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Abstract

Continuous evaluation of real-world treatment effectiveness of COVID-19 medicines is required due to the ongoing evolution
of SARS-CoV-2 and the possible emergence of resistance. Therefore, this study aimed to analyze the outcomes in patients
hospitalized with COVID-19 during the pandemic waves dominated by Delta and Omicron variants and treated with remdesivir
(RDV) (n=762) in comparison to the demographically and clinically matched group not treated with any antivirals (n=1060).
During the Delta wave, the RDV-treated group revealed 2-fold lower mortality (10.8 vs. 23.2%, p<0.001) and 1.5-fold lower
during the Omicron-dominated period (11.4 vs. 16.8%, p=0.05). RDV-treated groups were characterized by a lower percentage
of patients requiring mechanical ventilation, but the difference was not statistically significant. This study is the first real-world
evidence that RDV remains effective during the dominance of more pathogenic SARS-CoV-2 variants and those that cause a
milder course of the disease and continues to be an essential element of COVID-19 therapy.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes Coronavirus disease 2019
(COVID-19), became known to the general public at the end of 2019 when it was first detected and identified
in Wuhan, China. Due to the rapid spread of the virus, the World Health Organization (WHO) first declared
a public health emergency of international concern at the end of January 2020, followed by the pandemic
declaration in mid-March 2020. At the same time, the scientific response to COVID-19 was unprecedented,
with a high volume of research focusing on viral biology, diagnostics, clinical aspects of infection, preventive
measures, and the development of vaccines and treatment options 1,2. Since developing novel drugs against
new viral diseases is time-consuming, the primary focus encompassed repurposed drugs 3,4. However, prior to
the COVID-19 pandemic, remdesivir (RDV), a non-canonical nucleotide, was developed as a broad-spectrum
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antiviral drug that terminates RNA replication through inhibition of the RNA-dependent RNA polymerase
of RNA viruses of several families, including Coronaviridae, Paramyxoviridae, and Filoviridae5,6. Based on
clinical evidence, RDV was authorized in June 2020 by European Medicine Agency to treat COVID-19 in
adults and adolescents (> 12 years with weight [?] 40 kg) who require oxygen therapy. It can also be used
in adults who do not require oxygen supplementation but represent a high-risk group for severe COVID-197.

Since RNA viruses are characterized by a very high mutation rate, SARS-CoV-2 is continuously subject
to adaptive evolution8. This results in the emergence of genetic variants that which WHO designates as
variants of concern (VOCs) and which, through a comparative evaluation, have been found to reveal one
or more of the following impacts at a degree of global public health significance: increased transmissibility,
increased virulence, or decreased effectiveness of preventive and treatment measures, including vaccines and
therapeutics 9. So far, five lineages have been classified as VOCs: Alpha (B.1.1.7), Beta (B.1.351), Gamma
(P.1), Delta (B.1.617.2), and Omicron (B.1.1.529). In Europe, three of them played a significant role in the
COVID-19 pandemic: (i) Alpha, which was active in the first quarter of 2021, (ii) Delta, which dominated
through June and December 2021 and (ii) Omicron, which has been a dominant lineage since early 2022 and
continues to evolve with numerous subvariants identified.

Due to accumulated nonsynonymous mutations, they have impacted, to a different degree, the effectiveness
of several therapeutics, particularly anti-spike monoclonal antibodies 10. However, antivirals that target
other SARS-COV-2 sites than spike protein, including RDV, are less prone to be subject to resistance11,12.
However, the evolution of SARS-CoV-2 has also led to a rise of mutations in the sequence encoding RNA-
dependent RNA polymerase, targeted by RDV 13. There is also experimental evidence that resistance to
RDV could emerge in clinical settings and under RDV-selective pressure 14. Moreover, the emergence of de
novo mutations of RDV resistance has been observed in treated immunocompromised patients 15,16. These
findings stress the continuous need to monitor and compare the effectiveness of RDV against various SARS-
CoV-2 variants. While there isin vitro evidence that RDV remains active against the Omicron variant at a
level comparable to that against the Delta variant, a confirmation of this in a clinical setting is scarce17,18.

This real-world study was designed to assess whether RDV treatment of patients hospitalized during the
period of dominance of the Omicron variant retained the efficacy achieved during the dominance of the
Delta variant. Therefore, during both periods of the COVID-19 pandemic, the clinical course and outcomes
of patients treated with RDV were compared with those not receiving any antiviral treatment.

2. Materials and Methods

2.1. Data Collection

The data for this study was retrospectively retrieved from the SARSTer, a nationwide database managed
by the Polish Association of Epidemiologists and Infectiologists, and used to collect observational data on
patients hospitalized since the beginning of the COVID-19 pandemic. The project involves 44 Polish centers
located in different regions of Poland.

The studied population was selected from the database of hospitalized adult patients infected with SARS-
CoV-2. It included 1822 patients hospitalized during the following pandemic periods: (i) from 1 August
2021 to 31 December 2021 (defined as Delta wave), and (ii) from 1 January 2022 to 30 April 2022 (defined
as Omicron wave). Of these, 762 were treated with remdesivir (RDV), and the control group (NO AVT)
included 1060 patients (680 during the Delta wave and 380 during the Omicron wave) who were not treated
with RDV and any other antiviral drug and were matched by age, sex, BMI, presence of any comorbidity, and
SpO2 at admission. According to the product characteristics and recommendations, RDV was administered
intravenously once daily for 5-10 days, with a loading dose of 200 mg on day 1, followed by a maintenance
dose of 100 mg to 762 patients (490 during the Delta wave and 272 during the Omicron wave) 19,20.

Similarly to previous research from SARSTer database21,22, two periods of variants dominance were estab-
lished based on sequences submitted by Polish laboratories according to the Global Initiative on Sharing
All Influenza Data (GISAID), the most reliable database on SARS-CoV-2 variants prevalence in different
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regions of the world 23. Infection of SARS-CoV-2 was diagnosed based on a positive polymerase chain reac-
tion or antigen test result, while management and treatment followed current national recommendations for
COVID-1919,20.

The patients’ demographic data included: age, sex, BMI, and comorbidities. The laboratory data assessed
at the baseline included: C-reactive protein (CRP), procalcitonin (PCT), white blood cell (WBC) count,
absolute number of lymphocytes (ALC), neutrophils (ANC) and platelets (PLT), interleukin-6 (IL-6), D-
dimer and alanine aminotransferase (ALT) activity. Upon admission to the hospital, patients were assigned
to one of the categories based on the presence of symptoms and oxygen saturation (SpO2) when breathing
room air: (1) asymptomatic, (2) stable symptomatic with SpO2>95, (3) unstable symptomatic with SpO2
91-95%, (4) unstable symptomatic with SpO2[?]90, and acute respiratory distress syndrome (ARDS). The
clinical course of the disease was assessed on admission to the hospital, and then after 7, 14, 21, and 28
days using an ordinal scale based on WHO recommendations, it was modified to the 8-point version to
match the specificity of the Polish healthcare system and used in previous SARSTer research 24,25. The
score was defined as follows: (1) not hospitalized, no activity restrictions; (2) not hospitalized, no activity
restrictions and/or not requiring oxygen supplementation at home; (3) hospitalized, and not requiring oxygen
supplementation and not requiring medical care; (4) hospitalized, not requiring oxygen supplementation,
but requiring medical care; (5) hospitalized, requiring normal oxygen supplementation; (6) hospitalized,
requiring non-invasive ventilation with high-flow oxygen equipment; (7) hospitalized, for invasive mechanical
ventilation or extracorporeal membrane oxygenation; (8) death. The collected data also included the use of
medications during hospitalization, such as antivirals, immunomodulators, antibiotics, and low-molecular-
weight heparin. Information on vaccination status and history of previous infections with SARS-CoV-2 was
unavailable in the database.

Study endpoints were defined as the need for oxygen therapy, the need for mechanical ventilation, and 28-day
mortality and were compared between studied cohorts.

The study was conducted according to the guidelines of the Declaration of Helsinki. The SARSTer study had
the approval of the Ethical Committee of the Medical University of Bia lystok (APK.002.303.2020). Patient
consent was waived due to the retrospective design of the study.

2.2. Statistical analysis

Statistical analyses were performed with Statistica v. 13 (StatSoft, Tulsa, OK, USA). Categorical data
were described by frequencies and percentages. Group comparisons were performed using Pearson’s χ2
test. Continuous data (age, BMI, time of oxygenation, age of patients who died, and laboratory markers)
were presented as means, standard deviations, and minimum and maximum values for some variables. The
Gaussian distribution was checked with the Shapiro–Wilk test. Differences between groups were assessed
using the Mann–Whitney test for continuous, non-normally distributed variables and a Student’s t-test for
variables with the Gaussian distribution. A p-value of less than 0.05 was considered statistically significant.

3. Results

3.1. Baseline patients’ characteristics

The number of patients analyzed during Delta predominance was 1170, of whom 490 received RDV treatment.
During the Omicron surge, the number of patients enrolled in the study was 652, of whom 272 were treated
with RDV. In both periods, a slight male predominance was observed. During the Omicron-dominated
period, patients treated with RDV had significantly lower BMI and higher age than the corresponding group
during the Delta wave (Table 1).

Table 1. Baseline characteristics of patients with COVID-19 hospitalized during Delta and Omicron waves
with regard to RDV treatment.
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Delta Delta Delta Omicron Omicron Omicron

p
(between
RDV-
treated
patients
in Delta
and
Omicron
wave)

RDV
(n=490)

NO AVT
(n=680)

p RDV
(n=272)

NO AVT
(n=380)

p

Gender.
fe-
males/males,
%

47.1 /52.9 46.5 / 53.5 >0.05 43.8 /56.3 48.4/51.6 >0.05 >0.05

Age
(years),
mean ±
SD

63.3 ±
17.1

65.1 ±
16.8

>0.05 70.6 ±
17.2

68.4 ±
18.8

>0.05 <0.001

BMI
(kg/m2),
mean ±
SD

28.7 ± 5.1 28.2 ± 5.1 >0.05 27.2 ± 5.9 27.0 ± 5.3 >0.05 <0.001

SpO2 89.0 (6.7) 88.1 (8.1) >0.05 91.7 (4.8) 91.6 (6.3) >0.05 <0.001
Comorbidities,
% (n)

Comorbidities,
% (n)

Comorbidities,
% (n)

Comorbidities,
% (n)

Comorbidities,
% (n)

Comorbidities,
% (n)

Comorbidities,
% (n)

Comorbidities,
% (n)

Any
Comorbidity

75.5 (370) 77,2 (525) >0.05 93 (253) 92,1 (350) >0.05 <0.001

Hypertension 53.1 (260) 50,9 (346) >0.05 60.7 (165) 52,9 (201) 0.049 0.04
Diabetes 21.4 (105) 19.7 (134) >0.05 25 (68) 25,3 (96) >0.05 >0.05
Stroke 3.1 (15) 6.2 (42) 0.015 12.5 (34) 9,5 (36) >0.05 <0.001
COPD 4.5 (22) 5.3 (36) >0.05 7.7 (21) 7,1 (27) >0.05 >0.05
Neoplastic
diseases

7.6 (37) 6.5 (44) >0.05 13.2 (36) 16,3 (62) >0.05 0.0106

Ischemic
heart
diseases

9.4 (46) 12.6 (86) >0.05 23.5 (64) 18,9 (72) >0.05 <0.001

Other
CVD

19.2 (94) 20.7 (141) >0.05 33.1 (90) 31,8 (121) >0.05 <0.001

Other res-
piratory
diseases

8.2 (40) 7.5 (51) >0.05 11.8 (32) 9,5 (36) >0.05 >0.05

Other
metabolic
diseases

10.6 (52) 11.3 (77) >0.05 16.2 (44) 13,7 (52) >0.05 0.03

Others 44.5 (218) 47.6 (324) >0.05 72.8 (198) 70,8 (269) >0.05 <0.001

Abbreviations: AVY, antiviral therapy; BMI, body mass index; COPD, chronic obstructive pulmonary
disease; CVD, chronic vascular disease; RDV, remdesivir; SD, standard deviation;

The largest RDV-treated group consisted of patients between 61 and 80 years of age, with those treated

4
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during the Delta variant predominance period being younger than Omicron variant-infected patients, who
were significantly more likely to be over 80 years of age (Figure 1).

Figure 1. The age structure of patients treated with remdesivir during Delta (n=490) and
Omicron (n=272) surges.

Comorbidities were significantly more frequently reported during the Omicron prevalence period (75.5 vs.
93%, p<0.001), and these patients significantly more often presented with vascular diseases such as stroke
(3.1 vs. 12.5%, p<0.001), ischemic heart disease (9.4 vs. 23.5%, p<0.001) (Table 1).

A comparison of the baseline clinical status of RDV-treated patients showed a significantly lower percentage
of asymptomatic or in stable condition with saturation >95% (12% vs. 27.9%, p<0.001) hospitalized during
the Delta-dominant period, while the percentage of patients in unstable condition with saturation [?]95% or
ARDS was significantly higher compared to the Omicron wave (87.9 vs. 72.1%, p<0.001) (Table 2).

Table 2. Baseline clinical status and laboratory parameters (mean ± SD) of patients hospitalized during
Delta and Omicron waves with regard to RDV treatment.

Delta Delta Delta Omicron Omicron Omicron

P
(between
RDV-
treated
patients
in Delta
and
Omicron
wave)

RDV
(n=490)

NO AVT
(n=680)

p RDV
(n=272)

NO AVT
(n=380)

p

CRP,
mg/L

82.5 ±
71.7

94.0 ±
84.5

>0.05 67.6 ±
67.6

69.9 ±78.9 >0.05 <0.001

PCT,
ng/mL

0.4 ± 1.3 1.1 ± 8.3 >0.05 0.9 ± 3.1 1.8 ± 9.2 >0.05 >0.05

5
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Delta Delta Delta Omicron Omicron Omicron

P
(between
RDV-
treated
patients
in Delta
and
Omicron
wave)

WBC, x
103/μl

7.0 ± 6.5 7.1 ±3.9 0.006 7.8 ± 8 8.0 ± 4.9 >0.05 0.003

Lymphocytes,
x 103/μl

1.4 ± 4.7 1.1 ±1.4 >0.05 1.3 ± 1.8 1.2 ± 1.5 >0.05 0.01

Neutrophils,
x 103/μl

5 ± 3.4 5.3 ± 3.2 0.008 5.5 ± 4.7 6.1 ± 6.0 >0.05 >0.05

Platelets,
x 103/μl

185.5 ±
79.5

213.0 ±
96.0

<0.001 202.4 ±
93.2

212.8 ±
101.5

0.04 0.006

IL-6,
pg/mL

102.9 ±
329.1

122.4 ±
383.1

>0.05 160.3 ±
611.8

218.2 ±
1399.5

0.006 >0.05

d-dimer,
ng/mL

1904.9 ±
5909.8

2165.4 ±
4917.6

0.004 2282.4 ±
4918.7

2809.6 ±
8179.5

>0.05 0.03

ALT,
IU/L

42.5 ±
40.6

47.8 ±
51.1

>0.05 34.9 ±
31.6

45.3 ±
96.3

>0.05 <0.001

Stable
symp-
tomatic,
SpO2 >95%
or
asymptomatic

12.0 (59) 14.3 (97) >0.05 27.9 (76) 34.7 (132) >0.05 <0.001

Unstable
symp-
tomatic,
SpO2 [?]95%
or ARDS

87.9 (431) 85.9 (579) >0.05 72.1 (196) 65.5 (248) >0.05 <0.001

Abbreviations: AVT, antiviral therapy; ALT, alanine aminotransferase; ARDS, acute respiratory distress
syndrome; CRP, C-reactive protein; IL-6, interleukin-6; PCT, procalcitonin; RDV, remdesivir; SD, standard
deviation; SpO2, saturation of peripheral oxygen; WBC, white blood cells.

Despite the lack of differences in baseline demographic and clinical characteristics in both waves of the
pandemic, patients treated with RDV during the Delta predominance period presented significantly lower
mean white blood cell, neutrophil, and platelet counts and D-dimer concentrations, while during the Omicron
predominance period, lower platelets and IL-6 levels compared to those not receiving antiviral treatment
(Table 2).

3.2. Remdesivir therapy and other drugs in RDV-treated patients

Almost three-quarters of patients from the RDV-treated group received the drug for 5 days in accordance
with the summary of product characteristics. RDV was administered for over 5 days in six patients who
were non-immunocompetent or had numerous risk factors for a severe course of the disease. The majority
of patients treated with RDV in both waves of the pandemic received the drug within the first 5 days of

6
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symptom onset, with the drug being switched on significantly faster in the Omicron wave, 3.5±2.2 days
compared to the Delta dominant period, 5.1±3.0 days, p<0.001 (Table 3).

Table 3. Remdesivir therapy and other drugs used in RDV-treated patients during Delta and Omicron
waves.

Parameters Delta, n=490 Omicron, n=272 P

Time between onset of
symptoms and start of
the antiviral treatment,
mean ± SD (min–max)

5.1 ± 3.0 (0-21) n=479 3.5 ± 2.2 (0-14) n=266 <0.001

Patient treated within
5 days of symptoms, %
(n)

57.2 (274 /479) 86.8 (231/266) <0.001

Patient treated within
3 days of symptoms, %
(n)

27.8 (133/479) 53.4 (142/266) <0.001

Immunomodulators, %
(n)

56.3 (276) 55.9 (152) >0.05

Tocilizumab 14.9 (73) 9.6 (26) 0.04
Dexamethason 49.6 (243) 54.4 (148) >0.05
Baricitinib 1.2 (6) 3.3 (9) 0.04
Antibiotics, % (n) 34.1 (167) 41.2 (112) 0.05
Low molecular weight
heparin in prophylactic
dose, % (n)

73.1 (358) 73.5 (200) >0.05

Low molecular weight
heparin in a
therapeutic dose, % (n)

16.9 (83) 23.5 (64) 0.03

Abbreviations: SD, standard deviation.

The percentage of patients starting treatment within five days of symptom onset was 57.2 and 86.8% in the
Delta and Omicron waves, respectively (p<0.001), and more than half of the patients in the Omicron surge
received therapy even within the first three days compared to 27.8% in the Delta period (p=0.001). Patients
treated with RDV in the Delta wave were significantly more likely to require tocilizumab (p=0.0357), while
dexamethasone was used in a comparative percentage of patients, and baricitinib, administered to single
patients, was significantly more common in the Omicron wave (p=0.0472). Low molecular weight heparin
at a prophylactic dose was used in a comparable percentage of patients in both waves, while the therapeutic
dose was significantly more frequently received by patients in the Omicron wave.

3.3. Clinical course and outcomes of the disease

3.3.1. Comparison between RDV and no AVT populations

Comparing RDV-treated patients to those who did not receive antiviral therapy in the Delta period, we
noted that antiviral therapy reduced hospitalization time in both waves of the pandemic (Figure 2).
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Figure 2. Ordinal scale categories at consecutive time points during Delta (D) and Omicron
(O) surges in all patients treated with remdesivir (A), in all patients treated with (RDV) or
without antiviral treatment (NO AVT) during Delta (B) and Omicron (C) surges.

Regardless of which variant of SARS-CoV-2 the patients were infected with, RDV therapy reduced the risk
of death (Figure 2, Table 4).

Table 4. Endpoints of hospitalized patients during Delta and Omicron waves with regard to RDV treatment.

Delta Delta Delta Omicron Omicron Omicron

RDV (n=490) NO AVT
(n=680)

P RDV (n=272) NO AVT
(n=380)

p

Need for
oxygen
therapy, %
(n)

75.9 (372) 77.1 (524) >0.05 59.6 (162) 50.3 (191) 0.01

Need for
mechanical
ventilation,
% (n)

7.8 (38) 9.4 (63) >0.05 2.2 (6) 4.0 (15) >0.05

Mortality, %
(n)

10.8 (53) 23.2 (158) <0.001 11.4 (31) 16.8 (64) 0.05

Age of
patients who
died (years),
mean ± SD
(min–max)

75.6 ± 13.9
(34-95)

76.5 ± 12.9
(30-99)

>0.05 77.7 ± 12.4
(37-95)

79.0 ± 14.2
(25-99)

>0.05
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Abbreviations: AVT, antiviral therapy; RDV, remdesivir; SD, standard deviation.

The population of patients treated with RDV in the Omicron wave significantly more often required oxygen
therapy during hospitalization compared to patients who did not receive antiviral therapy (p=0.01), the
opposite was true in the Delta wave, but the difference was not statistically significant (Table 4). There were
also no significant differences in the need for mechanical ventilation, although in both waves, the percentage
of patients requiring this management was lower among patients treated with RDV.

In both COVID-19 waves analyzed, the mortality rate of RDV-treated patients was significantly lower
compared to patients who did not receive the antiviral drug, with a difference of more than 2-fold in the
Delta wave and 1.5-fold in the Omicron wave.

3.3.2. Comparison of RDV-treated patients in both waves

The RDV-treated group during Delta and Omicron waves had comparable mortality and did not differ in
the age of deceased patients, but the former required mechanical ventilation more often (Table 4).

The mortality rate of patients treated with RDV with baseline saturation [?]95% analyzed by age showed
no difference between the two pandemic waves, while the need for mechanical ventilation was significantly
more frequent in the Delta period, both overall and in the group of patients older than 60 years (Table 5).

Table 5. Twenty-eight days mortality and the need for mechanical ventilation in patients treated with
remdesivir during periods of Delta and Omicron variant dominance analyzed in all patients, only those with
oxygen saturation [?]95%, including administration of Remdesivir within 5 days of symptom onset as well
as aged over 60 or 80 years.

Patients
subpopulations Mortality Mortality Mortality

Mechanical
ventilation

Mechanical
ventilation

Mechanical
ventilation

Delta Omicron p Delta Omicron p
All patients, %
(n/N)

10.8 (53/490) 11.4 (31/272) >0.05 7.8 (38/490) 2.2 (6/272) 0.002

SpO2[?]95%,
% (n/N)

11.8 (51/431) 14.3 (28/196) >0.05 7.9 (34/431) 3.1 (6/196) 0.02

SpO2[?]95%,
0-5 days, %
(n/N)

13.3
(31/233)

14.3
(23/161)

>0.05 7.7 (18/233) 2.5 (4/161) 0.03

SpO2[?]95%,
0-5 days, >60
years, % (n/N)

19.5 (30/154) 15.4 (22/143) >0.05 9.1 (14/154) 2.1 (3/143) 0.01

SpO2[?]95%,
0-5 days, >80
years, % (n/N)

35.3 (18/51 21.4 (12/56) >0.05 7.8 (4/51) 1.8 (1/56) >0.05

Abbreviations: SpO2, saturation of peripheral oxygen.

This RDV-treated population also showed that drug administration within the first 5 days of symptom onset
was associated with a significantly lower need for oxygen therapy in both waves compared to later initiation
of treatment, while there was no effect of the timing of drug administration on the need for mechanical
ventilation and mortality (Table 6).

Table 6. Endpoints considering the time of RDV treatment initiation - within 5 days of symptom onset
versus more than 5 days.
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Parameter Delta Delta Delta Omicron Omicron Omicron

[?]5 >5 P [?]5 >5 p
All
n 274 205 231 35
Mortality, %
(n)

13.5
(37/274)

7.8 (16/205) >0.05 10.8
(25/231)

14.3 (5/35) >0.05

Need for
oxygen
therapy, %
(n)

73 (200/274) 83.9
(172/205)

<0.001 56.7
(131/231)

77.1 (27/35) 0.0218

Time of
oxygen
therapy,
mean ± SD

8.4±9.4 10.1±8.7 >0.05 9.4±7.0 11.2±6.8 >0.05

Need for
mechanical
ventilation,
% (n)

8.8 (24/274) 6.8 (14/205) >0.05 1.7 (4/231) 5.7 (2/231) >0.05

> 60 years
n 172 110 182 29
Mortality, %
(n)

20.3 (35/172) 10 (11/110) >0.05 12.6 (23/ 182) 17.2 (5/29) >0.05

Need for
oxygen
therapy, %
(n)

79.1
(136/172)

27.3
(30/110)

>0.05 63.7
(116/182)

75.9 (22/29) >0.05

Time of
oxygen
therapy,
mean ± SD

9.6±9.9 10.7±9.1 >0.05 9.3±7 10.3±6.7 >0.05

Need for
mechanical
ventilation,
% (n)

9.9 (17/172) 7.3 (8/110) >0.05 1.6(3/182) 0 (0/29) >0.05

> 80 years
n 56 36 75 13
Mortality, %
(n)

33.9 (19/56) 16.7 (6/36) >0.05 16 (12/75) 30.8(4/13) >0.05

Need for
oxygen
therapy, %
(n)

89.3 (50/56) 83.3 (30/36) >0.05 62.7(47/75) 84.6(11/13) >0.05

Time of
oxygen
therapy,
mean ± SD

10.1±8.9 10.9±8.1 >0.05 8.4±5.6 11.7±7.4 >0.05

Need for
mechanical
ventilation,
% (n)

8.9 (5/56) 8.3 (3/36) >0.05 1.3 (1/75) 0 (0/13) >0.05

10
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Abbreviations: RDV, remdesivir; SD, standard deviation.

Analyzing the effect of initiating RDV therapy with respect to the age of patients in the groups> 60 and >
80 years, no differences in the need for oxygen therapy, mechanical ventilation, or mortality were documented
in the two waves between patients who received the drug within 5 days and those who started treatment
more than 5 days after the onset of symptoms.

A comparison of patients treated with RDV in both waves of the pandemic showed that, at baseline and
subsequent time points, patients infected with the Delta variant required oxygen supplementation or non-
invasive ventilation more frequently, while patients admitted to the hospital during the Omicron wave were
hospitalized for a shorter period. However, after hospital discharge, Omicron-infected patients were more
likely to report activity limitations (20.8 vs. 45.6% on day 28) (Figure 2).

4. Discussion

RDV was the first antiviral drug evidenced to inhibit SARS-CoV-2 replication and receive an emergency use
authorization, followed by registration for the treatment of patients with COVID-19. Its use was supported
by the results of randomized clinical trials proving the clinical improvement, shortening the recovery time
and mortality rate in patients with mild to moderate course of infection26,27. Identifying highly infectious
Omicron in late 2021 raised concerns about its impact on the pandemic dynamics and the effectiveness of the
vaccines and COVID-19-approved therapies28,29,30. Based on literature reports of reduced activity of some
monoclonal antibodies against this new lineage, some regulatory institutions, e.g., U.S. FDA, limited their
distribution 31. At the same time, the available data indicated that antiviral drugs used in previous waves
of the pandemic, including RDV, shall remain active against the new SARS-CoV-2 variant32. However, such
assumptions require direct evidence from clinical practice. Therefore, this real-world (RWE) study aimed to
assess the effectiveness of RDV in a large cohort of Polish patients hospitalized with COVID-19 during the
surges of two SARS-CoV-2 VOC, Delta, and Omicron.

As shown, under the dominance of both viral variants, RDV-treated patients were characterized by lower
mortality than a group not treated with any antivirals – despite that these groups were comparable by de-
mographical and clinical parameters. During the Delta wave, the RDV-treated group revealed two-fold lower
mortality. This finding clearly shows the benefits of RDV use during the dominance of this highly pathogenic
SARS-CoV-2 variant 33. However, the mortality in RDV-treated patients was also reduced, approximately
1.5-fold, in the Omicron wave, which was generally characterized by a milder course of infections 21,22,34–36.

These observations are consistent with the results from clinical trials and RWE studies conducted in the
early phases of the COVID-19 pandemic27,37–39. A retrospective analysis of a large U.S. patient cohort
of nearly 100,000 patients hospitalized till February 2021 also confirmed a reduction in mortality in the
overall population treated with RDV in absolute numbers (15.7 vs. 19.6%), but highlighted a significant
difference only in patients who required low-flow oxygen therapy 40. Another study, encompassing patients
hospitalized till March 2021, indicated a statistically reduced mortality in women 41. The study conducted in
the Netherlands indicated that RDV use was associated with better outcomes during four pandemic waves,
but the analysis did not cover the dominance of the Omicron variant 42. To our knowledge, the present
investigation is the first to address it in a real-world clinical setting.

Although the RDV-treated group was characterized by a lower percentage of patients requiring mechanical
ventilation during both pandemic waves, the difference with a group not receiving any antiviral therapy was
statistically insignificant. Nevertheless, the demonstration of a favorable trend in this regard is in line with
reports by other authors43,44. Even the Solidarity trial, the initial results of which were the basis for not
recommending RDV in the WHO guidelines, in the final report published in 2022 documented a significant
beneficial effect on reducing mortality and disease progression requiring mechanical ventilation 45.

This analysis also shows that patients hospitalized due to COVID-19 during the Omicron wave were signifi-
cantly older and more burdened with comorbidities, especially hypertension, ischemic heart disease, stroke,
and neoplastic diseases. The clinical condition of those admitted to the hospital during the Delta wave was

11
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more severe, as expressed in a significantly higher percentage of clinically unstable patients with oxygen
saturation [?]95%. However, surprisingly, despite the more severe clinical condition, patients infected with
Delta started antiviral therapy with RDV statistically later than patients infected with the Omicron variant.
This could be due to the healthcare system being more overwhelmed during the Delta-dominated wave,
delayed admission of patients to the hospital, and shortages of medicines, including RDV. The other possible
explanation is related to the older age and higher comorbidity burden of patients infected with the Omicron
variant. Some of these patients could be admitted to the hospital for reasons other than COVID-19, under-
went a routine SARS-CoV-2 diagnostics during admission, tested positive on PCR or antigen test, and were
immediately treated with RDV. Such phenomenon during the dominance of the Omicron variant has already
been noticed in the United States46. In the current study, more than half of the Omicron-infected patients
received RDV therapy within 3 days of the onset of symptoms, compared to nearly 28% in the Delta wave,
and initiation of therapy within the first 5 days was documented in 87% and 57% of patients, respectively.
Early drug administration has an impact on its effectiveness, which has been documented in clinical trials
and numerous RWE analyses 27,37,41,47,48. According to national recommendations, the optimal time to start
RDV therapy is the first 5 days; however, data from clinical trials indicate the effectiveness of treatment
started up to 10 days from the onset of symptoms 20,27. In this study, several patients started treatment
with RDV even later than 5 days after the first symptoms. These were immunocompromised patients and
those burdened with many risk factors for severe COVID-19, which justified such a decision by the attending
physician 49.

Study limitations should be stressed. Firstly, the viral sequencing in hospitalized patients was not performed.
However, the subdivision of Delta and Omicron-dominated periods was conducted based on reliable data
deposited in GISAID. Secondly, the study did not include the immunization status of patients due to the
unavailability of such data. Since the immunization status is the result of both COVID-19 and vaccination,
the history of infection, serological markers indicating previous contact with the virus, as well as the number
of vaccine doses would need to be taken into account, introducing further challenges to the analysis. With
so many confounding factors, a simple distinction between vaccinated and unvaccinated individuals would
not be reliable. Thirdly, in some patients, especially during the Omicron wave, the diagnosis of COVID-19
could have been accidental due to the routine testing procedures of all patients admitted to the hospital.
Fourth, the impact of other variables, such as the effectiveness of the health care system and environmental
factors, including air pollution, which may have influenced patient mortality, was not analyzed50. Lastly, the
potential bias resulting from retrospective data collection based on medical records should be highlighted.

The main strength of this study is including and analyzing the data from a large real-world population from
many different centers in our country, which ensures nationwide coverage and allows the generalization of
conclusions. Patients were managed according to the same national recommendations, and detailed medical
records were available for each patient and information up to 28 days after admission unless death occurred
earlier. In addition, to our knowledge, this is the first study that documents the effectiveness of RDV against
the Omicron variant in a clinical setting and compares it with the period dominated by Delta SARS-CoV-2.

Conclusions

The present study shows that RDV remained an effective treatment of COVID-19 during Delta and Omicron
SARS-CoV-2 waves. Under the dominance of both viral lineages, the mortality of hospitalized patients
treated with RDV was significantly lower than in those who did not receive any antiviral treatment, despite
the fact that these groups did not differ in demographic and clinical characteristics. Despite the milder
course of infections caused by the Omicron variant, RDV continues to be an important element of COVID-
19 therapy.
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2. Nowakowska J, Sobocińska J, Lewicki M, Lemańska Ż, Rzymski P. When science goes viral: The research
response during three months of the COVID-19 outbreak. Biomed Pharmacother . 2020;129(110451):110451.

3. Rahmah L, Abarikwu SO, Arero AG, et al. Oral antiviral treatments for COVID-19: opportunities and
challenges. Pharmacological Reports . Published online 2022. doi:10.1007/s43440-022-00388-7

4. Cusinato J, Cau Y, Calvani AM, Mori M. Repurposing drugs for the management of COVID-19. Expert
Opin Ther Pat . 2021;31(4):295-307.

5. Eastman RT, Roth JS, Brimacombe KR, et al. Remdesivir: A review of its discovery and development
leading to emergency use authorization for treatment of COVID-19. ACS Cent Sci . 2020;6(5):672-683.

6. Cho A, Saunders OL, Butler T, et al. Synthesis and antiviral activity of a series of 1’-substituted
4-aza-7,9-dideazaadenosine C-nucleosides.Bioorg Med Chem Lett . 2012;22(8):2705-2707.

7. EMA. Veklury. European Medicines Agency. Published June 23, 2020. Accessed January 22, 2023.
https://www.ema.europa.eu/en/medicines/human/EPAR/veklury

8. Peck KM, Lauring AS. Complexities of viral mutation rates. J Virol . 2018;92(14).
doi:10.1128/JVI.01031-17

9. Tracking SARS-CoV-2 variants. Accessed January 22, 2023. https://www.who.int/activities/tracking-
SARS-CoV-2-variants

10. O’Horo JC, Challener DW, Speicher L, et al. Effectiveness of monoclonal antibodies in preventing severe
COVID-19 with emergence of the delta variant. Mayo Clin Proc . 2022;97(2):327-332.

11. Dryden-Peterson S, Kim A, Kim AY, et al. Nirmatrelvir plus ritonavir for early COVID-19 in a large
U.s. health system : A population-based cohort study. Ann Intern Med . 2023;176(1):77-84.

12. Focosi D, Maggi F, McConnell S, Casadevall A. Very low levels of remdesivir resistance in SARS-
COV-2 genomes after 18 months of massive usage during the COVID19 pandemic: A GISAID exploratory
analysis.Antiviral Res . 2022;198(105247):105247.

13. Wiegand T, Nemudryi A, Nemudraia A, et al. The rise and fall of SARS-CoV-2 variants and ongoing
diversification of Omicron.Viruses . 2022;14(9):2009.

14. Stevens LJ, Pruijssers AJ, Lee HW, et al. Mutations in the SARS-CoV-2 RNA-dependent RNA poly-
merase confer resistance to remdesivir by distinct mechanisms. Sci Transl Med . 2022;14(656):eabo0718.

15. Gandhi S, Klein J, Robertson AJ, et al. De novo emergence of a remdesivir resistance mutation
during treatment of persistent SARS-CoV-2 infection in an immunocompromised patient: a case report. Nat
Commun . 2022;13(1):1547.

16. Hogan JI, Duerr R, Dimartino D, et al. Remdesivir resistance in transplant recipients with persistent
Coronavirus disease 2019.Clin Infect Dis . 2023;76(2):342-345.

17. Vangeel L, Chiu W, De Jonghe S, et al. Remdesivir, Molnupiravir and Nirmatrelvir remain active against
SARS-CoV-2 Omicron and other variants of concern. Antiviral Res . 2022;198(105252):105252.

18. Pitts J, Li J, Perry JK, et al. Remdesivir and GS-441524 retain antiviral activity against delta, Omicron,
and other emergent SARS-CoV-2 variants. Antimicrob Agents Chemother . 2022;66(6):e0022222.

19. Flisiak R, Horban A, Jaroszewicz J, et al. Diagnosis and therapy of SARS-CoV-2 infection: recommen-
dations of the Polish Association of Epidemiologists and Infectiologists as of November 12, 2021. Annex no.
1 to the Recommendations of April 26, 2021. Pol Arch Intern Med . 2021;131(11). doi:10.20452/pamw.16140

13



P
os

te
d

on
30

J
an

20
23

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
67

50
81

90
.0

07
89

60
1/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

20. Flisiak R, Horban A, Jaroszewicz J, et al. Management of SARS-CoV-2 infection: recommendations of
the Polish Association of Epidemiologists and Infectiologists as of February 23, 2022. Pol Arch Intern Med
. 2022;132(3). doi:10.20452/pamw.16230

21. Flisiak R, Rzymski P, Zarebska-Michaluk D, et al. Variability in the clinical course of COVID-19 in a
retrospective analysis of a large real-world database. Viruses . 2023;15(1):149.

22. Dobrowolska K, Brzdek M, Zarebska-Michaluk D, et al. Differences between the course of SARS-CoV-2
infections in the periods of the Delta and Omicron variants dominance in Poland. Pol Arch Intern Med .
Published online January 5, 2023. doi:10.20452/pamw.16403

23. Genomic Epidemiology of SARS-CoV-2 with Subsampling Focused on Europe Since Pandemic Start.
Nextstrain. Accessed January 22, 2023. https://nextstrain.org/ncov/gisaid/europe/

24. Zarebska-Michaluk D, Jaroszewicz J, Rogalska M, et al. Effectiveness of tocilizumab with and without
dexamethasone in patients with severe COVID-19: A retrospective study. J Inflamm Res . 2021;14:3359-
3366.

25. Flisiak R, Zarebska-Michaluk D, Rogalska M, et al. Real-world experience with molnupiravir during the
period of SARS-CoV-2 Omicron variant dominance. Pharmacol Rep . 2022;74(6):1279-1285.

26. Spinner CD, Gottlieb RL, Criner GJ, et al. Effect of remdesivir vs standard care on clinical status at 11
days in patients with moderate COVID-19: A randomized clinical trial. JAMA . 2020;324(11):1048-1057.

27. Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir for the treatment of Covid-19 - final report. N
Engl J Med . 2020;383(19):1813-1826.

28. Rzymski P, Kasianchuk N, Sikora D, Poniedzia lek B. COVID-19 vaccinations and rates of infections,
hospitalizations, ICU admissions, and deaths in Europe during SARS-CoV-2 Omicron wave in the first
quarter of 2022. J Med Virol . Published online September 6, 2022. doi:10.1002/jmv.28131

29. Viana R, Moyo S, Amoako DG, et al. Rapid epidemic expansion of the SARS-CoV-2 Omicron variant
in southern Africa. Nature . 2022;603(7902):679-686.

30. Ao D, Lan T, He X, et al. SARS-CoV-2 Omicron variant: Immune escape and vaccine development.
MedComm . 2022;3(1):e126.

31. Planas D, Saunders N, Maes P, et al. Considerable escape of SARS-CoV-2 Omicron to antibody
neutralization. Nature . 2022;602(7898):671-675.

32. Dabrowska A, Szczepanski A, Botwina P, et al. Efficacy of antiviral drugs against the omicron variant
of SARS-CoV-2. bioRxiv . Published online December 23, 2021. doi:10.1101/2021.12.21.473268

33. Saito A, Irie T, Suzuki R, et al. Enhanced fusogenicity and pathogenicity of SARS-CoV-2 Delta P681R
mutation. Nature . 2022;602(7896):300-306.

34. Auvigne V, Vaux S, Strat YL, et al. Severe hospital events following symptomatic infection with Sars-
CoV-2 Omicron and Delta variants in France, December 2021-January 2022: A retrospective, population-
based, matched cohort study. EClinicalMedicine . 2022;48(101455):101455.

35. Lauring AS, Tenforde MW, Chappell JD, et al. Clinical severity of, and effectiveness of mRNA vaccines
against, covid-19 from omicron, delta, and alpha SARS-CoV-2 variants in the United States: prospective
observational study. BMJ . 2022;376:e069761.

36. Van Goethem N, Chung PYJ, Meurisse M, et al. Clinical severity of SARS-CoV-2 Omicron variant
compared with Delta among hospitalized COVID-19 patients in Belgium during autumn and winter season
2021-2022.Viruses . 2022;14(6):1297.

37. Russo P, Tacconelli E, Olimpieri PP, et al. Mortality in SARS-CoV-2 hospitalized patients treated with
remdesivir: A nationwide, registry-based study in Italy. Viruses . 2022;14(6):1197.

14



P
os

te
d

on
30

J
an

20
23

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
67

50
81

90
.0

07
89

60
1/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

38. Chokkalingam AP, Hayden J, Goldman JD, et al. Association of remdesivir treatment with mortality
among hospitalized adults with COVID-19 in the United States. JAMA Netw Open . 2022;5(12):e2244505.

39. Lakhanpal M, Sarkar D, Kumar R, Yadav I. Reduction in the rate of mortality of moderate to se-
vere COVID 19 infected patients with the use of remdesivir - A tertiary care hospital-based retrospective
observational study. Anesth Essays Res . 2022;16(3):296-300.

40. Garibaldi BT, Wang K, Robinson ML, et al. Real-world effectiveness of remdesivir in adults hospitalized
with Coronavirus disease 2019 (COVID-19): A retrospective, multicenter comparative effectiveness study.
Clin Infect Dis . 2022;75(1):e516-e524.

41. Karolyi M, Kaltenegger L, Pawelka E, et al. Early administration of remdesivir may reduce mortal-
ity in hospitalized COVID-19 patients : A propensity score matched analysis. Wien Klin Wochenschr .
2022;134(23-24):883-891.

42. Slim MA, Appelman B, Peters-Sengers H, et al. Real-world evidence of the effects of novel treatments
for COVID-19 on mortality: A nationwide comparative cohort study of hospitalized patients in the first,
second, third, and fourth waves in the Netherlands. Open Forum Infect Dis . 2022;9(12):ofac632.

43. Beckerman R, Gori A, Jeyakumar S, et al. Remdesivir for the treatment of patients hospitalized
with COVID-19 receiving supplemental oxygen: a targeted literature review and meta-analysis. Sci Rep .
2022;12(1):9622.

44. Ali K, Azher T, Baqi M, et al. Remdesivir for the treatment of patients in hospital with COVID-19 in
Canada: a randomized controlled trial. CMAJ . 2022;194(7):E242-E251.

45. WHO Solidarity Trial Consortium. Remdesivir and three other drugs for hospitalised patients with
COVID-19: final results of the WHO Solidarity randomised trial and updated meta-analyses. Lancet .
2022;399(10339):1941-1953.

46. Adjei S, Hong K, Molinari NAM, et al. Mortality risk among patients hospitalized primarily for COVID-
19 during the Omicron and Delta variant pandemic periods - United States, April 2020-June 2022. MMWR
Morb Mortal Wkly Rep . 2022;71(37):1182-1189.

47. Hussain Alsayed HA, Saheb Sharif-Askari F, Saheb Sharif-Askari N, Hussain AAS, Hamid Q, Halwani
R. Early administration of remdesivir to COVID-19 patients associates with higher recovery rate and lower
need for ICU admission: A retrospective cohort study. PLoS One . 2021;16(10):e0258643.

48. Tsuzuki S, Hayakawa K, Uemura Y, et al. Effectiveness of remdesivir in hospitalized nonsevere patients
with COVID-19 in Japan: A large observational study using the COVID-19 Registry Japan. Int J Infect
Dis . 2022;118:119-125.

49. Jaroszewicz J, Kowalska J, Paw lowska M, et al. Remdesivir decreases mortality in COVID-19 patients
with active malignancy. Cancers (Basel) . 2022;14(19):4720.
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