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Background: Remdesivir is a prodrug with in vitro activity against severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2). Its clinical efficacy in patients with COVID-19 under mechanical ventilation remains
to be evaluated.

Methods: This study includes patients under mechanical ventilation with confirmed SARS-CoV-2 infection
admitted to the ICU of Pesaro hospital between 29 February and 20 March 2020. During this period, remdesivir
was provided on a compassionate use basis. Clinical characteristics and outcome of patients treated with remde-
sivir were collected retrospectively and compared with those of patients hospitalized in the same time period.

Results: A total of 51 patients were considered, of which 25 were treated with remdesivir. The median (IQR) age
was 67 (59–75.5) years, 92% were men and symptom onset was 10 (8–12) days before admission to ICU. At
baseline, there was no significant difference in demographic characteristics, comorbidities and laboratory values
between patients treated and not treated with remdesivir. Median follow-up was 52 (46–57) days. Kaplan–Meier
curves showed significantly lower mortality among patients who had been treated with remdesivir (56% versus
92%, P < 0.001). Cox regression analysis showed that the Charlson Comorbidity Index was the only factor that
had a significant association with higher mortality (OR 1.184; 95% CI 1.027–1.365; P = 0.020), while the use of
remdesivir was associated with better survival (OR 3.506; 95% CI 1.768–6.954; P < 0.001).

Conclusions: In this study the mortality rate of patients with COVID-19 under mechanical ventilation is con-
firmed to be high. The use of remdesivir was associated with a significant beneficial effect on survival.

Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is
a new coronavirus identified on 7 January 2020 in China, in the city
of Wuhan (Hubei province).1 Starting from this region the SARS-
CoV-2 has spread worldwide and on 2 May 2020 over 3 million
cases of SARS-CoV-2 had been reported, causing over 200000
deaths.

Between 16 and 24 February 2020 the WHO–China Joint
Mission examined 44672 infected people in China and estimated
an overall crude fatality rate of 3.8%. Fatality was much higher in
the elderly (21.9% in those over 80 years old) and in patients with
pre-existing conditions, such as cardiovascular disease (13.2%),
uncontrolled diabetes (9.2%), high blood pressure (8.4%) and
chronic respiratory diseases (8%). Fatality was also strongly influ-
enced by gender and by the response of the healthcare system.

The rate of infected people who needed hospital treatment was
high (20%), causing a significant stress on the health system’s
capacity.2

The overcrowding of ICU capacity had dramatic consequences
in all countries affected by the epidemic. Several studies have
reported high mortality rates in ICUs3–7 and, in some cases, intu-
bated patients’ mortality was above 80%.8 ICU saturation has also
characterized the first weeks of the epidemic in Italy, representing
one of the biggest problems for the health system.

The SARS-CoV-2 hit Italy on 20 February, when the first case not
imported from China was identified in Codogno, a city in the
Lombardy region in northern Italy. During the following days, new
cases, unrelated to the first one, were reported in other regions
of northern Italy.9

In Pesaro, a city located in the Marche region, we identified
the first patient affected by SARS-CoV-2 on 25 February 2020.
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Since then, we experienced an exponential increase in cases in our
province. The great majority of cases were unrelated to the out-
breaks in northern Italy and frequently presented a very serious
clinical condition at the time of diagnosis.

During the first 3 weeks of March, the capacity of Pesaro hos-
pital ICU was exceeded very quickly, leading to a lack of funda-
mental resources such as ventilators, nurses and doctors. The lack
of data and evidence of efficacy regarding treatments and patient
management made this period additionally difficult.10,11

In this setting, we requested the compassionate use of remde-
sivir, a prodrug that inhibits viral RNA polymerases with broad-
spectrum activity against several RNA virus families,12–15 including
SARS-CoV-2.16,17 Remdesivir has already demonstrated effective-
ness in trials related to Middle East respiratory syndrome CoV
(MERS-CoV) and Ebola virus infection18,19 and its clinical efficacy
against SARS-CoV-2 is now under investigation.11,20–24

In this study we report the clinical outcome of 25 critically ill
patients under mechanical ventilation treated with remdesivir.

Methods

Patients and treatments

We included all patients (older than 18 years) admitted to the ICU of Pesaro
hospital in the first 3 weeks of the SARS-CoV-2 outbreak, from 29 February
to 20 March 2020. At the time of admission, all patients had SARS-CoV-2
infection confirmed by RT–PCR assay and severe respiratory failure with the
need for mechanical ventilation.

Within 48 h after admission to the ICU, all patients were evaluated by
an infectious disease specialist who decided whether to proceed with the

request for compassionate use of remdesivir, based on specific criteria set
by the pharmaceutical company. Patients who died within the first 48 h
after ICU admission were excluded from this study.

All the requests for compassionate use of remdesivir were sent to the
company through a dedicated online portal and they were evaluated for
approval by the clinical operation team. At that time access to compassion-
ate use was reserved for patients who had SARS-CoV-2 infection confirmed
and needed mechanical ventilation. Exclusion criteria were creatinine clear-
ance under 30 mL/min, serum levels of ALT or AST more than five times the
upper limit of the normal range and need for inotropic support.

For approved cases, the treatment lasted 10 days and consisted of a
first dose of 200 mg IV on Day 1, plus 100 mg daily from Day 2 on. Ethics
committee approval was obtained for each patient treated with remdesivir,
and consents were obtained in accordance with ethics committee
dispositions. After Day 1 of remdesivir treatment, patients who were under
treatment with hydroxychloroquine and/or lopinavir/ritonavir continued
hydroxychloroquine and discontinued lopinavir/ritonavir.

Data collection
Data on patients treated with remdesivir were collected retrospectively and
compared with data on patients who recovered in the same time period in
the ICU. Patients treated with remdesivir were considered the study group;
patients not treated with remdesivir were considered the control group.

All clinical and laboratory data were collected daily from the medical
records of ICU patients. These included demographic data, clinical symp-
toms at onset, ongoing and previous medical conditions, laboratory and
vital signs at ICU admission, need for inotropic support and/or continuous
veno-venous haemofiltration during the ICU stay. All treatments carried
out before and during the stay in ICU were also recorded.

Figure 1. Trend of ICU admissions during the first weeks of the SARS-CoV-2 epidemic in Pesaro. During this period, four new temporary ICUs were
opened, increasing the number of beds from 9 to 40. Patients included in this study were admitted to the ICU between 29 February and 20 March
2020, when access to compassionate use of remdesivir was available. This figure appears in colour in the online version of JAC and in black and white
in the print version of JAC.
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For all patients the Charlson Comorbidity Index and SOFA score
were calculated at the time of entry into the ICU. End of follow-up was
2 May 2020.

Statistical analysis
Normally distributed continuous data were reported as the mean ± SD and
compared using the two-sided Student’s t-test. Non-normally distributed
continuous data were reported as the median and IQR and compared using
the Mann–Whitney test. Categorical variables were analysed with the v2-test
with Yates correction or Fisher’s exact test, whichever was most appropriate.

Our primary outcome was mortality at the end of follow-up. To identify
variables that were independent predictors of outcome, a Cox regression

analysis with backward stepwise selection was constructed employing
those variables with a significance level of P < 0.20.

Patient survival was evaluated using the Kaplan–Meier method and
compared using the log-rank test. IBM SPSS Statistics version 24 (SPSS,
Chicago, IL, USA) was employed for statistical analysis. Statistical signifi-
cance was set at P < 0.05.

Results

In the first 3 weeks of March, 60 patients were admitted to our ICU
with confirmed severe acute respiratory syndrome from corona-
virus SARS-CoV-2. The day with the highest number of ICU admis-
sions was 18 March, with nine patients (Figure 1). All patients

Table 1. Demographic and clinical characteristics of the patients

Characteristics Total (N = 51) Remdesivir group (N = 25) No remdesivir group (N = 26) P

Male sex, n (%) 47 (92.2) 23 (92) 24 (92.3) >0.999

Median (IQR) age (years) 67 (59–75.5) 64 (57–75) 70 (63.3–76) 0.313

Interval between symptom

onset and ICU admis-

sion, median (IQR)

(days)

10 (8–12) 11 (8–13) 9 (8–11) 0.197

Comorbidities, n (%)

ischaemic heart disease 7 (13.7) 3 (12) 4 (15.4) >0.999

congestive heart failure 4 (7.8) 0 (0) 4 (15.4) 0.110

COPD 3 (5.9) 0 (0) 3 (11.5) 0.235

diabetes mellitus 7 (13.7) 3 (12) 4 (15.4) >0.999

chronic kidney disease 4 (7.8) 2 (8) 2 (7.7) >0.999

hypertension 28 (54.9) 14 (56) 14 (53.8) 0.877

Median (IQR) Charlson

Comorbidity Index

3 (1–4) 2 (1–3) 3 (3–4) 0.131

Laboratory values

mean ± SD WBC/mm3 9246 ± 3500 9172 ± 3203 9318 ± 3826 0.883

mean ± SD

neutrophils/mm3

8040 ± 3342 7902 ± 3224 8173 ± 3511 0.775

median (IQR) lympho-

cytes/mm3

600 (400–900) 600 (500–830) 550 (300–900) 0.263

median (IQR) platelets %

103/mm3

190 (153–245) 192 (162–242) 184 (145–247) 0.578

median (IQR) creatinine

(mg/dL)

1.04 (0.86–1.45) 0.97 (0.89–1.24) 1.11 (0.85–1.57) 0.468

median (IQR) ALT (U/L) 45 (32.5–65.5) 45 (26–67) 45 (37.3–61.8) 0.402

median (IQR) AST (U/L) 34 (25.5–53) 34 (23–55) 33.5 (27.5–43.8) 0.671

median (IQR) total biliru-

bin (mg/dL)

0.9 (0.65–1.25) 0.9 (0.7–1.2) 0.8 (0.6–1.28) 0.564

median (IQR) LDH (U/L) 473 (387–559) 450 (342–510) 542 (416–559) 0.070

mean ± SD CRP (mg/dL) 20.5 ± 11.8 20.9 ± 13.8 20.2 ± 9.7 0.833

Median (IQR) SOFA score at

admission

5 (4–6) 4 (3–5) 5 (4–6) 0.037

CRRT, n (%) 25 (49) 10 (40) 15 (57.7) 0.206

Concomitant therapies,

n (%)

hydroxychloroquine 33 (64.7) 17 (68) 16 (61.5) 0.771

lopinavir/ritonavir 29 (56.9) 15 (60) 14 (53.8) 0.657

tocilizumab 9 (17.6) 7 (28) 2 (7.7) 0.075

Normally distributed continuous data are reported as mean ± SD. Non-normally distributed continuous data are reported as median and IQR.
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started mechanical ventilation on the day of admission. Nine
patients were excluded from this study; three were transferred
and lost during follow-up and six died in the first 48 h after hospi-
talization. The median (IQR) follow-up from the admission to ICU
was 52 (46–56.5) days.

Among the 51 patients analysed the median age was 67
(59–75.5) years, 92% were men and the median time of symptom
onset was 10 (8–12) days before admission to the ICU. The most
common comorbidities were high blood pressure (54.9%), dia-
betes mellitus (13.7%), ischaemic heart disease (13.7%) and mod-
erate kidney failure (7.8%). The median Charlson Comorbidity
Index was 3 (1–4), corresponding to an estimated 10 year survival
of 77%.25 All patients were admitted because of respiratory failure
and started mechanical ventilation. The SOFA score calculated at
the time of admission to the ICU was 5 (4–6) (Table 1).

At admission to the ICU, laboratory parameters were as
follows: mean (± SD) WBC count 9246 (± 3500)/mm3 ; median
(IQR) lymphocytes 600 (400–900)/mm3; platelets 190000
(153000–245000)/mm3; creatinine 1.04 (0.86–1.45) mg/dL; ALT
45 (32.5–65.5) U/L; AST 34 (25.5–53) U/L; total bilirubin 0.90
(0.65–1.25) mg/dL; lactate dehydrogenase (LDH) 473 (387–559)
U/L; and C-reactive protein (CRP) 20.5 (± 11.8) mg/dL (Table 1).

During hospitalization most of the patients underwent other
treatments with drugs under investigation for their clinical efficacy
against SARS-CoV-2 disease. Thirty-three patients (64.7%) were
treated with hydroxychloroquine, 29 (56.9%) with lopinavir/ritona-
vir and 9 (17.6%) with tocilizumab. In addition, 25 patients (49%)
needed continuous renal replacement therapy (CRRT) because of
kidney failure (Table 1).

Out of 51 patients, 25 underwent remdesivir treatment (study
group), while the remaining 26 did not have access to the experi-
mental drug (control group). The SOFA score at the time of entry
to the ICU was higher in patients not treated than in patients
treated with remdesivir (5 versus 4; P = 0.037). There was no fur-
ther significant difference between these groups, either in clinical
and laboratory characteristics or in the treatments carried out
(Table 1). Tocilizumab was used more frequently in patients who
had received remdesivir, but statistical significance was not
achieved (28% versus 7.7%; P = 0.075) (Table 1).

Among the 25 patients treated with remdesivir, the median
time between treatment initiation and symptom onset was 18
(15–20) days, and the time from admission to the ICU was 7 (4–8)
days. Twenty patients completed the 10 day treatment, while five
(20%) died of causes related to SARS-CoV-2 infection at a median
of 5 (4–6) days after starting remdesivir.

At the end of follow-up 38 patients (74.5%) had died, 9 patients
(17.6%) had been discharged from the hospital and 4 patients
(7.8%) were still hospitalized but not ventilated. Survival analysis
using Kaplan–Meier curves showed that mortality was significantly
lower among patients treated with remdesivir than in untreated
patients (56.0% versus 92.3% P < 0.001) (Figure 2). Death occurred
a median (IQR) of 17 (13–20) days after ICU admission in the
remdesivir group and 10 (8–13) days in the untreated group.

In the univariate analysis, the factors related to mortality were
time between symptom onset and admission to the ICU, Charlson
Comorbidity Index, platelet count and need for CRRT during the
stay in the ICU. Treatment with remdesivir and treatment with
tocilizumab were both associated with better survival. In the multi-
variate analysis we also included the following factors with

P < 0.200: age; ALT; total bilirubin; and CRP value at admission to
the ICU (Table 2).

In the multivariate analysis, the Charlson Comorbidity Index
was the only factor associated with mortality (OR 1.184; 95%
CI 1.027–1.365; P = 0.020), while remdesivir treatment was the
only one associated with survival (OR 3.506; 95% CI 1.768–6.954;
P < 0.001) (Table 2).

Discussion

In this study, we evaluated the effects of remdesivir in critically ill
patients under mechanical ventilation hospitalized in the ICU of
Pesaro hospital during 3 weeks of the SARS-CoV-2 epidemic.
During this period, we used remdesivir through compassionate use
access. To date there are no clinical studies that strongly demon-
strate the efficacy of a specific treatment in cases of SARS-CoV-2
infection.10,11 Remdesivir has broad-spectrum antiviral activity
against several virus families, including filoviruses, paramyxovi-
ruses, pneumoviruses and coronaviruses.12–15 In vitro testing has
also shown that remdesivir has activity against SARS-CoV-2.16,17

Although there are several clinical reports describing a beneficial
effect of remdesivir in severely ill patients with COVID-19, literature
data so far show conflicting results.3,22–24,26

A randomized multicentre trial involving 237 patients showed
that remdesivir use was not associated with a difference in time
to clinical improvement.22 Only one patient in the mentioned
study was mechanically ventilated. A more recent randomized
placebo-controlled trial with 1063 patients showed that remdesi-
vir was superior to placebo in shortening the time to recovery.24

Figure 2. Survival analysis with Kaplan–Meier curves. Comparison be-
tween patients treated and not treated with remdesivir with a median
(IQR) follow-up of 52 (46–56.5) days from admission to the ICU. This fig-
ure appears in colour in the online version of JAC and in black and white
in the print version of JAC.
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This beneficial effect was not seen in the subgroup of 272 patients
who underwent mechanical ventilation.24 However, the authors
clarified that median recovery time for this subgroup of patients
could not be estimated, suggesting that the follow-up time may
have been too short.24

Another report described outcomes in 53 patients with COVID-
19 who were treated with remdesivir on a compassionate use
basis and found that clinical improvement occurred in 68% of
cases.23 In the latter study, 80% of the patients were mechanically
ventilated, suggesting the potential of this drug in critical patients.

Our data confirm that remdesivir exerts a beneficial effect in
terms of survival in patients with COVID-19 undergoing mechanic-
al ventilation. Although the mortality rate of patients treated with
remdesivir was as high as 56%, it was still significantly lower than
that of patients who were not treated with the experimental drug.

The overall mortality found in our study (74.5%) is one of the
highest reported in the literature. However, it should be noted that
most of the studies showing lower mortality, between 24% and
65%, had much shorter follow-up and still had many patients
under mechanical ventilation at the time of the analysis.3–7 One of
the few studies reporting 28 day mortality in intubated patients
showed a mortality rate of 81%.8 Furthermore, the data presented

in our study refer only to the first 3 weeks of the epidemic, when
ICU capacity was extremely stressed (Figure 1).

Although the poor knowledge of the management of this new
infection has played a fundamental role in determining this high
mortality rate, as well as the lack of effective antiviral regimens,
the overcrowding of ICUs has certainly created an unfavourable
condition.

Due to the large number of patients who needed hospitaliza-
tion from 25 February, our hospital was completely reorganized
within a few days. All SARS-CoV-2-negative patients were trans-
ferred to other facilities and our hospital was dedicated exclusively
to confirmed SARS-CoV-2 patients. At the same time the number
of ICU beds was increased 4-fold (from 9 to 40 beds) (Figure 1).
Nevertheless, the initial need for ventilators, doctors and special-
ized nurses was largely unmet during the first 3 weeks of the
epidemic.

Our study has several limitations. First, it is a retrospective,
observational study. Nevertheless, all clinical data collected and
analysed were complete and detailed for each patient. Second,
being a single-centre study, the number of patients considered is
low. The low number of participants has certainly weakened the
statistical power of the study. However, we were able to detect a

Table 2. Factors related to outcome in the study population

Characteristics Survivors (N = 13) Not survivors (N = 38) P OR (95% CI) P

Male sex, n (%) 12 (92.3) 35 (92.1) >0.999

Median (IQR) age (years) 62 (57.5–69) 71 (62–76) 0.102 0.970 (0.924–1.018) 0.218

Interval between symptoms onset and

ICU admission, median (IQR) days

11 (10–13) 9 (7.75–11.25) 0.042 1.000 (0.879–1.139) 0.995

Comorbidities, n (%)

ischaemic heart disease 1 (7.7) 6 (15.8) 0.662

congestive heart failure 0 (0) 4 (10.5) 0.561

COPD 0 3 (7.9) 0.561

diabetes mellitus 2 (15.4) 5 (13.2) 0.950

chronic kidney disease 0 4 (10.5) 0.561

hypertension 9 (69.2) 19 (50) 0.379

Median (IQR) Charlson Comorbidity Index 2 (1–3) 3 (1.75–4) 0.045 1.184 (1.027–1.365) 0.020

Laboratory values

mean ± SD WBC/mm3 9158±3180 9276±3642 0.918

mean ± SD neutrophils/mm3 7838±3175 8109±3436 0.804

median (IQR) lymphocytes/mm3 600 (500–900) 600 (375–900) 0.514

median (IQR) platelets % 103/mm3 216 (170–269) 184 (132–238) 0.041 1 (1.000–1.000) 0.304

median (IQR) creatinine (mg/dL) 0.91 (0.85–1.08) 1.11 (0.84–1.56) 0.336

median (IQR) ALT (U/L) 48 (28.5–79) 44.5 (33–57.2) 0.673

median (IQR) AST (U/L) 51 (26.5–64.5) 33 (24.5–41.7) 0.187 1.001 (0.998–1.004) 0.524

median (IQR) total bilirubin (mg/dL) 1.2 (0.8–1.35) 0.8 (0.6–1.25) 0.182 1.358 (0.777–2.375) 0.283

median (IQR) LDH (U/L) 457 (330–545) 504 (388–575) 0.310

mean ± SD CRP (mg/dL) 24.8±14.3 19.1±10.6 0.135 0.999 (0.967–1.031) 0.936

Median (IQR) SOFA score at admission 4 (3.5–5) 5 (4–6) 0.488

CRRT, n (%) 2 (15.4) 23 (60.5) 0.013 0.837 (0.409–1.714) 0.627

Concomitant therapies, n (%)

hydroxychloroquine 10 (76.9) 23 (60.5) 0.336

lopinavir/ritonavir 8 (61.5) 21 (55.3) 0.944

tocilizumab 5 (38.5) 4 (10.5) 0.036 2.074 (0.714–6.024) 0.180

remdesivir 11 (84.6) 14 (36.8) 0.008 3.506 (1.768–6.954) <0.001
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significant improvement in the mortality rate of patients treated
with remdesivir. Third, there is a bias in patient selection. The selec-
tion was made in the first hours after entering the ICU, according
to the criteria set for the compassionate use study. Patients with
mild renal impairment or who had started inotropic support (e.g.
low-dose norepinephrine) were not eligible for remdesivir treat-
ment. This selection explains the significant difference in SOFA
score between treated and untreated patients and it is certainly a
criticism of this study. Despite this bias, the SOFA score at the time
of ICU admission was low in both groups (4 versus 5), with a pre-
dicted mortality of 20%.27 Actually, clinical conditions at the time
of admission did not influence the survival analysis and most of
the patients presented a long, progressive clinical worsening
resulting in multi-organ failure, with a median time of death of
13 days after entry to the ICU. Additionally, in six patients who met
the inclusion criteria and for which remdesivir was requested, the
drug was not delivered because of the interruption of the compas-
sionate programme. All six patients died, thus indicating that pa-
tient selection did not bias towards a better outcome. Fourth,
remdesivir was started late, at a median of 18 days after symptom
onset. Although animal models have shown that administering
remdesivir early in SARS-CoV and MERS-CoV infections reduces viral
shedding,13 there is still no clinical evidence of better outcome
with early treatment. Moreover, SARS-CoV-2 has been shown to
persist for several weeks in critically ill patients28,29 and to play a
role in maintaining activation of the immune system by binding to
macrophages, thus reinforcing antiviral usefulness even in the
advanced stages of the disease.30–32 Finally, we did not collect viral
load data to confirm the antiviral effects of remdesivir. This was
largely due to the scarcity of resources at the time of the epidemic
peak.

In conclusion, in this study the mortality rate of patients with
COVID-19 under mechanical ventilation is confirmed to be high.
The use of remdesivir was associated with a significant beneficial
effect on survival.
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