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Summary
Background Severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection is associated with
a high mortality. To date no trial comparing hydroxy-
chloroquine (HCQ) and lopinavir/ritonavir (LPV/RTV)
has been performed.
Methods Hospitalized patients ≥18 years old with
severe coronavirus disease 2019 (COVID-19) were
treated with either HCQ or LPV/RTV if they had either
respiratory insufficiency (SpO2≤ 93% on room air or
the need for oxygen insufflation) or bilateral consol-
idations on chest X-ray and at least 2 comorbidities
associated with poor COVID-19 prognosis. Outcomes
investigated included in-hospital mortality, intensive
care unit (ICU) admission, length of stay, PCR (poly-
merase chain reaction) negativity and side effects of
treatment.
Results Of 156 patients (41% female) with a me-
dian age of 72 years (IQR 55.25–81) admitted to our
department, 67 patients fulfilled the inclusion crite-
ria (20 received HCQ, 47 LPV/RTV). Groups were
comparable regarding most baseline characteris-
tics. Median time from symptom onset to treatment
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initiation was 8 days and was similar between the
groups (p=0.727). There was no significant difference
(HCQ vs. LPV/RTV) in hospital mortality (15% vs.
8.5%, p= 0.418), ICU admission rate (20% vs. 12.8%,
p= 0.470) and length of stay (9 days vs. 11 days,
p= 0.340). A PCR negativity from nasopharyngeal
swabs was observed in approximately two thirds of
patients in both groups. Side effects led to treatment
discontinuation in 15% of patients in the LPV/RTV
group.
Conclusion No statistically significant differences
were observed in outcome parameters in patients
treated with HCQ or LPV/RTV but patients in the
LPV/RTV group showed a numerically lower hospital
mortality rate. Additionally, in comparison to other
studies we demonstrated a lower mortality in patients
treated with LPV/RTV despite having similar patient
groups, perhaps due to early initiation of treatment.

Keywords SARS-CoV-2 · Treatment · Outcome ·
Austria · Real world data

Introduction

As of 30 June 2020 the SARS-CoV-2 pandemic has
caused over 10million infections and over 500,000
deaths worldwide [1]. The clinical manifestation of
COVID-19 ranges from mild respiratory symptoms to
acute respiratory distress syndrome and death. Case
fatality rates vary by countries and are strongly as-
sociated with age, comorbidities and disease severity
[2–6].

Several potential treatment options showed in vitro
efficacy or activity against coronaviruses, such as se-
vere acute respiratory syndrome (SARS), Middle East
respiratory syndrome (MERS) and severe acute respi-
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ratory syndrome coronavirus 2 (SARS-CoV-2) [7–10].
The LOTUS trial (Lopinavir Trial for Suppression of
SARS-Cov-2 in China) was the first randomized con-
trolled trial (RCT) published. It compared the hu-
man immunodeficiency virus (HIV) drug lopinavir/
ritonavir (LPV/RTV) vs. placebo in 199 patients but
did not show any significant difference in the primary
endpoint time to clinical improvement; however, pa-
tients treated with LPV/RTV had a shorter stay on
the intensive care unit (ICU) and the mortality rate
was lower in absolute numbers. This, however, did
not reach statistical significance [11]. The malaria
drug hydroxychloroquine (HCQ) is another possible
treatment, which has been suggested by some studies
[12–14], whilst others have demonstrated more con-
flicting results [15–17, 27, 28]. Although all studies so
far have had some methodological limitations, HCQ
and LPV/RTV may be promising drugs and large in-
ternational studies are currently ongoing [9, 18].

While the results of these trials are eagerly awaited,
off-label use of both drugs is widely practiced during
the current SARS-CoV-2 pandemic, and the risk of
possible adverse events needs to be weighed against
potential benefits. This article describes the effi-
cacy and safety of antiviral treatment with HCQ or
LPV/RTV in a real-life cohort of patients with COVID-
19.

Methods

Study design

This ongoing cohort study was conducted at the
Department for Infectious Diseases and Tropical
Medicine at the Kaiser-Franz-Josef Hospital in Vi-
enna, Austria. All hospitalized patients ≥18 years old
with molecular proven SARS-CoV-2 infections were
eligible for the study. Polymerase chain reaction (PCR)
tests for SARS-CoV-2 took place at our hospital lab-
oratory institute or at other certified laboratories in
Vienna.

Patients qualified for an antiviral off-label treat-
ment with HCQ or LPV/RTV if they met the inclusion
criteria, did notmeet any exclusion criteria and agreed
to off-label use. Inclusion criteria: need for hospi-
talization plus respiratory insufficiency (SpO2≤ 93% at
room air or need for oxygen insufflation) or bilateral
consolidations as demonstrated on chest X-ray and at
least two comorbidities associated with poor COVID-
19 prognosis (e.g. age >60 years, diabetes and hyper-
tension). Exclusion criteria were defined to ensure
maximum safety for the patients: patients who did
not fulfil the inclusion criteria, contraindications for
and known allergies to both drugs, low life expectancy,
palliative setting, inability to understand and/or agree
to the off-label use.

The treating physician made the decision regarding
which treatment to use based on the comorbidities,

concomitant medication and potential drug-drug in-
teractions, contraindications and availability of drugs.

The HCQ was administered with a loading dose of
400mg twice daily on the first day, followed by 200mg
twice daily. Contraindications for HCQ were pro-
longed QT interval (defined as QTc >440ms), known
retinopathies, psoriasis and known glucose-6-phos-
phate dehydrogenase deficiency. The LPV/RTV dose
of 400mg/100mg was administered twice daily and
had the following contraindications: known human
immunodeficiency virus (HIV) infection, severe liver
disease and essential background medication with
potentially relevant interactions. All concomitant
medications were checked for interactions via http://
www.covid19-druginteractions.org and adapted as
necessary. Duration of treatment was 5–10 days de-
pending on disease severity and clinical progression.

Patients not treated with any drug were not con-
sidered a suitable control group because of indication
bias. These patients did not receive any SARS-CoV-2-
specific antiviral treatment because of advanced age,
very limited life expectancy or only mild disease.

Outcomes investigated included in-hospital mor-
tality and ICU admission as well as length of stay
(LOS), viral clearance and side effects of treatment.

Definition of variables

The first day of any COVID-19 associated symptom
was considered as disease onset. Fever was defined as
a body temperature ≥38°C measured by the patient
at home (using any kind of thermometer) or during
medical contact (via ear thermometers). Respiratory
insufficiency was defined as SpO2 ≤93% at room air
or the need for supplementary oxygen. Dehydration
was defined as the need for intravenous fluids based
on clinical appearance. Side effects were attributed to
the study drug if they appeared after the drug was ini-
tiated. Elevated liver enzymes were considered clini-
cally relevant if they reached >3 times the upper limit
of normal.

Statistical analysis and data collection

Patient symptoms, medical history, laboratory param-
eters and complications were collected via a standard-
ized form during hospital admission. Incomplete data
were updated retrospectively from patient electronic
health records whenever possible.

Data were double checked, entered in a MS Ex-
cel sheet (Microsoft, Redmond, WA, USA) and anony-
mized before statistical analysis. All analyses were
made with SPSS 25 (IBM, Armonk, NY, USA) for Mac
OS (Apple, Cupertino, CA, USA). Categorial variables
were described by counts and percentages. For metric
non-normally distributed variables the median (Md)
and interquartile range (IQR) were used. Significance
tests for categorial variables were made via cross ta-
bles and χ2-test or Fisher’s exact test, where applica-
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ble. Mann-Whitney U-tests were calculated for metric
non-normally distributed variables. A two-sided al-
pha <0.05 was considered statistically significant.

Data described here were collected from 1 March
to 26 April 2020. After this period the drugs were only
prescribed within a randomized, controlled study set-
ting.

The cohort study and retrospective analysis was ap-
proved by the local ethics committee.

Results

General patient characteristics—whole population

In total 156 patients with a median age of 72 years
(IQR 55.25–81 years) were admitted to our department
of whom 64 (41%) were female. The median time
to hospitalization after symptom onset was 7 days
(IQR 3–10 days). The three most common symptoms
were weakness, cough and fever. Of the patients 66
(42.3%) presented with respiratory insufficiency and
104 (66.7%) had consolidations on chest X-ray on ad-
mission. Hypertension was the most common under-
lying disease and present in 49.4% of patients, fol-
lowed by atrial fibrillation (21.2%), diabetes (19.2%),
chronic kidney disease (17.9%) and chronic obstruc-
tive pulmonary disease (14.7%).

Of the patients 67 received antiviral treatment;
20 HCQ monotherapy and 47 LPV/RPV monotherapy.

Table 1 Patient demographics and medical history

Total
(N= 156)

No treatment
(n= 89)

Hydroxychloroquine
(n= 20)

Lopinavir/ritonavir (n= 47) p-valuec

HCQ vs. LPV/RTV

Agea (years) 72
(55.25–81)

77
(60–85)

62.5
(46.5–78)

65
(49–72)

0.716

Sex (female) 64 (41%) 43 (48.3%) 6 (30%) 15 (31.9%) 0.877

BMI [107]a,b 25.9
(23.8–30.1)

25.2
(22.9–28.1)

28.4
(25.5–32.6)

27.2
(23.7–31.17)

0.202

Medical history

Hypertension 77 (49.4%) 44 (49.4%) 14 (70%) 19 (40.4%) 0.034

Smoker/former smoker
[129]b

44 (34.1%) 22 (31.9%) 5 (27.8%) 17 (40.5%) 0.396

Atrial fibrillation 33 (21.2%) 23 (25.8%) 2 (10%) 8 (17%) 0.711

Diabetes 30 (19.2%) 18 (20.2%) 3 (15%) 9 (19%) 1.0

Chronic kidney disease 28 (17.9%) 20 (22.5%) 3 (15%) 5 (10.6%) 0.687

Coronary heart disease 25 (16%) 17 (19.1%) 5 (25%) 3 (6.4%) 0.046

Obstructive pulmonary dis-
ease

23 (14.7%) 13 (14.6%) 4 (20%) 6 (12.8%) 0.470

Congestive heart failure 19 (12.2%) 16 (18%) 0 3 (6.4%) 0.549

Any malignancy 18 (11.5%) 16 (18%) 0 2 (4.3%) 1.0

Dementia 16 (10.3%) 13 (14.6%) 0 3 (6.4%) 0.549

Rheumatic disease 6 (3.8%) 2 (2.2%) 1 (5%) 3 (6.4%) 1.0

Peripheral artery disease 11 (7.1%) 10 (11.2%) 1 (5%) 0 0.299

Hypothyroidism 13 (8.3%) 6 (6.7%) 3 (15%) 4 (8.5%) 0.418
aMedian and interquartile range are shown
bData were not available for all patients, the number of patients is given in square brackets
BMI body mass index, HCQ hydroxychloroquine, LPV/RTV lopinavir/ritonavir

An ICU admission was necessary in 6.4% of patients
and in-hospital mortality was 25%. Median ICU stay
was 5 days (IQR 2–7.5 days). Median length of stay of
the survivors was 10 days (IQR 6.5–16 days). Follow-up
swabs were performed in 104 patients, 53 (51%) were
PCR negative at the time of discharge with a median
time from symptom onset to PCR negativity of 17 days
(IQR 12.75–22.25 days). For details see Tables 1 and 2
and 4.

Subgroup—no treatment

Patients in this group had a median age of 77 years
(IQR 60–85 years) and 48.3% were female. Time from
symptom onset to hospitalization was 6 days (IQR
2–11 days). The in-hospital mortality rate was 36%
with a median time from hospitalization to death of
8 days (IQR 5–11 days). No patients were transferred
to the ICU. The LOS of the survivors in this group was
10 days (IQR 5.5–17 days). For details see Tables 1
and 2 and 4.

Due to indication bias this group was not consid-
ered as a placebo or control group.

HCQ vs. LPV/RPV

Patient characteristics and treatment
Patients who received monotherapy with either HCQ
or LPV/RTV were compared.
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Table 2 Symptoms and signs of patients on admission

Total
(N= 156)

No treatment
(n= 89)

Hydroxychloroquine
(n= 20)

Lopinavir/ritonavir (n= 47) p-value
HCQ vs. LPV/RTV

Time from symptom onset to hospi-
talization

7 days
(3–10)

6 days
(2–11)

7 days
(3–9)

7 days
(4.25–10)

0.463

Weakness 108 (69.2%) 59 (66.3%) 14 (70%) 35 (74.5%) 0.767

Cough 95 (60.9%) 45 (50.6%) 17 (85%) 33 (70.2%) 0.238

Fever 94 (60.3%) 50 (56.2%) 15 (75%) 29 (61.7%) 0.402

Dyspnea 54 (34.6%) 28 (31.5%) 11 (55%) 15 (31.9%) 0.102

Dehydration 56 (35.9%) 40 (44.9%) 4 (20%) 12 (25.5%) 0.760

Diarrhea 26 (16.7%) 18 (20.2%) 3 (15%) 5 (10.6%) 0.687

Altered mental state 32 (20.5%) 22 (24.7%) 2 (10%) 8 (17%) 0.711

Throat pain 21 (13.5%) 10 (11.2%) 5 (25%) (12.8%) 0.282

Blocked nose 10 (6.4%) 3 (3.4%) 3 (15%) 4 (8.5%) 0.418

Muscle/joint pain 5 (3.2%) 3 (3.4%) 0 2 (4.3%) 1.0

Loss of smell/taste 7 (4.5%) 5 (5.6%) 2 (10%) 0 0.086

Vomiting 4 (2.6%) 1 (1.1%) 0 3 (6.4%) 0.549

Respiratory insufficiency 66 (42.3%) 36 (40.4%) 10 (50%) 20 (42.3%) 0.602

Consolidation on chest X-ray 104 (66.7%) 52 (58.4%) 13 (65%) 39 (83%) 0.121
aMedian and interquartile range are shown
HCQ hydroxychloroquine, LPV/RTV lopinavir/ritonavir

Both groups did not differ in baseline character-
istics, such as age, sex and most variables from the
medical history. A significantly higher number of pa-
tients in the HCQ group suffered from hypertension
(70% vs. 40.4%, p=0.034) and coronary heart disease
(25% vs. 6.4%, p= 0.046). For details see Table 1.

Median time from symptom onset to hospitaliza-
tion (7 days vs. 7 days, p=0.463) and antiviral treat-
ment initiation (8 days vs. 8 days, p= 0.727) are iden-
tical in both groups. Median antiviral treatment dura-
tion did not significantly differ between groups (6 days
vs. 7 days, p=0.667). Concomitant antibiotic treat-
ment was administered in approximately one third of
patients in each group (Tables 2 and 3).

Outcome parameters

There was no statistically significant difference in the
primary endpoints between the two groups. In-hos-
pital mortality was 15% in the HCQ group vs. 8.5%
in the LPV/RTV group (p= 0.418). The ICU admission

Table 3 Treatment and side effects

Antiviral treatment Hydroxychloroquine (n= 20) Lopinavir/ritonavir (n= 47) p-value

Time from symptom onset to antiviral treatmenta 8 days (5–10) 8 days (5.25–10) 0.727

Duration of antiviral treatment 6 days (5–8) 7 days (3–8) 0.667

Antibiotic treatment 6 (30%) 18 (38.3%) 0.587

Side effects

Stopped treatment due to side effects 0 6 (15.4%) 0.170

Nausea 1 (5%) 12 (25.2%) 0.088

Diarrhea 0 7 (14.9%) 0.094

Elevated liver enzymes 2 (10%) 7 (14.9%) 0.714
aMedian and interquartile range are shown

rates were not statistically different between groups
(20% HCQ vs. 12.8% LPV/RTV, p= 0.470).

The LOS was 9 days (IQR 8–12 days) in the HCQ
group vs. 11 days (IQR 6–12 days) in the LPV/RTV
group (p= 0.340). Follow-up swabs were not per-
formed for every patient. Out of 12 patients in the
HCQ group 7 (58.3%) were PCR negative in the na-
sopharyngeal swabs at the time of discharge with
a median time of 15 days (IQR 9–17 days) after symp-
tom onset. Out of 31 in the LPV/RTV group 20 (64.5%)
were PCR negative in nasopharyngeal swabs after
a median of 17 days (IQR 13.5–22 days) after symp-
tom onset. For details see Table 4.

Safety and side effects
In the HCQ group 1 patient complained of nausea,
compared to 25.2% in the LPV/RTV group, 7 patients
(14.9%) in the LPV/RTV group developed diarrhea and
6 (15.4%) patients stopped treatment due to side ef-
fects. The large pill size was the reason why one of the
patients stopped treatment. Clinically relevant liver
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Table 4 Outcome

Outcome Total
(N= 156)

No treatment
(n= 89)

Hydroxychloroquine
(n= 20)

Lopinavir/ritonavir
(n= 47)

p-value
HCQ vs. LPV/RTV

In-hospital mortality 39 (25%) 32 (36%) 3 (15%) 4 (8.5%) 0.418

Deceased after X days in hospitala 7 days
(5–11.25)

8 days
(5–11)

8 days (na) 5.5 days (4.25–10.5) 0.858

ICU admission 10 (6.4%) 0 4 (20%) 6 (12.8%) 0.470

ICU admission after X days in
hospitala

3.5 days
(2–4.25)

Na 2 (0.5–6.5) 4 (3–4.25) 0.193

ICU duration 5 days
(2–7.5)

Na 6 (3–6.75) 3.5 (2–12) 0.741

Mechanical ventilation 4 (2.6%) – 2 (10%) 2 (4.3%) 0.577

Length of stay of survivorsa 10 days
(6.5–16)

10 days
(5.5–17)

9 days (8–12) 11 days (6–16) 0.340

Nasopharyngeal swab PCR nega-
tive [104]b

53/104 (51%) 26/61
(42.6%)

7/12 (58.3%) 20/31 (64.5%) 0.737

Days until PCR negativitya 17 days
(12.75–22.25)

17.5 days
(12.75–26.75)

15 days
(9–17)

17 days
(13.5–22)

0.234

aMedian and interquartile range are shown
bData were not available for all patients and the number of patients is given in square brackets
HCQ hydroxychloroquine, LPV/RTV lopinavir/ritonavir, na not applicable, ICU intensive care unit, PCR polymerase chain reaction

enzyme elevation was observed in 7 patients in the
LPV/RTV group. No other side effects were observed.
For details see Table 3.

Discussion

Among patients with severe COVID-19 who received
antiviral treatment in our cohort, we found no sig-
nificant difference in mortality between HCQ and
LPV/RTV. Numerically less people in the LPV/RTV
group died (8.5% vs. 15%). The high overall mortality
rate of 25% highlights the severity of COVID-19 in our
study population.

In the LOTUS trial a mortality rate of 19% of pa-
tients who were treated with LPV/RTV was observed.
The median age was 58 years and treatment was
initiated 13 days after symptom onset [11]. Patients
treated with LPV/RTV in our study had a mortality rate
of 8.5%. They were generally older, with a median age
of 65 years, had more comorbidities and treatment
was started earlier (8 days after symptom onset). The
early initiation of treatment might explain the lower
mortality rate of patients treated with LPV/RTV in our
study. This theory can be supported by the numeri-
cally lower mortality of patients treated within 12 days
of disease onset in the LOTUS trial [11]. Furthermore,
early treatment initiation was associated with better
outcome in other viral infections such as SARS and
influenza [19–23].

Data on efficacy and mortality in patients with se-
vere COVID-19 treated with HCQ are only derived
from observational studies. Possible efficacy is de-
scribed in some small studies with mild to moderate
disease with surrogate parameters [12–16]. A study
performed in the USA (published as a non-peer re-
viewed preprint) analyzed data from 368 male veter-
ans treated with HCQ with or without azithromycin

compared to patients without treatment. Mortality
rates were significantly higher in the HCQ (27.8%) and
HCQ plus azithromycin group (22.1%) compared to
the no treatment group (11.4%). Time from symp-
tom onset to treatment, criteria for treatment initia-
tion, duration and dosage of treatment were not de-
scribed [17]. Recently, two large observational stud-
ies each with approximately 1400 patients were con-
ducted. One did not show any effect of HCQ treatment
on the composite endpoint of intubation or death
in hospitalized COVID-19 patients [27]. The other
did not show any association of treatment with HCQ,
azithromycin or both compared to neither treatment
and in-hospital mortality in COVID-19 patients [28].
The in-hospital mortality in that study was 19.9% for
patients treated only with HCQ and 25.7% for pa-
tients treated with HCQ and azithromycin [28]. Un-
fortunately, in both studies the time from symptom
onset to treatment was not reported, neither were
patients of subgroups compared who received early
vs. late treatment [27, 28]. Therefore, real conclu-
sions about HCQ treatment efficacy cannot be drawn
from these studies. In comparison the patients who
received HCQ in our study were older and showed
a mortality rate of 15%.

Of the patients from whom nasopharyngeal follow-
up swabs had been taken for PCR analysis, approx-
imately two thirds were PCR negative at the time of
discharge in both groups, with a median duration
of 15 and 17 days (HCQ vs. LPV/RTV) after symp-
tom onset. Time to PCR negativity was longer in
our HCQ treated population compared to other trials
where PCR negativity was observed in 60–100% of pa-
tient after 6–7 days of treatment [12, 15]. This might
be due to disease severity. Our patients were older,
had more comorbidities and more severe disease.
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Prolonged viral shedding was observed in patients
with severe disease. In one study the median du-
ration of viral shedding was 20 days in survivors,
while deceased patients were unable to clear the
virus [3]. Other studies showed similar results [24]
or even longer viral shedding in survivors [25]. The
triple combination of LPV/RTV, ribavirin and inter-
feron beta 1-b might be another treatment option
to reduce viral shedding. Patients with mild disease
treated with this combination early in the disease
course (with a median of 5 days after symptom onset)
showed a significantly shorter time to PCR negativ-
ity of nasopharyngeal swabs compared to LPV/RTV
treated patients (7 days vs. 12 days, p=0.001) [29].

In the LOTUS trial 40% of patient swabs were still
RNA-PCR positive on day 28 [11]. It is unclear if such
patients are still infectious. A study showed that vi-
ral cultures were negative 8 days after symptom onset
but PCR was still positive. This suggests that patients
beyond day 8 after onset of symptoms may be not in-
fectious anymore despite viral RNA persistence on the
mucous membrane of the nasopharynx [26]. Another
study incubated Vero cell lines with 90 PCR SARS-
CoV-2 positive samples. No viral growth was observed
8 days after symptom onset or a cycle threshold of >24
[30]. These studies suggest that despite PCR positivity
of nasopharyngeal samples infectivity is unlikely.

In our study the ICU admission rate was similar
between treatment groups. There was no difference in
LOS of survivors between HCQ and LPV/RTV in our
study and LOS was comparable to the LOTUS trial.
Patients in our study were only treated for 7 days with
LPV/RTV compared to 14 days in the LOTUS trial [11].
This suggests that a shorter duration treatment may
be sufficient if initiated early.

Side effects were mild to moderate and observed
more frequently in the LPV/RTV group, leading to
treatment discontinuation in 15% of the patients vs.
0% in the HCQ group. No severe side effects occurred
in either of our study groups, suggesting that safe use
is possible if a protocol designed by specialists is fol-
lowed and off-label treatment can be justified with
respect to the high mortality of severe COVID-19.

While more than 100 clinical trials are currently at-
tempting to find the optimal treatment for COVID-19,
no comparative study of HCQ and LPV/RTV has been
performed to date [9]. The strength of our study is
that we compared the efficiency of these drugs for the
first time in patients with severe COVID-19. We fo-
cused on essential endpoints, such as mortality and
ICU admission rate and not just on surrogate param-
eters.

Our study has some limitations. The small sample
size limits interpretation. It is a retrospective single
center observational cohort study that lacks both ran-
domization and a placebo group. We had a subgroup
of patients who were not treated with any drugs but
it was not considered to be a placebo group because
of potential indication bias. Patients in this subgroup

did not receive treatment because they were consid-
ered either to be of advanced age with a limited life
expectancy (as shown by the high mortality rate of
36% and no ICU admissions), were considered to have
mild disease and did therefore not fulfil the inclusion
criteria or did not or could not agree to off-label use.

Evidence for COVID-19 treatment options is grow-
ing continuously. The antiviral drug remdesivir
showed clinical benefits in a large RCT with ap-
proximately 1000 patients. Compared to placebo
patients treated with remdesivir had a significantly
shorter time to clinical recovery (11 days vs. 15 days,
p< 0.001) and the effect was mostly driven by patients
who received non-invasive ventilation. At day 14 there
was a non-significant trend towards a reduced mor-
tality (7.1% vs. 11.9%, hazard ratio for death 0.70,
95% CI 0.47–1.04), mostly driven by patients who
required oxygen [31]. Another study showed that 5
days of treatment was equivalent to a 10-day course
in most patients treated with remdesivir, except in
patients who require mechanical ventilation, where
a prolonged treatment may be beneficial [32].

Very recently data from more than 6500 patients
enrolled in the RECOVERY trial showed a significant
mortality reduction at day 28 in patients treated with
6mg dexamethasone for up to 10 days. Dexametha-
sone reduced in-hospital mortality in patients who
required mechanical ventilation from 40.7% to 29%
(p< 0.001) and in patents who required oxygen from
25% to 21.5% (p=0.002), but did not show any benefit
in patients who did not require oxygen supplementa-
tion [33].

In summary, we were able to show that HCQ and
LPV/RTV are safe treatment options with no statisti-
cally significant differences observed in outcome pa-
rameters. Patients treated with LPV/RTV had a nu-
merically lower in-hospital mortality rate compared to
patients treated with HCQ. Early treatment initiation
may be crucial to improve patient outcome, which
might explain the lower mortality rate in our LPV/RTV
subgroup compared to that in the LOTUS trial.

Despite the promising results of remdesivir and
dexamethasone neither drug showed positive effects
in patients not requiring oxygen [31–33]. The use of
LPV/RTV may serve as a treatment option in this pop-
ulation or in patients with contraindications for those
drugs. Higher doses of LPV/RTV might be necessary
to inhibit SARS-CoV-2 replication more efficiently
[34].

The use of HCQ did not show any positive effects
in two large observational trials [27, 28] but as long as
results from RCTs are not available final conclusions
about its efficacy cannot be drawn. Finally, we suggest
that LPV/RTV might be used to treat COVID-19 if the
patients meet certain criteria and can be enrolled in
controlled clinical trials.
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