value: 0.50; and Eggers P-value:
0.034). There was no significant difference in adverse event
rate (OR: 0.77; 95% CI, 0.60–0.99; P-value: 0.049; Q-value: 1.12;
I2: 10.84) or mortality (OR: 0.62; 95% CI, 0.41–0.93; P-value:
0.02; Q-value: 1.55; I2: 35.75).
Overall, we showed that Remdesivir was an efficient therapeutic
agent against SARS-CoV 2; particularly, time to recovery was
reduced compared placebo. Recently, after the first trials on
1,061 COVID-19 patients treated by Remdesivir, the NIH concluded
that Remdesivir has clinical benefit for treatment and shortens time
to recovery in SARS-CoV2 patients [23]. However, there remain
30 trials registered in the ClinicalTrials.gov database which need to
enroll patients. In addition, there is bias in the current completed
trials on the efficacy of Remdesivir against COVID-19; for example,
Chinese trials investigated more severe COVID-19 patients; there is
diversity in patient enrolment and in end-points; there are no
control groups in case reports which investigated the efficacy of
Remdesivir for COVID-19; and some trials showed no significant
difference between Remdesivir and placebo groups [15,16,24].
The present analysis confirmed the clinical benefit of Remdesivir
in COVID-19 patients. Several other studies led to a green light:
(1) the FDA recommended the use of Remdesivir on May
2 following the open-label multicenter study in 53 patient by
Grein et al. [16]; (2) the FDA gave a green light for Remdesivir
following the randomized controlled study of more than
1000 hospitalized patients by Beigel et al. [25]; (3) the European
Medicines Agency gave market authorization for Remdesivir
on June 25; and (4) the French ANSM drug safety agency granted
Remdesivir a temporary use authorization (ATU) on July 2 for
adults and children over 12 years old. Nevertheless, there were
several limitations in the current analysis: (1) a small number of
studies, (2) small sample size, (3) patient enrollment issues, and
(4) heterogeneity between studies impairing reliability. The
present study showed the efficacy of Remdesivir for the treat-
ment of COVID-19 in terms of shortening time to recovery.
However, there are few studies, and randomized clinical trials
take time; there is finally no convincing evidence of beneficial
results of Remdesivir for the treatment of COVID-19 patients, and
more trials with a greater number of patients are needed to
confirm the present findings and suggestions.
Author contributions: Kiarash Ghazvini: first draft.
Masoud Keikha: supervision, data analysis, revising and editing manuscript.

Disclosure of interest: the authors declare that they have no competing
interest.
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Can Curcumin be used as a therapeutic agent to eradicate Helicobacter pylori infection? Evidence from human
clinical trials

Le
tt
er
s
to

th
e
Ed

it
o
r

References

[1] Cucinotta D, Vanelli M. WHO declares COVID-19 a pandemic. Acta Biomed
2020;91:157–60.

[2] World Health Organization. Novel coronavirus — China; 2020 (https://
www.who.int/csr/don/12-january-2020-novel-coronavirus-china/en/).

[3] Richardson S, Hirsch JS, Narasimhan M, et al. Presenting characteristics,
comorbidities, and outcomes among 5700 patients hospitalized with
COVID-19 in the New York City area. JAMA 2020;323:2052–9.

[4] Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of
adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet 2020;395:1054–62.

[5] Khan Z, Karataş Y, Ceylan AF, Rahman H. COVID-19 and therapeutic drugs
repurposing in hand: the need for collaborative efforts. Pharma Hosp Clin
2020.

[6] de Wit E, Feldmann F, Cronin J, et al. Prophylactic and therapeutic
remdesivir (GS-5734) treatment in the rhesus macaque model of MERS-
CoV infection. Proceedings National Acad Sci 2020;117:6771–6.

[7] Sheahan TP, Sims AC, Graham RL, et al. Broad-spectrum antiviral GS-5734
inhibits both epidemic and zoonotic coronaviruses. Sci Transl Med 2017;9:
eaal3653.

[8] Sheahan TP, Sims AC, Leist SR, et al. Comparative therapeutic efficacy of
remdesivir and combination lopinavir, ritonavir, and interferon beta
against MERS-CoV. Nature Com 2020;11:1–4.

[9] Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine effectively
inhibit the recently emerged novel coronavirus (2019-nCoV) in vitro. Cell
Res 2020;30:269–71.

[10] Pizzorno A, Padey B, Julien T, et al. Characterization and treatment of SARS-
CoV-2 in nasal and bronchial human airway epithelia. bioRxiv 2020. Cell
Reports Medicine. doi: 10.1016/j.xcrm.2020.100059.

[11] Williamson BN, Feldmann F, Schwarz B, et al. Clinical benefit of
remdesivir in rhesus macaques infected with SARS-CoV-2. BioRxiv.
2020. Nature 2020. http://dx.doi.org/10.1038/s41586-020-2423-5.

[12] Center for disease control and Prevention (CDC). Information for Clinicians
on Therapeutic Options for COVID-19 Patients Available from: https://
www.cdc.gov/coronavirus/2019-ncov/hcp/therapeutic-options.html.
Accessed on 28 March 2020.

[13] Cao B, Wang Y, Wen D, et al. A trial of lopinavir–ritonavir in
adults hospitalized with severe Covid-19. N Engl J Med 2020
[PMID: 32187464].

[14] Medical News Today. FDA grant remdesivir emergency use for COVID-19
after turbulent week; 2020, https://www.medicalnewstoday.com/
articles/fda-grantremdesivir-emergency-use-for-covid-19-after-
turbulent-week.

[15] Wang Y, Zhang D, Du G, et al. Remdesivir in adults with severe COVID-19: a
randomised, double-blind, placebo-controlled, multicentre trial. Lancet
2020;395:1569–78.

[16] Grein J, Ohmagari N, Shin D, et al. Compassionate use of remdesivir for
patients with severe Covid-19. N Engl J Med 2020;382:2327–36.

[17] Sarma P, Kaur H, Kumar H, et al. Virological and clinical cure in COVID-19
patients treated with hydroxychloroquine: a systematic review and meta-
analysis. J Med Virol 2020;92:776–85.

[18] Holshue ML, DeBolt C, Lindquist S, et al. First case of 2019 novel
coronavirus in the United States. N Engl J Med 2020;382:929–36.

[19] Kujawski SA, Wong KK, Collins JP, et al. First 12 patients with corona-
virus disease 2019 (COVID-19) in the United States. Nat Med 2020;26:
861–8.

[20] Lescure FX, Bouadma L, Nguyen D, et al. Clinical and virological data of
the first cases of COVID-19 in Europe: a case series. Lancet Infect Dis
2020;20:697–706.

[21] Hillaker E, Belfer JJ, Bondici A, Murad H, Dumkow LE. Delayed initiation
of Remdesivir in a COVID-19-positive patient. Pharmacotherapy 2020;40:
592–8.

[22] Goldman JD, Lye DC, Hui DS, et al. Remdesivir for 5 or 10 days in patients
with severe Covid-19. N Engl J Med 2020 [NEJMoa2015301].
tome 56 > n81 > March 2021
[23] Mahase E. Covid-19: Remdesivir is helpful but not a wonder drug, say
researchers. BMJ 2020;369:m1798.

[24] Al-Tannak NF, Novotny L, Alhunayan A. Remdesivir — bringing hope for
COVID-19 treatment. Sci Pharm 2020;88.

[25] Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the treatment of
Covid-19-preliminary report. N Engl J Med 2020 [PMID: 32445440].

K. Ghazvini1,2, M. Keikha1,2,3
1Mashhad University of Medical Sciences, Antimicrobial Resistance
Research Center, Mashhad, Iran

2Mashhad University of Medical Sciences, Faculty of Medicine,
Department of Microbiology and Virology, Mashhad, Iran

3Mashhad University of Medical Sciences, Student Research Committee,
Mashhad, Iran

Correspondence: M. Keikha, Mashhad University of Medical Sciences,
Faculty of Medicine, Department of Microbiology and Virology,

Mashhad, Iran
masoud.keykha90@gmail.com
Received 4 July 2020

Accepted 22 August 2020
https://doi.org/10.1016/j.phclin.2020.08.007
© 2020 Elsevier Masson SAS. All rights reserved.
Can Curcumin be used as a
therapeutic agent to
eradicate Helicobacter pylori
infection? Evidence from
human clinical trials

La curcumine peut-elle être utilisée
comme agent thérapeutique pour éradiquer
une infection à Helicobacter pylori ?
Preuves issues d'essais cliniques sur l'homme
Helicobacter pylori (H. pylori) is a gram-negative, microaero-
philic, and spiral form bacterium that colonizes in the gastric
sub-mucus of about half of the world's population, such that
they are infected with this bacterium at childhood in the
developing countries, and nearly 100% of the population in
these regions is infected with H. pylori [1,2]. The H. pylori-
infected populations often remain asymptomatic, while
H. pylori-related gastrointestinal diseases i.e. peptic ulcer
and gastric adenocarcinoma are seen in 10-15% of people
[2,3]. Therefore, eradication of H. pylori infection is an impor-
tant strategy for the prevention of peptic ulcer and gastric
cancer (GC) [4]. However, the eradication of H. pylori infection
has been a major challenge in recent years due to the spread of
antibiotic resistance, and also the misuse, side effects, high cost
of antibiotics, as well as the lack of vaccines [4–6]. Herbal
93
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