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Abstract: The aim of this report is to review the literature and shed light on the uncertainties surrounding the use of antiviral agents in
general and remdesivir in COVID-19 patients. This review evaluated a battery of antiviral compounds and their effectiveness in the
treatment of COVID-19 since the beginning of the pandemic. Remdesivir is the only antiviral approved by the EMA and FDA for the
treatment of SARS-CoV-2 infection. This work extensively reviews remdesivir data generated from clinical trials and observational
studies, paying attention to the most recent data, and focusing on outcomes to give readers a more comprehensive understanding of the
results. This review also discusses the recommendations issued by official bodies during the pandemic in the light of the current
knowledge. The use of remdesivir in the treatment of SARS-CoV-2 infection is justified because a virus is the causative agent that
triggers the inflammatory responses and its consequences. More trials are needed to improve the management of this disease.
Keywords: COVID-19, anti-viral therapy, viral RNA polymerases, recommendations

Introduction
Coronavirus infectious disease 19 (COVID-19) is caused by a virus from the Coronaviridae family, and was first detected
in the city of Wuhan in China at the end of 2019.1 The virus was named severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2).1 It is transported from infected individuals via droplets, aerosols or fomites and binds to the nasal
epithelial cells, thus entering the cells through the highly expressed receptor ACE-2 with its cleaved spike protein (S)
receptor-binding-domain.2 The conformational change of the S protein facilitates membrane fusion through the endoso-
mal pathway in order to release the SARS-CoV-2 RNA inside the host cell, where it will be translated into viral replicase
polyproteins by proteolysis. This is followed by replication of the viral genome and translation of viral structural
proteins. Finally, the virion is assembled and released in the endoplasmic reticulum and Golgi.3 Figure 1 shows the
SARS-CoV-2 life cycle and some of the drugs that inhibit the vital steps.

COVID-19 clinical manifestations and complications were reviewed recently in a meta-analysis that included 41
studies and 16,495 patients.4 The most prevalent clinical manifestations were fever 78.1%, cough 64.6%, fatigue 40.8%,
and dyspnea 38.6%. Severe COVID-19 patients were found to present significantly higher dyspnea (odds ratio (OR):
4.20, 95% CI: 3.09–5.72), cough (OR:1.45, 95% CI: 1.18–1.78) and fatigue (OR: 1.40, 95% CI: 1.14–1.72). The most
prevalent comorbidities were hypertension 32.2%, diabetes 17.1%, and cardiovascular disease 15.3%. In the group with
more severe disease, hypertension (OR: 1.98, 95% CI: 1.62–2.42), diabetes (OR: 2.04, 95% CI:1.67–2.50), cardiovas-
cular disease (OR: 2.78, 95% CI: 2.00–3.86) and cancer (OR: 1.75, 95% CI: 1.40–2.18) were also significantly
associated. Acute respiratory distress syndrome (ARDS) was present in 24.7% of patients.4

A meta-analysis5 focusing on the pathogenic effects observed in autopsies revealed diffuse alveolar damage (DAD)
frequently associated with pulmonary thrombotic microangiopathy, caused by endothelial and myointimal growth with
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complement activation, as shown in skin lesions from COVID-19 patients.6 Evidence has shown endothelial cell damage
and the presence of SARS-CoV-2 infection in the endothelium.7 Other organs, such as heart, liver, kidney, brain, spleen,
skin and the adrenal glands, showed some inflammatory findings and vascular damage. The immunohistochemical
analysis showed tissue inflammatory cell infiltration. The virus was detected by different techniques, such as RT-PCR,
immunohistochemistry, and electron microscopy, showing that SARS-CoV-2 does not exclusively affect the lung.5 These
results are consistent with those obtained from the first 100 autopsies of COVID-19-positive patients performed at Mount
Sinai in New York, where 90% of all cases presented DAD. Other findings were microthrombi found in several organs,
as well as presence of the virus confirmed by electron microscopy. Elevated cytokines, such as IL-16, IL-18, and TNFα
were found as well as inflammatory markers and abnormal coagulation parameters.8

The damage caused by the virus in the lung is still poorly understood. But patients with high viral loads and long
shedding periods are at higher risk for presenting severe forms of COVID-19.9 RNA load in plasma correlates with
dysregulated host response involving chemokines, biomarkers of systemic inflammatory response, activation of NK cells,
endothelial dysfunction, coagulation activation, tissue damage, neutrophil response, and immunodepression, suggesting
that uncontrolled viral replication plays a major role in the pathogenesis of this disease.10 Massive epithelial and
endothelial apoptosis together with vascular leakage and proinflammatory cytokine release may be caused by early
onset viral replication.11 It is at this stage where antivirals, together with interferon-based therapies, may be more
effective,12 although viral shedding has been detected in later stages of the disease.13,14 Later stages of the disease
involve an exaggerated inflammatory response, where the host immune system reacts in an uncontrolled manner
(Figure 2).15

In the early-middle stage of COVID-19, when active replication of the virus is eventually present in all patients, the use
of an antiviral to halt the propagation is justified. Moreover, the early use of these types of compounds may prevent
progression to the inflammatory phase and subsequent complications, and can even reduce the risk of mortality, as
demonstrated in real world practice.16,17 In the middle-late stage, anti-inflammatory/immunomodulatory therapy has
demonstrated efficacy in diminishing mortality in patients receiving respiratory support.18 The main aim of this review
is to garner expert opinion and shed light on the uncertainties surrounding the use of antiviral agents in general and
remdesivir in particular in COVID-19 patients.

Antiviral Treatments Evaluated for COVID-19
In 2006, after the coronavirus outbreak of 2002, de Clercq proposed a series of viral targets for inhibiting SARS-CoV:19

1. The spike (S) glycoprotein involved in viral entry into the cells.
2. The processing of the replicase polyproteins by virus-encoded proteases.
3. The NTP/helicase and RNA-dependent RNA polymerase.

Figure 1 SARS-Cov-2 life cycle and the antivirals that inhibit the different steps.
Abbreviation: nAbs, neutralizing antibodies.
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Following this, several drugs have been tested in this pandemic to inhibit SARS-CoV-2 during various stages of the
infection and reduce the total viral load (Figure 1).20 Several compounds were assessed as potential antiviral for COVID-19
at some point during the pandemic, but finally, their results showing a non-significant benefit in different clinical trials resulted
in their withdraw. These include azithromycin,21 chloroquine/hydroxychloroquine (CQ/HCQ),22–24 convalescent plasma,25

lopinavir and ritonavir,26 interferon,27 ribavirin,28 Ivermectin,29 and nitazoxanide.30

The following drugs have shown efficacy in clinical trials or are under current investigation to prove efficacy:

Molnupiravir
Molnupiravir, a broad-spectrum antiviral that is an orally bioavailable prodrug of the nucleoside analogue β-D-N4-
hydroxycytidine that can increase transition mutations during viral replication.31 An analysis of a Phase 3 clinical trial
encompassing 1433 participants showed that molnupiravir significantly reduced the risk of hospitalization or death in at
risk, non-hospitalized adult patients with mild-to-moderate COVID-19. After showing positive results in the interim
analysis, in the analysis with all participants molnupiravir reduced the risk of hospitalization or death through day 29
was by approximately 30% compared to the placebo group (6.8% [48 of 709] vs 9.7% [68 of 699]; difference, −3.0%;
95% CI, −5.9 to −0.1). Results of subgroup analysis was largely consistent with these overall results, but in patients
with previous SARS-CoV-2 infection, those with low baseline viral load, and those with diabetes the analysis favored
the placebo group. In line with this data, at day 29 there was 1 death in the molnupiravir group, compared to the 9
deaths in the control group. Adverse events were reported in 30.4% in the molnupiravir group and 33.0% in the placebo
group.32

PF-07321332 and Ritonavir
A combination of PF-07321332 and ritonavir has shown results from an interim analysis of the Phase II–III clinical trial.
In this study patients receiving this combination within three day of symptoms onset showed 0.8% of hospital admission
up to day 28 compared to the 7% showed by those patients receiving placebo, with none and 7 reported deaths
respectively (p<0.0001). Also, in those patients receiving the combination within 5 days of disease onset, the hospita-
lization up to day 28 was 1% with no deaths, compared to a 6.7% of Hospitalizations and 10 deaths in the placebo group.
Adverse effects were similar in both groups (19% and 21% in the paxlovid and placebo group, respectively).33

Favipiravir
A meta-analysis involving 11 studies (6 with favipiravir and 5 as comparator) found that this antiviral compound
increased viral clearance at day 7 and provided clinical improvement at day 14, indicating a strong potential for
treatment, especially in mild-to-moderate COVID-19 patients.34 Another meta-analysis encompassing 9 studies found
significant clinical improvement and viral clearance in the Favipiravir group versus the control group after 7 and 14 days

Figure 2 COVID-19 stages.
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of hospitalization, respectively.35 This antiviral compound has received authorization for the treatment of COVID-19 in
China and Russia.36

Anti-SARS-CoV-2 Neutralizing Antibodies
As mentioned above, SARS-CoV-2 enters the host cells through the ACE-2 receptor via the viral spike protein and its
RBD.2 This interaction represents a theoretical target to block viral entry into the host cell. Several attempts have
been made to generate antibodies that neutralize this interaction,37 and some have been approved for use against
COVID-19. Bamlanivimab showed a significant reduction in mean viral load and the incidence of hospitalization or
Emergency Department visits compared to controls.38 This antibody has also shown a prophylactic effect, reducing
the likelihood of symptomatic COVID-19 by 57%.39 The combination of bamlanivimab with etesevimab in ambu-
latory COVID-19 patients was associated with a significant reduction in viral load versus placebo, and a reduction in
the number of hospitalizations.40 The casirivimab and imdevimab combination reduced the risk of hospitalization and
death by 70%.41 This antibody cocktail has also shown benefits in a prophylactic setting.42 Regdanvimab, also known
as CT-P59, is a fully human anti-SARS-CoV-2 mAb that has shown promising results in a Phase I trial43 This
neutralizing antibody (nAB) has shown neutralizing activity against the B.1.351 mutation containing variant.44

Sotrovimab has shown promising results in an interim analysis of the phase 3 trial COMET-ICE, reducing the risk
of COVID-19 progression by 85% (97.24% CI, 44% - 96%; p = 0.002). Adverse events were reported by 17% and
19% of patients receiving sotrovimab and placebo, respectively; serious adverse events were less common with
sotrovimab (2%) versus placebo (6%).45 Sotrovimab received a the approval from the EMA for use in COVID-19
patients with high risk of progression who do not require supplemental oxygen.46 One caveat of neutralizing
antibodies is the differential capacity shown to block the different SARS-CoV-2 variants.47 In this regard sotrovimab
has demonstrated its neutralizing capacity against the omicron variant.47

Remdesivir
Remdesivir was the first antiviral drug to be recommended for approval in the European Union (EU) and in the USA for the
treatment of COVID-19,48,49 received final approval and has been recently reviewed by the EU regulatory authorities.50 This
compound is an adenosine-analogue prodrug that inhibits viral RNA polymerases after metabolic activation.51 Remdesivir
has demonstrated inhibitory in vitro activity in primary human airway epithelial cells and Calu-3 human lung cells with
a half-maximal effective concentration of 9.9 nM and 280 nM, respectively.52 Therapeutic effects in vivo have also been
demonstrated in rhesus monkeys,53,54 showing a significant decrease in clinical signs of respiratory disease, lung pathology,
gross lesions, and RNA load compared to control animals.53 Recent preliminary clinical data showed a significant decrease in
SARS-CoV-2 viral load in COVID-19 patients receiving remdesivir at day 5, and a significative increase of the Ct values of
gRNA (genomic) and sgRNA (subgenomic) at day 2 and 5.55 This antiviral was formulated for intravenous (IV) adminis-
tration after extensive first pass extraction.56 Intravenous remdesivir has 100% bioavailability, and peaks after 30 min.56 It
presents moderate binding to plasma proteins, and is mainly metabolized by carboxylesterase 1, followed by cathepsin A,
and cytochrome P450 (CYP) 3A.51 It is eliminated through urine (74%) and feces (18%).51

Several studies have evaluated the effectivity of remdesivir in the treatment of COVID-19 patients. This work reviews
the main findings of clinical trials and observational studies of remdesivir in patients with COVID-19

Clinical Trials
Table 1 summarizes the results obtained in the different clinical trials assessing the effectiveness of this compound. An
early randomized, double-blind, placebo-controlled, multicenter trial performed in 10 hospitals in Hubei, China, did
not observe a clinical improvement (hazard ratio (HR): 1.23; 95% CI: 0.87–1.75). Patients receiving this drug
presented a numerically faster time to clinical improvement compared to those who received placebo, with symptom
duration of ≤ 10 days (HR: 1.52; 95% CI: 0.95–2.43). Treatment was stopped in 18 (12%) and 4 (5%) patients who
received remdesivir and placebo, respectively. This study did not find significant reductions in SARS-CoV-2 RNA
loads assayed in the upper respiratory tract and sputum. One limitation of this study was that it did not recruit the
expected number of patients due to the restrictions imposed in the region in connection with the pandemic.57
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Table 1 Summary of Results Obtained in Clinical Trials Testing Remdesivir

Study Treatment
Extension1

Severity N Design Time from
Symptom Onset
(Median Time)

Primary Results Ae Mortality Other Results

Wang et al57 10 d Severe T: 237

RDV:

158
P: 79

Randomized,

double-blind,

placebo-controlled,

RDV: 11 (9–12)

P: 10 (9–12)

Clinical
improvement 2
points:
remdesivir, 21 d

P: 23 d

(HR: 1.23 95% CI:
0.87–1.75)

RDV: 66%

P: 64%

28 d

RDV: 14%

P: 13%

Viral load 5d:

RDV no

difference vs P.
more rapid decline in

load (p=0.0672).

SIMPLE SEVERE58 5 or 10 d Severe T: 397
10d: 197

5d: 200

Randomized, open
label

5d: 8 (5–11)
10d: 9 (6–12)

Clinical
improvement:
5d: 64% 10d: 54%

Nausea 9%
worsening

respiratory

failure 8%
AAT 7%

constipation

7%

5d: 8%
10d: 11%

Discharge
5d: 60%

10d: 52%

SIMPLE
MODERATE59

5 or 10 d Moderate 10d: 197
5d: 199

SOC:

200

Randomized, open
label

10d: 8 (5–11)
5d: 8 (5–11)

SOC: 9 (6–11)

Clinical status
on day 11
5d: OR, 1.65; 95% CI,

1.09–2.48
p =0.02
10d P =0.8

Nausea 10%
vs 3%

Hypokalemia

6% vs 2%
Headache 5%

vs 3%

5d: 1%
10d: 2%

SOC: 2%

Clinical status on day 14,
28

5d, 10d vs SOC

p = 0.03

ACTT-160 10d Severe 1062

RDV:

541
P:521

Randomized,

double-blind,

placebo-controlled

RDV: 9 (6–12)

P: 9 (7–13)

Time to recovery
remdesivir vs P
10d vs 15d
RR: 1.29; 95% CI,

1.12–1.49; P<0.001)

RDV (SAE):

24.6%

P (SAE):
31.6%

d29

RDV: 11.4%

P: 15.2%
HR: 0.73; 95%
CI, 0.52–1.03

43% fewer patients with

RDV started invasive

ventilation

SOLIDARITY27 10d NR RDV:

2743

C:2708

Randomized, open

label

NR RR for death:
0.95 (0.81–1.11)

NR RDV: 301

C: 303

(RR: 0.95; 95%
CI: 0.81–1.11;
P = 0.50)

No differences in start of

mechanical ventilation

(Continued)
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Table 1 (Continued).

Study Treatment
Extension1

Severity N Design Time from
Symptom Onset
(Median Time)

Primary Results Ae Mortality Other Results

PINETREE61 3d Moderate RDV:279

P:283

Randomized,

double-blind,

placebo-controlled

5 (3–6) COVID-19
hospitalization/all-
cause death 28d
HR: 0.13; 95% CI:
0.03–0.59; p = 0.008

Grade ≥3;
SAE
RDV: 4%; 2%
P: 7%; 7%

RDV: 0

P: 0

Risk of COVID-19
related MAV/all-cause
death 28d
HR: 0.19; 95% CI: 0.07–
0.56; p = 0.002

Abbreviations: 1 load, 200 mg; 100 mg /day; AE, adverse effects; C, control; d, day; ECMO, extracorporeal membrane oxygenation; HR, hazard ratio, NR, not reported; P, placebo; OR, odds ratio; RDV, remdesivir; RR, risk ratio; Rx,
radiographic; SAE, serious adverse effect; SOC, standard of care; SpO2, oxygen saturation; T, total; y, year.
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In a randomized, open-label, phase 3 trial in which patients with severe COVID-19 not requiring mechanical
ventilation were treated with remdesivir, no significant differences were detected between the 5-day course and the
10-day course of remdesivir. The magnitude of the benefit could not be determined due to the lack of a placebo
control group. Regarding safety, the study showed that grade ≥3 laboratory abnormalities occurred in 27% and 34%
of the patients who received the 5-day course and the 10-day course, respectively, but most were transient.58

Another study with the same design assessed the effects of remdesivir in patients with moderate disease. Major
findings are summarized in Table 1. Comparing the 5-day and 10-day courses, no significant differences were found
in time to ≥2-point improvement in clinical status, time to ≥1-point improvement in clinical status, time to recovery,
time to modified recovery, and time to discontinuation of oxygen support. No differences were detected between
remdesivir and SOC in duration of oxygen therapy or hospitalization. A Post hoc analysis showed that the clinical
status in both remdesivir groups was significantly better compared to SOC (p = 0.03 for both groups) and remained
significantly better in the 10-day course group by day 28 (p = 0.03).59

In a double-blind, randomized, placebo-controlled trial (ACTT-1), remdesivir achieved 50% clinical improvement
(Table 1). In total, 23.0% (n=241) of all patients were treated with glucocorticoids and 35.6% (n=373) with HCQ.
Benefits of remdesivir were more pronounced when the drug was given earlier in the disease course, but the benefits also
persisted in most analysis of symptom duration (median 9 days). Remdesivir benefits were also significant in patients
with comorbidities. Patients in the remdesivir group showed improvement in the ordinal scale score and a lower mortality
rate at day 15 and 29 compared to placebo, especially those with a baseline ordinal score of 5 (hospitalized, requiring
supplemental oxygen) (HR: 0.30; 95% CI: 0.14–0.64). The remdesivir group also required less respiratory support than
the placebo group, specifically new use of oxygen (36% remdesivir vs 44% in placebo), new high-flow oxygen (17%
remdesivir vs 24% placebo), and new mechanical ventilation or ECMO (13% remdesivir vs 23% placebo). Data also
showed that treatment with remdesivir may have prevented progression to more severe respiratory disease, as shown by
a lower incidence of serious adverse events related to respiratory failure.60 According to the model published by Soriano
et al, based on the results obtained with remdesivir at the ACTT-1 trial, the use of this drug during the first wave of the
pandemic in Spain would have prevented 2587 ICU admissions, thereby freeing up 5656 general hospital beds –
a capacity increase of 17.53% [95% CI: 3.98–24.42%]) - and 1700 ICU beds – a capacity increase of 23.98% (95%
CI: 21.33–28.22%) - for other patients. Overall, it has been predicted that the use of remdesivir during the first wave of
COVID-19 in Spain would have prevented 7639 deaths – a reduction of 27.51% (95% CI: 14.25–34.07%).62 The World
Health Organization (WHO) conducted a different randomized open-label non placebo controlled clinical trial of 4
antiviral drugs (remdesivir, hydroxychloroquine, lopinavir and interferon β-1a), involving 405 hospitals in 30 countries.
The results in this case showed that remdesivir (RR: 0.95 [95% CI, 0.81–1.11]) and the other compounds had little or no
effect on overall mortality, initiation of ventilation, or duration of hospitalization;27 however, patients in this study were
stratified by need for respiratory support instead of the method used in other clinical trial (disease severity).27

In a recent double-blinded, placebo-controlled phase 3 study that included 64 sites in 4 countries and 584 randomized
patients, the safety and efficacy of a 3-day course of remdesivir was evaluated in non-hospitalized participants at elevated
risk of disease progression. Treatment with remdesivir resulted in an 87% reduction in risk of COVID-19 related
hospitalization or all-cause death by day 28 compared to placebo (HR: 0.13; 95% CI: 0.03–0.59; p = 0.008). Remdesivir
also resulted in a significant 81% reduction in risk of COVID-19 related medically attended visits or all-cause death
by day 28 compared to placebo (HR: 0.19; 95% CI: 0.07–0.56; p = 0.002). No differences were observed in the safety
profile of remdesivir compared to placebo. Interestingly, there was no reduction in nasopharyngeal viral load up to day 7
between groups, suggesting that this surrogate efficacy marker is inadequate.61

The effect of Remdesivir at other disease stages and in combination with other compounds is currently being
evaluated in other clinical trials.

Observational Studies
In a recent press release, the EMA noted that the evidence generated by high-quality “real world” data are fundamental to
gain a near real-time understanding of the safety and effectiveness of drugs in everyday use, especially in this pandemic,
in order to inform public health policies on treatment management and vaccinations.63 Several studies have analyzed the
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effects of remdesivir outside the clinical trial setting. In a preliminary study of the compassionate use of remdesivir, 53
confirmed COVID-19 patients with SpO2 < 94% received remdesivir at the standard regimen for up to 10 days. During
the median 18-day follow-up, 68% (n = 36) of patients showed improvement in oxygen-support class (17 out of 30 were
extubated), 47% (n = 25) were discharged, and 13% (n = 7) died.64 In another study evaluating 242 consecutive patients
admitted for COVID-19, 123 (50.8%) with a median age of 58 years received remdesivir (48–69). Intensive care unit
(ICU) admission and mechanical ventilation were needed in 19.5% and 7.3% of the patients, respectively. The 30-day
mortality rate was 4.1% (5/123), like the 3.8% reported in the ACTT-1.60 The mortality rate was 8.3% (2/24) in those
admitted to the ICU. Mortality among patients receiving concomitant dexamethasone with remdesivir was 16.7%, and
5.3% with tocilizumab. All non-survivors were ≥ 80 years of age and received concomitant anti-inflammatory drugs.65

Drug administration occurred earlier than in ACTT-1,60 which might explain the shorter hospital stay (8 vs 12 days) and
less need for mechanical ventilation (7.3 vs 12.9%).65 Remdesivir was not discontinued due to severe adverse effects
(including elevation of hepatic enzymes) in any of the patients, a finding that supports the good tolerability of this drug.65

A retrospective comparative effectiveness research study examined whether the administration of remdesivir with or
without corticosteroids was associated with more rapid clinical improvement compared with matched individuals who did
not receive the drug. Of the 2483 patients included with confirmed severe COVID-19, 342 received remdesivir, of whom
184 also received corticosteroids and 158 remdesivir alone. Patients who received remdesivir presented a shorter time to
clinical improvement compared with those without remdesivir (median 5.0 days [interquartile range (IQR): 4.0–8.0 days] vs
7.0 days [IQR: 4.0–10.0 days]; adjusted hazard ratio (aHR), 1.47 [95% CI, 1.22–1.79]). Mortality at day 28 in the
remdesivir group was 7.7% (22) compared to 14% (40) (aHR: 0.70; 95% CI: 0.38–1.28). The addition of corticosteroids
did not reduce mortality (aHR: 1.94; 95% CI: 0.67–5.57). This study included a large proportion of non-Caucasian
individuals (80%)66 compared to other clinical trials (30–47%).58–60 Another study analyzing real-world data from 2
population-based nationwide cohorts of individuals hospitalized with COVID-19 compared the effectiveness of SOC alone
vs SOC plus remdesivir and dexamethasone. The 30-day mortality rate of patients treated with remdesivir and dexametha-
sone in addition to SOC was 12.6% compared to 19.7% for those receiving SOC alone (OR: 0.47; 95% CI: 0.38–0.57) for
patients treated with remdesivir and dexamethasone compared to patients receiving SOC alone. Progression to mechanical
ventilation was also reduced (OR: 0.36; 95% CI: 0.29–0.46).67

Three large observational studies using propensity score matching have recently observed benefits in patients
hospitalized for COVID-19 who received remdesivir compared to those in the control group.16,68,69 A recent study
assessed the mortality rate and time to discharge of hospitalized patients with COVID-19 who were treated with remdesivir
(n=24,856) versus those in the control arm (n=24,856). It showed that patients treated with remdesivir had a 23% reduction in
mortality risk (HR: 0.77; 95% CI: 0.73–0.81), regardless of the need for supplemental oxygen. Overall, a significant reduction
in time to discharge was observed until day 28 in patients treated with a full 5-day course of remdesivir compared to those in
the control arm (HR:1.19; 95% CI: 1.14–1.25).16 Mozaffari et al assessed the mortality of hospitalized patients treated with
remdesivir (n=28,855) versus matched patients not treated with remdesivir (n=16,687). Patients were matched based on
baseline O2, admission period, and not being discharged within 3 days of remdesivir start (excluding anticipated discharges
within 72 h, to remain consistent with the ACTT-1 trial), concomitant medication and other clinical and demographic
variables, among others. Patients treated with remdesivir had a significantly lower risk of mortality on both day 14
(HR:0.76, 95% CI:0.70–0.83, p<0.0001) and day 28 (HR:0.89, 95% CI:0.82–0.96, p=0.003) compared to patients who did
not receive remdesivir.68 A retrospective study using data from the SIMPLE-Severe study analyzed 312 patients that received
remdesivir and compared themwith 818 patients from a real-life retrospective longitudinal cohort of hospitalized patients who
did not receive remdesivir. The use of remdesivir was associated with significantly higher recovery and significantly lower
mortality.69 The recovery rate at day 14 was 74.4% and 59.0% in the remdesivir and SOC groups, respectively (adjusted OR:
2.03; 95% CI: 1.34–3.08; p < 0.001). The mortality rate over the same period was 7.6% and 12.5% in the remdesivir and SOC
groups, respectively (aOR: 0.38; 95% CI: 0.22–0.68; p = 0.001).69 This analysis was continued by Go et al with more
patients with COVID-19 who received remdesivir (n=1974) and patients with COVID-19 who were not treated with
remdesivir (n=1426). Treatment with remdesivir was associated with a statistically significant 54% lower risk of
mortality at 28 days compared to those not treated with remdesivir, regardless of the patient’s initial oxygen requirements
(HR: 0.46; 95% CI 0.39–0.54; p<0.001). Patients treated with a 10-day course of remdesivir had significantly less time to
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discharge at 28 days compared to those who did not receive remdesivir (HR:1.64, 95% CI:1.43–1.87, p<0.001). The time
to discharge was not significant for patients receiving invasive mechanical ventilation or ECMO at baseline (HR:0.92,
95% CI: 0.62–1.36, p=0.68).70 A recent retrospective study that analyze data obtained from 2344 US veterans
hospitalized with COVID-19 found no benefit of remdesivir in 30-day survival (HR: 1.06; 95% CI: 0.83–1.36) and an
increase in median time to hospital discharge compared with matched controls (6 days [IR: 4–12 days] vs 3 days [IR: 1–7
days]; p < 0.001).71 The conflicting results obtained by this last work compared to the ACTT-1 trial60 could be attributed
to the fact that patients with severe COVID-19 received remdesivir and finding more suitable matched controls was not
possible, skewing the results toward less severe COVID-19 patients.72

Official Recommendations
Several health organizations have developed recommendations regarding the use of remdesivir in COVID-19 patients.73–78

Most of the current recommendations developed for the use of remdesivir in COVID-19 were established during the initial
waves of the pandemic, when resources were scarce and administrative or pragmatic criteria took priority. Some of these
recommendations have been updated and are in line with the prevailing body of evidence. Table 2 summarizes some of those
recommendations.

Some government agencies have also issued regulations to indicate some directions to guide the utilization of
remdesivir when availability was not guaranteed and resources were limited during the first wave of the pandemic.79

Discussion
The first wave of the pandemic has taken an important toll in several countries, due to limited understanding of how to
manage a new disease and the lack of available effective treatments. In this regard, COVID-19 has represented a major
challenge in several respects, including finding drugs that can ameliorate disease progression in infected patients.
COVID-19 presents distinct stages that require different treatment approaches (Figure 1). Antivirals are designed to
inhibit some of the stages of the virus life cycle (Figure 2)80 in order to decrease the total viral load.20 Later in the
disease, and only in some cases as a consequence of a pathological immune system response, an exaggerated
inflammatory state takes place and immunomodulatory drugs like dexamethasone are recommended to control the
hyperinflammatory state, as shown in the RECOVERY trial.18 In severe cases, other treatments such as anticoagulants
are recommended to avoid the formation of potentially lethal thrombi.81 Nevertheless, this multistage pathology is
triggered by SARS-CoV-2, so administration of an antiviral, either alone or in combination with other treatments, is
always justified unless there is a pharmacological contraindication or the individual risk-benefit indicates the need for
a different approach.

To date, remdesivir is the only antiviral agent approved for COVID-19 treatment by the European Union.48 The
clinical benefits of remdesivir in the treatment of COVID-19 have been validated in various clinical trials.60,61 The results
demonstrated a reduction in disease progression, and a decline in mortality60,61 These results have been validated by the 2
SIMPLE randomized open-label clinical trials.58,59 In contrast, the Solidarity trial found that remdesivir did not show any
improvement in mortality - the primary endpoint (12.5% remdesivir vs 12.7% SOC) - and patients receiving remdesivir
were more likely to be hospitalized at day 7 (69%) that those receiving SOC (59%).27 The uncertainties generated in the
scientific community and in prescribing physicians by these apparently contradictory results merit an explanation.

These differences can be partly attributed to the design of the trials. First, ACTT-1 was a double-blind placebo-
controlled trial, while Solidarity was an open platform study. Patients in the ACTT-1 trial were discharged as soon as
possible,60 but in the Solidarity trial patients receiving remdesivir often stayed in the hospital to receive the full 10-day
course, thus increasing the risks inherent to prolonging hospital stay.27 Another difference is that the conditions in the
ACTT-1 trial were more homogenous than in the Solidarity trial. While in the ACTT-1 trial the comparator was
placebo,60 the control used in the Solidarity trial was the standard-of-care (SOC), which was highly variable and
depended on the region or hospital where the patient was treated. In addition, the recruitment period was longer,
implying that the SOC could differ during that period.27 Patient stratification criteria differed between the ACTT-1 and
Solidarity trials,27,60 and the confidence intervals for mortality were 95% and 99%, respectively.
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One limitation of the ACTT-1 trial is that the correlations between efficacy and the baseline ordinal scale score (as
a continuous variable) were obtained by a post hoc analysis of the data.60 Post hoc analyses, which ignore
randomization, have several limitations,82 but the findings could still be relevant and need to be confirmed in
subsequent trials where they are validated using the correct design. Recent data obtained from observational studies
in large cohorts of patients have validated the results obtained in ACCT-1 and SIMPLE,58–60 in terms of a reduction in

Table 2 Summary of Recommendations Regarding the Use of Remdesivir in COVID-19 Patients

Recommendation Grading1 Updated
On

ESCMID78 Conditional recommendation for use of RDV for COVID-19 in hospitalized

patients not requiring mechanical ventilation or ECMO.

QoE: Moderate Nov 4,

2021

IDSA73 In hospitalized patients with severe COVID-19, suggests RDV over no antiviral

treatment.

Conditional recommendation*,

Moderate certainty of evidence

Nov 18,

2021

In patients with COVID-19 on invasive ventilation and/or ECMO, suggests

against the routine initiation of RDV

Conditional recommendation*,

Very low certainty of evidence

In patients on supplemental O2 but not on mechanical ventilation or ECMO,

suggests treatment with 5 days of RDV rather than 10 days of RDV.

Conditional recommendation*,

Low certainty of evidence

In patients with COVID-19 admitted to the hospital without the need for

supplemental oxygen and oxygen saturation >94% on room air, the IDSA panel
suggests against the routine use of RDV.

Conditional recommendation*,

Very low certainty of evidence

NICE77 Consider RDV for up to 5 days for COVID-19 pneumonia in adults and young
people 12 years and over weighing 40 kg or more, in hospital and needing low-

flow supplemental oxygen.

Conditional recommendation* Dec 16,
2021

Do not use RDV for COVID-19 pneumonia in adults, young people, and children

in hospital and on high-flow nasal oxygen, continuous positive airway pressure,

non-invasive mechanical ventilation, or invasive mechanical ventilation, except as
part of a clinical trial.

Only in research settings

NIH74 For hospitalized patients who require minimal supplemental oxygen: recommend
RDV for 5 days or until hospital discharge.

BIIa Dec 16,
2021

For hospitalized patients who require increasing volumes of supplemental O2:
DEX + RDV.

BIIa

For hospitalized patients who require high-flow O2, non-invasive ventilation:
recommend RDV + DEX

BIII

For recently intubated patients, RDV+DEX may be considered. RDV alone is not
recommended

CIII

SEIMC75 Hospitalized low flow pts RDV recommended if low-flow O2 if required to keep
SpO2> 94%. Only in patients with symptoms ≤ 10 days. Early administration is

recommended. If viral replication persists in immunocompromised patients

consider repeated cycles.

NG Nov 5,
2021

WHO76 Suggests against administering RDV in addition to usual care for the treatment of

patients hospitalized with covid-19, regardless of disease severity

Weak or conditional Jul 7, 2021

Notes: 1A = Strong; B = Moderate; C = Optional; I= One or more randomized trials with clinical outcomes and/or validated laboratory endpoints; IIa=Other randomized
trials or subgroup analysis of randomized trials; II = One or more well-designed, non-randomized trials or observational cohort studies; III = Expert opinion; *Dependent on
disease severity and oxygen requirements.
Abbreviations, b, breaths; CS, corticosteroids; CT, clinical trials; DEX, dexamethasone; ECMO, extracorporeal membrane oxygenation; ECSMID, European Society of
Clinical Microbiology and Infectious Diseases; IDSA, Infectious Diseases Society of America; NG, not given; RDV, remdesivir; SEIMC, Spanish Society of Infectious Diseases
and Clinical Microbiology SpO2, O2 saturation; PaO2/FIO2, ratio of partial pressure arterial oxygen and fraction of inspired oxygen; QoE, quality of evidence; WHO, World
Health Organization.
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mortality.16,17,64–66,70 The results obtained by the NIH sponsored ACTT-1 trial60 prompted several international health
agencies to approve remdesivir for the treatment of COVID-19 and its temporary use in about 50 countries.73–76,79 The
results obtained by the PINETREE study and other observational studies16,60,61,68,69 expanded the population that
could benefit from remdesivir earlier in the disease course, possibly saving further costs due to the COVID-19
progression.

The resource burden placed on national health systems by the pandemic goes beyond direct COVID-19-related costs.
For instance, COVID-19 patients that require ICU admission have a mortality rate of 35.5% (31.3–39.9%)83 and are at
higher risk for presenting certain comorbidities, such as coagulation disorders. Patients in the ICU require more
personnel and resources than those on the general ward, and far more than outpatients. The use of remdesivir, when
indicated, would shorten hospital stays and reduce the risk of progression to the ICU, and therefore represents a saving in
staff hours and other resources. Other pathologies have been neglected during the pandemic, among them cancer and
chronic diseases, and patients with this condition may have a worst prognosis than before the pandemic and will require
more resources.

The available data show that each patient needs to be evaluated individually before starting remdesivir. This antiviral
is effective during viral replication, and it should be borne in mind that replication may be present at later stages of the
disease13,14 and has been also detected in autopsies.8 Therefore, the therapeutic window for the use of an antiviral should
be calculated based on the viral load and hyperactivation of the immune system.84 Viral load at diagnosis is not
associated with severity of disease,85 but persistent viral loads in respiratory and blood samples indicate a more severe
course.86 To sum up, there is a clear need to individualize the therapeutic window of remdesivir to ameliorate the disease
course of COVID-19 patients.

In the initial waves of the pandemic resources were scarce; therefore, administrative, or pragmatic criteria took precedence
over scientific evidence. This was when healthcare professionals and decision makers started to use “battlefield” terminology,
hospitals were overcrowded and understaffed, new ICUs were opened whenever and wherever possible, and healthcare
workers struggled to overcome an unknown enemy using all the resources available. Decisions were made under the pressure
of this state of emergency. The situation has gradually been brought under control, and it is time to reformulate the non-
evidence-based strategies that prevented patients from receiving the benefit of certain treatments that could have shortened
their stay and reduced the risk of progression to ICU.

Vaccines appear to be a game changer in this pandemic. But while distribution remains unequal between developed and
underdeveloped countries there is a risk for the development of SARS-CoV-2 variants like omicron containing vaccine-
resistant mutations in the spike protein that are targeted by vaccine-generated neutralizing antibodies. Remdesivir acts by
inhibiting the activity of RNA polymerase, a protein that is more conserved in different SARS-Cov-2 variants than the spike
protein,87 and where remdesivir has also shown inhibitory activity against variants.88 Investigation should focus on
improving the outcomes of existing viable antivirals and the discovery of new ones, as also update therapeutic strategies
for the management of patients with COVID-19. Several molecules89 and nAbs37 have been investigated for the treatment
of COVID-19 and the scientific community and society are awaiting the results.

Given the certainty that humanity will eventually have to face another pandemic, further research is needed to
improve the management of existing antivirals and discover new ones.
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