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SUMMARY
Background: Remdesivir (REM) has shown potent antiviral activity in vitro and efficacy in animal models of
COVID-19; nevertheless, clinical trials and real-life reports have shown conflicting data on its effectiveness.
Aims of the study were to evaluate the impact of remdesivir on I) Intensive Care Unit (ICU) admission, II)
need for orotracheal intubation (OTI) and III) in-hospital mortality. Furthermore, we estimated the kinetics
of laboratory parameters and assessed the risk factors
for in-hospital mortality in the remdesivir population.
Methods: We conducted a retrospective, single-center,
case-control (1:1) study including hospitalized patients
with confirmed SARS-CoV-2 infection. Cases were patients treated with remdesivir for 5 days, controls were
patients not receiving remdesivir.
Results: A total of 192 patients (96 cases and 96 controls)
were included in the study. Patients receiving remdesivir had a lower rate of ICU admission and need for

n INTRODUCTION

T

he novel coronavirus disease 2019 (COVID-19)
pandemic, caused by a newly emerging severe
acute respiratory syndrome coronavirus 2 (SARSCoV-2) is still ongoing and has become a global
health crisis [1]. Up to February 8 2022, almost
400 million people have been infected worldwide
with more than 5.7 million deaths [2] . At the time
of writing, few vaccines have been approved and
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OTI than controls, whereas no difference between cases and controls were observed as for mortality rate.
However, at multivariable analysis remdesivir was not
associated with ICU admission neither with OTI. Instead, presence of haematological malignancies, lower duration of symptoms, higher severity of infection
and low lymphocytes count at admission were independently associated with in-hospital mortality. In patients treated with remdesivir a low albumin value and
duration of lymphopenia were significantly associated
with mortality.
Conclusions: Our real-life study showed that therapy
with remdesivir did not have impact on either ICU admission, need for OTI or in-hospital mortality.
Keywords: COVID-19, remdesivir, antiviral therapy,
lymphopenia, real-life study.

there is still no effective antiviral treatment for
SARS-CoV-2 [3].
In the current health emergency, several therapeutic agents have been evaluated for the prevention
and treatment of COVID-19, but the definition
of an efficacious drug remains still challenging.
Remdesivir (GS-5734) is a nucleotide analogue
prodrug that inhibits viral RNA-dependent RNA
polymerase which was firstly developed to treat
Ebola and further demonstrated an in-vitro inhibitory activity against coronaviruses, including also
SARS-CoV-2 [4-7]. Furthermore, in-vivo study on
SARS-CoV-2 infected macaques found that an
early remdesivir (REM) treatment reduced clinical disease and damage to the lungs [8].
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Based on these findings, REM has been proposed
as a promising option for treating hospitalized
patients and, afterwards, it was the first antiviral
drug approved from the FDA for the treatment
of COVID19 [9]. Nevertheless, clinical trials have
shown conflicting data on its effectiveness. The
World Health Organization (WHO) SOLIDARITY therapeutics trial, the largest published RCT
of REM so far, showed little or no effect on hospitalized patients with COVID-19 compared with
standard of care [10]. Instead, the second major
RCT of REM ACTT-1, sponsored by the National
Institutes of Health (NIH), found a lower time to
recovery compared with placebo-controls [11].
Still, in order to predict REM effectiveness and
safety in daily clinical practice, it is important to
complement the results from RCTs with an evaluation of their transferability to a real-life setting.
Also in these settings, the data are conflicting,
even if few studies have been published so far
[12-16].
Aim of the study was to evaluate the effect of
REM-containing regimens on I) Intensive Care
Unit (ICU) admission, II) need for orotracheal
intubation (OTI) and III) in-hospital mortality in
patients infected with SARS-CoV-2. Furthermore,
we estimated the kinetics of several laboratory
parameters during hospitalization and assessed
the risk factors of in-hospital mortality only in patients treated with REM.
n PATIENTS AND METHODS
Over an 8-month period (May-December 2020),
we conducted a single-center, retrospective,
case-control (1:1) study including hospitalized
patients with confirmed SARS-CoV-2 infection
by polymerase-chain-reaction assay, at Policlinico
Umberto I, Sapienza University of Rome. Cases
were patients treated with REM-based regimens,
controls were patients not receiving REM-based
regimens. During the study period, the most common viral variant Italy, was the wild type genome
Wuhan-Hu-1 [17].
REM-containing regimens included REM plus
at least one of the followings: steroids, enoxaparin, azithromycin, hydroxychloroquine and
tocilizumab; whereas controls included regimens
containing at least one of the followings: steroids, enoxaparin, azithromycin, hydroxychloroquine and tocilizumab. Cases and controls were

matched for age (10-year interval), sex, duration
of symptoms before hospitalization (days) and
severity of infection at hospital admission (expressed by PaO2/FiO2). Following the national
guidelines available at the time, REM was used
in patients with radiologic evidence of pneumonia and oxygen support [18]. In detail, REM was
used in patients hospitalized from October 2020,
when the drug started to be available in our hospital. Controls were patients that met the exclusion criteria for REM or that were hospitalized
before October 2020. Exclusion criteria for REM
use included alanine aminotransferase (ALT) or
aspartate aminotransferase (AST) levels greater
than 5 times the upper limit of the normal range,
estimated creatinine clearance less than 30 ml per
minute (by the Cockcroft–Gault formula) or duration of symptoms more than 10 days. According
to local protocol, all the case-patients received 200
mg of REM on day 1 as loading dose, followed
by 100 mg once daily for the subsequent 4 days
as maintenance dose, for a total of 5 days of treatment. For each patient, laboratory, clinical and
radiological data at admission and during hospitalization, as well as treatment data and SARSCoV-2 RNA time of detection, were collected and
recorded anonymously in an electronic database.
As for treatment data, the use of steroids or tocilizumab was based on clinical judgement and on
the national and local guidelines available at that
time. Moreover, the use of tocilizumab was also
based on drug availability in our hospital at that
time. To explore the effect of REM-based regimens
on our study population, we collected three major
outcomes: ICU admission, the need for OTI and
in-hospital mortality.
Furthermore, to investigate the characteristics
and outcomes of the whole REM-population during the hospitalization, we systematically collected laboratory analyses, and respiratory features
at days 0 (before REM), 6 and 10 after first REM
dose, respectively.
The study was approved by the local Ethics Committee (ID Prot. 109/2020).
Statistical analysis
The data were given as medians with interquartile ranges (IQR, 25th-75th percentile) for continuous variables and as simple frequencies, proportions, and percentages for categorical variables. Mann–Whitney test was used for unpaired
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samples. Dichotomous variables were compared
using Fisher’s exact tests or chi-square test statistics, as appropriate. Differences in laboratory
parameters over time (d0-d6-d10) were evaluated
by Wilcoxon test. For lymphopenia, an absolute
count of 725 cells/mmc was used, according to
previous reports [19]. Log-rank test and univariate Cox regression were used for categorical or
continuous variables, respectively. Multivariable
Cox regression model was performed to tease out
the independent predictors of in-hospital mortality whereas the need for OTI and ICU admission
were evaluated with univariable and multivariable logistic regression. Spearman correlation analyses between duration of corticosteroids (days)
and duration of viral shedding (days) as well as
duration of viral shedding (days) and duration of
symptoms were also performed. P-value analyses
were two-sided and a p-value of less than 0.05
was considered statistically significant. All statistical analyses were performed with SATA/IC
software (StataCorp) version 15.
n RESULTS
Case-control study population
In the study period, we included a total of 109
patients treated with REM and systematically followed up at days 0-6 and 10. Amongst the
whole REM population, 13 patients were further
excluded due to the absence of matched controls
(Figure 1). Therefore, a total of 192 patients (96
cases, 96 controls) were studied, 58 females and

Figure 1 - Flow-chart of the study population.

134 males with a median age of 64 years (56-72).
Demographic and clinical characteristics of the
study population are shown in Table 1. The median PaO2/FiO2 at admission was 279 (211-336.5)
while the median duration from symptoms onset
to hospitalization was 6 days (3-8).
No differences between cases and controls were
observed regarding age, sex, severity of infection (expressed by PaO2/FiO2) and duration of
symptoms before hospitalization, reflecting the
adequacy of the match. Cases had lower levels
of D-dimer than controls [579.5 (382.2-1175.5) vs
965 (608-1939) µg/L, p: 0.002] and higher platelet
count [213 (165-290) vs 197 (162-242) x10^9/L, p:
0.04]. Types of symptoms were similar, with the
exception of headache (17% vs 1% in cases and
controls, p: 0.001, respectively).
With regard to therapy, in the REM-containing
group 93 patients (97%) received also steroids, 74
(77%) azithromycin, 95 (99%) enoxaparin and only
1 (1%) tocilizumab, while in the control group 31
(32%) patients received steroids, 44 (46%) azithromycin, 74 (77%) hydroxychloroquine, 40 (42%)
tocilizumab and 71 (74%) enoxaparin (Table 1).
Patients receiving REM-containing regimens had
a lower rate of ICU admission than controls (6.2%
vs 20.8%, p: 0.003). Univariate analyses showed
that male sex, higher severity of infection, low
lymphocytes, high C-reactive protein (CRP) and
the presence of haematological malignancies
were associated with ICU admission whereas receiving REM was protective. Since corticosteroids
use showed a trend on lower rate of ICU admis-
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Table 1 - Demographic and clinical characteristics of the study population.
Total

REM
(n=96)

NO-REM
(n=96)

p -value

64 (56-72)

64 (56-72)

64 (56-72)

0.797

58/134

29/67

29/67

1.0

Hypertension

88 (45.8)

47 (49)

41 (42.7)

0.472

Cardiac arrhythmias

14 (7.3)

8 (8.3)

6 (6.2)

0.565

Diabetes

29 (15)

10 (10.4)

19 (19.8)

0.074

Coronary artery disease

18 (9.4)

7 (7.3)

11 (11.4)

0.321

Characteristics
Demographics
Age, years, median (IQR) †
Gender, F/M

†

Comorbidities, n. (%)

Heart failure

16 (8.3)

8 (8.3)

8 (8.3)

0.804

Cerebrovascular disease

12 (6.2)

6 (6.2)

6 (6.2)

0.77

Chronic Obstructive Pulmonary Disease

19 (9.9)

6 (6.2)

13 (13.5)

0.086

7 (3.6)

3 (3.1)

4 (4.2)

0.711

Obesity (BMI>30)

Asthma

22 (11.4)

16 (16.6)

6 (6.2)

0.013

Dyslipidemia

32 (16.6)

21 (21.9)

11 (11.4)

0.289

Lymphoma/leukaemia

10 (5.2)

5 (5.2)

5 (5.2)

0.9

Cancer, ‡

15 (7.8)

7 (7.3)

8 (8.3)

0.983

Clinical features, n. (%)
Fever

169 (88)

84 (87.5)

85 (88.5)

0.267

Cough

89 (46.3)

37 (38.5)

52 (54.2)

0.052

Dyspnoea

106 (55.2)

50 (52.1)

56 (58.3)

0.724

Fatigue

37 (19.3)

14 (14.6)

23 (24)

0.547

Dysgeusia/anosmia

26 (13.5)

17 (17.7)

9 (9.4)

0.183

Diarrhoea

26 (13.5)

15 (15.6)

11 (11.4)

0.382

Headache

18 (9.4)

17 (17.7)

1 (1)

0.001

Days from symptoms onset to hospitalization,
median (IQR) †

6 (3-8)

6 (4-7.5)

6,9 (2.8-9.6)

0.399

Laboratory findings at the admission, median (IQR)
WBC, x 10^6/L

6765 (4832.5-9052.5)

7070 (5250-9015)

6055 (4757.5-9070)

0.377

PMN, x 10^6/L

4945 (3333-7672,5)

5450 (3655-7610)

4620 (3250-7750)

0.606

LYM, x 10^6/L

870 (650-1185)

885 (705-1205)

820 (565-1180)

0.862

PMN/LYM

5 (3.1-9.4)

4 (4-8)

5.2 (2.9-9.8)

0.225

208 (162-257)

213 (165-290)

197 (162-242)

0.04

Albumin g/L

3.7 (3.3-4)

3.6 (3.3-3.9)

3.7 (3.2-4.1)

0.649

D-dimer, µg/L

787 (461.5-1696)

579.5 (382.2-1175.5)

965 (608-1939)

0.002

5.2 (2.7-9.8)

4.9 (2.7-9.0)

5.6 (2.5-11.5)

0.381

279 (211- 336.5)

269 (204.5-330.5)

286 (217.2-350)

0.121

109 (56.8)

57 (58.4)

52 (54.2)

0.519

PLTs, x 10^9/L

CRP, mg/dL
Respiratory features
PaO2/FiO2 ratio at the admission, median (IQR) †
Non-invasive ventilation with HFNC/CPAP, n. (%)

Continue >>>
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Characteristics

REM
(n=96)

Total

NO-REM
(n=96)

p -value

Treatment
Corticosteroids, n. (%)
Days of CCS-therapy, median (IQR)
Remdesivir, n. (%)
REM therapy start < 5 days of symptoms onset,
median (%)

121 (63)

93 (96.9)

28 (29.2)

<0.0001

14 (10-20)

15 (11-21)

11 (10-18.5)

0.002

96 (50)

96 (100)

0 (0)

NA

23 (23.9)

23 (23.9)

0 (0)

NA

Outcomes
ICU admission, n. (%)

26 (13.2)

6 (6.2)

20 (20.8)

0.003

Orotracheal intubation, n. (%)

16 (8.3)

4 (4.2)

12 (12.5)

0.028

27 (14.1)

10 (10.4)

17 (17.7)

0.146

Days of hospitalization, median (IQR)

Mortality, n. (%)

19 (16-26.2)

20 (14-25)

16 (12-27)

0.964

Days of viral shedding, median (IQR)

18 (12-25)

21 (16.7-28.5)

14.5 (10-21.5)

<0.0001

characteristics used in the match; cancer in the last 5 years.
Abbreviations: IQR: interquartile range I-III; BMI: Body Mass index; WBC: white blood cells; PMN: polymorphonuclear leukocytes; LYM: lymphocytes; PMN/LYM: polymorphonuclear leukocytes and lymphocytes ratio; PLTs: platelets; CRP: C-reactive protein; HFNC: High Flow Nasal Cannula;
CPAP: Continuous Positive Airway Pressure; CCS: corticosteroids; REM: remdesivir; ICU: Intensive Care Unit; NA: Not applicable.
†

‡

Table 2 - Multivariable analyses. Factors associated with ICU Admission (panel A), need for orotracheal intubation
(panel B) in- hospital mortality (panel C), in case-control population and mortality in the whole REM-population
(panel D).
C.

A.
OR (95% CI)

OR (95% CI)

p value

Age

1.03 (0.98-1.09)

0.265

Days of symptoms

0.82 (0.70-0.96)

0.012

p value

0.44 (0.11-1.72)

0.239

0.99 (0.987-0.998)

0.015

REM

0.37 (0.09-1.48)

0.159

LYM

0.999 (0.998-1.00)

0.218

CRP

1.00 (1.00-1.00)

0.006

Leukaemia/Lymphoma

7.75 (1.59-37.82)

0.011

REM

Steroids

0.48 (0.13-1.79)

0.272

Gender (female)
PaO2/FiO2

B.

0.99 (0.98-0.99)

0.001

LYM

0.99 (0.996-0.999)

0.036

CRP

1.00 (0.999-1.000)

0.449

Leukaemia/Lymphoma

28.87 (4.33-192.27)

0.001

0.65 (0.15-2.81)

0.564

Steroids

0.40 (0.08-1.87)

0.243

Enoxaparin

1.43 (0.17-11.86)

0.743

OR (95% CI)

p value

PaO2/Fio2

D.

OR (95% CI)

p value

PaO2/FiO2

0.99 (0.98-1.00)

0.038

REM

0.78 (0.13-4.76)

0.789

Steroids

0.19 (0.03-1.06)

0.058

LYM

6.29 (1.29-30.77)

0.023

Low Albumin

1.53 (0.41-5.65)

0.523

D-dimer

Leukaemia/Lymphoma

6.52 (1.35-32.54)

0.022

Lymphopenia > 6d

1.03 (0.11-1.72)

0.597

Gender

0.19 (0.987-0.998)

0.193

REM start <5d

7.78 (0.09-0.1.48)

0.082

0.62 (0.998-1.0)

0.016

1.00 (1.0-1.0)

0.455

56.48 (1.59-37.82)

0.002

Age

Low Albumin

Abbreviations: REM: remdesivir; LYM: low lymphocytes count (<725 cells/mmc); CRP: C-reactive protein; REM start <5d: Remdesivir started within
five days of the onset of symptoms; Lymphopenia >6d: lymphocytes count lower than 725 cells/mmc for more than 6 days).
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Figure 2 - Cumulative
proportion of mortality
rate between patients who
received REM (red line)
and patients who did not
received REM (blue line).

sion (p: 0.06), in the final multivariable model we
decided to insert also this variable. However, at
multivariable analysis only high CRP (p: 0.006),
severity of infection (p: 0.015) and haematological
malignancies (p: 0.011) were independently associated with ICU admission (area under the curve,
AUROC, of the model 0.84) (Table 2.A).
Likewise, patients receiving REM had a lower
rate of need for OTI (4.2% vs 12.5%, p: 0.028) but
in the multivariable analysis no significant association was observed between cases and controls
on the need for OTI (Table 2.B), whereas the use of
steroids showed a trend towards protection from
OTI (p:0.058).
As for in-hospital mortality, no significant differences between cases and controls were observed
(10.4% vs 17.7%, p: 0.14, respectively) (Figure 2).
Univariate analyses showed that older age, lower
duration of symptoms, higher severity of infection, low lymphocytes, high CRP and the presence of haematological malignancies were associated with mortality. No association with mortality
was found for the use of corticosteroids (p: 0.35)
or REM (p: 0.15). At multivariable analysis, lower
duration of symptoms at the hospital presentation
(p: 0.012), higher severity of infection (p: 0.001),
low lymphocytes (p: 0.036) and the presence of
haematological malignancies (p: 0.001) were independently associated with mortality (AUROC
0.91) (Table 2.C).

Viral shedding
Overall, median duration of viral shedding was
18 days (IQR 12-25), 21 days (IQR 16.25-28.75) in
REM group versus 14.5 days (IQR 10-21.75) in
subjects not receiving REM (p<0.0001). Of note,
a statistically significant positive correlation between duration of viral shedding (days) and duration of corticosteroids treatment was found (r
0.6220, p<0.0001) (Figure 3). On the other hand,
duration of viral shedding and duration of symp-

Figure 3 - Spearman correlation analysis between duration of viral shedding (days) and duration of corticosteroids treatment (days) (r 0.6220, p<0.0001).
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toms before hospitalization did not show correlation (r:-0.03, p: 0.64).
Characteristics of REM-containing population
As for the whole REM population, we recollected
data from all the 109 hospitalized adult patients
(age >18 years) diagnosed with SARS-CoV-2
pneumonia that received REM-based regimen for
5 days (Figure 1) and that were followed up with

laboratory and respiratory parameters at days
0-6-10. In Table 3 the general characteristics of the
population and the variation from d0 to d10 of
different laboratory parameters are depicted.
Patients treated with REM showed a significant
increase of lymphocytes B, CD4+ and CD8+ T-cells
count from day 0 to day 10 of therapy (Figure
4A-B-C-D), as well as D-dimer values, while CRP
and IL-6 constantly decreased during treatment

Table 3 - Remdesivir population. Clinical and laboratory characteristics of the whole population treated with
remdesivir-containing regimens.
General characteristics
Age, years, median (IQR)
Gender, females/males
Days of symptoms onset to hospitalization, median (IQR)

N=109
62 (55-71)
29/67
6 (4- 8)

Days of hospitalization, median (IQR)

20 (14-26)

Days of viral shedding, median (IQR)

22 (17-29)

pO2 at the admission, median (IQR)
PaO2/FiO2 at the admission, median (IQR)

89 (73.6-113)
269 (204.5-330.5)

Outcomes
At least one episode of bradycardia, n. (%)

34 (31.2)

ICU admission, n. (%)

6 (6.2)

Orotracheal intubation, n. (%)

5 (5.2)

In-hospital mortality, n. (%)

10 (10.4)
d0 †

d6

d10

WBC, x 10^6/L

7260 (5290-9060)*

8350 (6585-10050)^

8760 (7700-10360)**

PMN, x 10^6/L

5840 (3690-7670)*

5885 (4450-7835)

6080 (5070-7950)**

LYM, x 10^6/L

880 (710-1180)*

1310 (865-1910)^

1580 (1120-2340)**

Mono, x 10^6/L

340 (250-450)*

480 (375-640)

520 (410-660)**

4.25 (4-8.5)

4 (2-7)^

4.06 (2.46-6.27)**

211 (166-268)*

308 (229-402)

282 (224-387)**

Laboratory analysis, median (IQR)

PMN/LYM
PLTs, x10^9/L
CRP, mg/dL

5.21 (2.8-9.42)*

1.54 (0.72-4.22)^

0.42 (0.2-1.18)**

IL-6, pg/mL

31.1 (15.24-65)*

12.02 (6.10-23.59)^

6.98 (3.31-21.1)**

Serum procalcitonin, ng/ml

0.09 (0.04-0.17)*

0.06 (0.04-0.115)

0.05 (0.03-0.117)**

Albumin, g/L

3.6 (3.3-3.9)*

3.4 (3.1-3.7)

3.5 (3.2-3.8)**

Ferritin, µg/L

718 (336-1209)

726 (425-1300)^

586 (346 -899)**

Lactate dehydrogenase, U/L

267 (224-338)

232 (205-284)

214 (177-244)

0.86 (0.72-1.01)*

0.84 (0.7-0.96)^

0.84 (0.74-0.99)

AST, U/L

26 (20-35)

28 (19-37)^

20 (15-34)**

ALT, U/L

24.5 (16-38.5)*

28 (19-37)

20 (15-34)**

Fibrinogen, mg/dL

544 (443-599)*

437.5 (366.5-510.5)^

397 (322-487)**

D-dimer, µg/L

583 (388-1017)*

680 (419-1229)^

556 (318-1354)

Creatinine, mg/dL

Continue >>>
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Lymphocyte counts, median (IQR)
Lymphocyte T CD4, #

436.5 (382-609)*

731(483-1113)^

988 (712-1281)**

Lymphocyte T CD4, %

42.2 (35.4-54)*

48.6 (42.9-56.4)^

49.7 (42.1-57.9)**

Lymphocyte T CD8, #

182 (118-279)*

278 (161-406)^

324 (204-460)**

Lymphocyte T CD8, %

19 (13.7-26.9)*

17. 4 (13.4-27.1)^

16.6 (13.2-23)**

Lymphocyte B cell, #

139.5 (89-200)*

279 (148-422)^

310 (185-503)**

Lymphocyte B cell, %

14.5 (11.2-21.5)*

19.1 (12.1-24.5)^

17.6 (12-22.2)**

pO2

87 (73-113)*

109 (85-137)

110 (85-128)**

pCO2

34 (32-37.2)

36 (33-40)

37 (34-40)

PaO2/FiO2

256 (196-320)

243 (176-326)^

259 (180.5-351)

sO2

98.8 (97-99.4)

99.5 (98.6-100)

99.6 (98.4-99.9)

19 (17.4)*

41 (37.6)^

20 (18.3)**

0

0

1 (0.9)

Respiratory parameters, median (IQR)

Non-invasive ventilation with HFNC/CPAP, n. (%)
Orotracheal intubation, n. (%)

†d: days from first REM dose.
Abbreviations: IQR: interquartile range I-III; ICU: Intensive Care Unit; WBC: white blood cells; PMN: polymorphonuclear leukocytes; LYM: lymphocytes; Mono: monocytes; PMN/LYM: polymorphonuclear leukocytes and lymphocytes ratio; PLTs: platelets; CRP: C-reactive protein; IL-6: interleukin-6; AST: aspartate aminotransferase; ALT: alanine aminotransferase; HFNC: High Flow Nasal Cannula; CPAP: Continuous Positive Airway
Pressure. *: statistically significant (p<0.05) between d0-d6; ^statistically significant (p<0.05) between d6-d10; **: statistically significant (p<0.05)
between d0-d10.

(Figure 4). Of note, these parameters did change
over time in survived patients whereas no difference was found in deceased patients (Figure 4).
Regarding the early use of REM, 23 (23.9%) patients started therapy within 5 days of symptoms
onset. Looking at the risk factors for mortality in
the REM-population, a low albumin value at admission (p: 0.016) and a low lymphocytes count
(<725 cells/mmc) for more than 6 days (p: 0.002)
were significantly associated with a worse outcome (Table 2.D) while no effect was observed for
the early REM therapy (p: 0.082).
n DISCUSSION
In the present study, we showed that REM-containing regimens did not have effect on ICU admission, need for OTI and mortality, although in
the univariate analyses REM represented a protective factor for OTI and ICU admission.
Currently, an optimal implementation of therapeutic regimens aimed to decrease COVID-19
morbidity and mortality is a global dare. REM
effectiveness is still debated and this drug has
been a subject of controversy since RCTs ACTT-1
and SOLIDARITY have been published. Indeed,
WHO international COVID-19 guidelines recom-

mend against its use, while NIH guidelines recommend REM with a moderate rating, especially in patients that need oxygen support [20, 21].
Even though few RCT results showed a shorter
time to clinical improvement, REM seems to not
have any effect on mortality rate and few or no
impact on clinical benefit [10, 11, 22-24]. Similarly,
in our retrospective case-control study, the REMbased regimens were not associated with improvement in the mortality rate. These data are in
agreement with the results published by Wang et
al and those observed in the SOLIDARITY study,
that is, still, the largest, clearest and simplest RCT
available so far [24, 25].
Conflicting data were observed also in the real-life
experiences on REM published at the time of writing. In fact, our findings are in agreement with
Garibaldi et al and Ohl et al (2021), that showed
absence of impact on mortality in their case-control cohort, while Lee and colleagues (2020) reported a higher mortality rate in patients receiving REM compared with previous RCTs [12, 13,
15]. In contrast, a Spanish descriptive study in a
cohort of 242 patients admitted for COVID-19
in the 2020, among which 123 were treated with
REM, observed an overall low mortality rate [16].
Likewise, Diaz and colleagues (2021) confirmed
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Figure 4 - Time variation of different laboratory analyses from day 0 to day 10 in the whole REM population.
Panel A: total lymphocytes count (cells/mmc); Panel B: lymphocytes B (cells/mmc), Panel C: CD4+ T-cells (cells/
mmc), Panel D: CD8+ T-cells (cells/mmc), Panel E: D-dimer value (µg/L), Panel F: IL-6 value (pg/ml). “0” refers to
survided patients; “1” refers to died subjects. Blue column: d0; red column: d6; green column d10. *: p: 0.05-0.01,
**: p<0.01, ***: p<0.001; ns: not significant.

a lower mortality rate in patients receiving REM
compared to those receiving the best supportive
care [26]. Moreover, a recent real-life experience
including 285 patients treated with REM matched
with as many not receiving it, showed a significant
decrease in the time to clinical recovery among patients admitted to the hospital for COVID-19 and
treated with REM, although the mortality rate was
not affected by receiving the drug [12].
The observed divergence amongst published
studies could be explained by their retrospective
nature and the heterogeneous methods employed
to recollect and report data. In view of all these
discordant results from RCTs and real-life reports,

the decision to use or not REM as a part of treatment should take into account the therapy cost-effectiveness that may exceed the benchmark, as it
has been previously reported [27]. Anyway, we
strongly believe that additional studies with higher number of patients are warranted.
Exploring the risk factors related with mortality in
our case-control population, we found that lower
duration of symptoms at the hospital admission
and the presence of haematological malignancies
were independently associated with mortality.
While the first observation may be related to a
more severe presentation of COVID-19 pneumoniae at hospital admission, especially during
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the first pandemic wave, the latter confirms that
patients with haematological malignancies represent a vulnerable population to worse outcome
during COVID-19 due to a prolonged and severe
immunosuppression [28, 29].
In the present study, viral shedding was significantly longer in cases than in controls. Few data
have been published on the effects of REM on viral load and viral shedding, with no data available
from RTCs and only a real-life evaluation observing no nasopharyngeal viral load changes [30].
Recently, a faster viral clearance in patients treated
with REM plus steroid compared to patients only
treated with steroids was observed, thus assuming a direct REM role on viral shedding [31]. Our
different findings may be explained by the significant difference in steroids use between cases and
controls. As a matter of fact, receiving steroids
represents a determinant factor of prolonged viral shedding, not only during COVID-19 but also
during other viral infections including seasonal
influenza, SARS and MERS [32]. Furthermore, we
found a statistically significant positive correlation between duration of viral shedding and duration of corticosteroids treatment confirming the
central role of steroid therapy on the viral shedding, as it has been already observed [32]. On the
other hand, the duration of viral shedding did not
seem correlated to other factors as symptoms duration before hospitalization.
Regarding the timing of REM use, we did not observe any impact on mortality starting therapy
within 5 days of symptoms onset. This finding
is apparently in contrast with the last published
RCT PINETREE, which showed that a short (3day) and early REM regimen prevents progression to severe COVID-19 by means of hospitalization and mortality reduction [33]. Nevertheless,
these results could not be matched for the different nature of the studies design and the more severe COVID-19 presentation of our study population. We strongly consider that studies reporting
the real-life use of early REM in outpatients and
inpatients are needed.
An interesting finding of the present report is the
duration of lymphopenia as an independent biomarker of mortality in patients treated with REM.
In fact, lymphopenia has been already associated
with mortality in patients affected by community-acquired pneumonia caused by viral and bacterial aetiologies [34]. As a matter of fact, in influ-

enza virus infection lymphopenia was associated
with a more severe course of disease and, similarly, several studies have suggested how lymphopenia could be a predictor of poor prognosis even
in COVID-19 patients [35-37]. However, an association between duration of lymphopenia in COVID-19 and mortality in literature is still lacking
and, according to the result of our report, having
a low lymphocyte count (i.e. <725 cells/mmc) for
more than 6 days represents an independent risk
factor for an adverse outcome. Additional studies
on the prognostic role of the duration of low lymphocyte count should be therefore encouraged.
Furthermore, low albumin value was an independent risk factor for mortality in patients treated with REM-based regimens. This result is in line
with several observations showing that hypoalbuminemia was associated with worse outcome
and coagulopathy in COVID-19 patients [38, 39].
Last, but not least, in our study population REM
therapy was well tolerated, since no severe adverse events have been reported. Nevertheless,
we observed that a not-negligible rate of patients
experienced at least one episode of bradycardia
during or after REM-therapy, in the absence of
other factors potentially influencing the heart
rate (i.e. beta-blockers). Although COVID-19 may
be per se associated with bradycardia, probably
due to a direct viral effect, also REM use has been
commonly associated with an increased risk of
transient bradycardia [40-42]. How REM could
be responsible for bradycardia onset is still unknown; however, in line with its pharmacodynamics properties, an effect on sinoatrial node
function might be suggested [42].
This study has several limitations. In fact, firstly a
generalization about the results cannot be done due
to the small sample of patients and the monocentric and retrospective nature of the study. Secondly,
data regarding time to recovery were not collected;
nevertheless, considering the retrospective nature
of the study, gathering this information could have
led to significant bias when collecting data. Thirdly,
no typing was performed on the SARS-CoV-2 genome detected in COVID-19 patients hospitalized.
Finally, although regimens between cases and controls were sometimes different and the cases were
more likely to be treated with steroids, the extensive match as well as the inclusion of corticosteroids in the final multivariable model contributed
to the reduction of potential bias.

Remdesivir in COVID-19 221

In conclusion, our real-life study showed that
therapy with REM did not have effect on in-hospital mortality but suggested that REM may have
a potential role on OTI and ICU admission, although these findings were not confirmed at multivariate analysis. Length of steroid therapy was
significantly correlated with the duration of viral
shedding in the whole population and the duration of lymphopenia was independently associated with mortality in patients treated with REM.
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