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Purpose of review

COVID-19 pandemic has caused more than 6.6 million deaths globally. Tremendous efforts have been
committed for the development of new and repurposed drugs for the treatment of COVID-19. Although
different international and national guidelines share consensus in the management of COVID-19 disease
with different levels of severity, new challenges have emerged, steering the need for ongoing research in
advancing the clinical management of COVID-19.

Recent findings

This review focuses on recent data from randomized trials and postmarketing real-world evidence for the
treatment of mild to moderate disease in the outpatient setting and patients hospitalized for COVID-19 with
varying level of severity. Relevant data for treatment of the latest omicron sub-variants in people who
received vaccination are presented. Challenges in special populations, including immunocompromised
hosts, patients with renal failure and pregnant women, are also discussed.

Summary

Treatment of COVID-19 should be personalized according to host characteristics, degree of severity and
available treatment options.
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INTRODUCTION

Since the beginning of the COVID-19 pandemic in
early 2020,more than 6.6million people around the
world died of the disease, but the real health burden
of the pandemic is still far to be evaluated [1].
Nevertheless, in an incredibly short period of time,
scientific research advances on prevention and
treatment of SARS-CoV-2 infection were developed.
The widespread rollout of SARS-CoV-2 vaccines and
improvement in the standard of care in treatment
has dramatically reducedmorbidity andmortality of
COVID-19 [2,3].

This review focuses on recent data on drug treat-
ment of adults with COVID-19 disease published
from January 2022 to November 2022. Where appli-
cable, data from randomized controlled trials are
presented. Real-world evidence is also reviewed, as
large real-life observational were often more repre-
sentative of populations infected with SARS-CoV-2
in real-life setting. This review also focuses on stud-
ies relevant to the omicron variant and the currently
circulating the sub-variants viruses.

In this review, treatment of COVID-19 disease of
the whole spectrum of severity in both outpatient
and hospitalized settings is presented (Fig. 1). Then,
particular issues related to treatment of special pop-
ulations are discussed.
om
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TREATMENT OF MILD-TO-MODERATE
COVID-19 DISEASE IN THE OUTPATIENT
SETTING

Patients with mild COVID-19 disease commonly
present with fever, cough, sore-throat and myalgia,
while patients with moderate disease have clinical
or radiographic evidence of lower respiratory tract
involvement, while maintaining oxygen saturation
at least 94% [4]. Most of these patients can be safely
managed in outpatient settings, including teleme-
dicine consultation, in-person clinics and emer-
gency departments [5,6].
Antiviral treatment

Two landmark phase 3 randomized trials, the
MOVe-OUT and EPIC-HR trials, evaluated the
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KEY POINTS

� Treatment of COVID-19 has been rapidly evolving since
the start of the pandemic due to advances in research
of new and repurposed drugs.

� Early antiviral therapy is recommended for patients with
mild-to-moderate disease, who are at risk of disease
progression, even if they have received SARS-CoV-
2 vaccination.

� Treatment of severe and critical COVID-19 disease
should include both antiviral drug and
immunomodulatory treatment.

� Use of mAbs is limited by lack of susceptibility to the
circulating variants.

Drug treatment of COVID-19 infection Lui and Guaraldi
efficacy of two oral anti-SARS-CoV-2 antiviral drugs,
molnupiravir and nirmatrelvir-ritonavir, prescribed
to outpatients. When given to unvaccinated indi-
viduals with mild-to-moderate COVID-19 disease
within 5days of symptom onset, who were at risk
of disease progression, molnupiravir and nirmatrel-
vir-ritonavir reduced hospitalization or death by 30
FIGURE 1. Treatment of COVID-19 in outpatients and hospitalize
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and 89%, respectively [7,8]. The pharmacological
characteristics, mechanism of action and clinical
use of these drugs have been reviewed previously
[9

&

].
These randomized trials were performed when

delta and earlier variants were circulating, and
involved unvaccinated individuals and relatively
small proportions of older adults [10]. It was thus
uncertain whether similar efficacy would be
observed in vaccinated (with and without boosters)
individuals who are older and had a wider spectrum
of comorbidities, or affected by the omicron variant,
which had a 60–70% lower risk of hospitalization
and death than the delta variant [11].

Recent observational studies provided evidence
for clinical effectiveness of these antiviral treat-
ments given to outpatients in real-world settings
(Table 1). These studies were performed when the
omicron variant was circulating, and involved pre-
dominantly patients older than 60years, with awide
range of comorbidities and immunocompromising
conditions. Previous immunity secondary to vacci-
nation or natural infection was greater than 70% for
most studies.
d patients.
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Table 1. Real-world evidence for use of oral antivirals in the treatment of mild to moderate COVID-19 disease in the

outpatient setting

Study design and
setting Sample size

Characteristics of antiviral
users Major findings

Molnupiravir

Najjar-Debbiny et al. [14]
Retrospective cohort
Two healthcare organization

databases in Israel
Jan to Feb 2022

2661 molnupiravir
users

2661 PS-matched
nonusers

Age 73.1�11.7
Male 50.4%
�2 doses of vaccine with last
dose within 180 days:
77.3%

Hypertension 73.6%
Cardiovascular disease 47.7%
Diabetes 44.0%

Severe COVID-19a or mortality
HR 0.83 (95% CI 0.57--1.21)
Subgroup analysis
Age>75 years: HR 0.54 (0.34--0.86)
Females: HR 0.41 (0.22--0.77)
Inadequately vaccinated: HR 0.45

(0.25--0.82)

Wai et al. [12]
Retrospective outpatient cohort
Hong Kong
Feb to Mar 2022

5345 molnupiravir
users

23430 nonusers

Age >60 years: 97.8%
Male 46.7%
Diabetes 9.6%
Stroke 4.9%

Hospital admission within 28 days
OR 0.72 (95% CI 0.52--0.98)

Wong et al. [13]
Retrospective cohort study
Hong Kong
Feb to Jun 2022

4983 molnupiravir
users

49234 matched
nonusers

Age >60 years: 88.7%
Male 47.5%
�2 doses of mRNA or �3
doses of inactivated vaccine
16%

Charlson comorbidity index
score 0--4: 89.8%

All-cause mortality
17.9 vs. 22.1 per 100000 person-days, HR

0.76 (95% CI 0.61--0.95)
Hospital admission due to COVID-19
107.6 vs. 104.0 per 100000 person-days,

HR 0.98 (95% CI 0.89--1.06)
>60 years: HR 0.89, 95% CI 0.81--0.97

Yip et al. [68]
Retrospective cohort study
Electronic healthcare database

in Hong Kong
Feb to Mar 2022

4798 molnupiravir
users

4758 nonusers with
PS weighting

Age 71.1�11.7
Male 46.8%
�2 doses of mRNA or �3
doses of inactivated vaccine
43%

Diabetes 28%

Hospital admission by 30 days
7.5 vs. 1.6%, weighted HR 1.17 (95% CI

0.99--1.39)
Death, ICU or mechanical ventilation
0.9 vs. 0.2%, weighted HR 1.12 (95% CI

0.68--1.82)

Nirmatrelvir-ritonavir

Arbel et al. [17]
Retrospective cohort
Electronic health record from

large healthcare
organization in Israel

Jan to Mar 2022

3902 nirmatrelvir-
ritonavir users

105352 nonusers

Age 40--64: 36%, �65: 64%
Male 40%
Previous immunity induced by
vaccination and/or infection
90%

Hypertension 49%
Obesity 42%
Diabetes 40%
Immunosuppression 23%

40--64 years
Adjusted HR for hospitalization: 0.74 (95%

CI 0.35--1.58)
Adjusted HR for death: 1.32 (95% CI 0.16--

10.75)
�65 years
Adjusted HR for hospitalization: 0.27 (95%

CI 0.15--0.49) (without previous immunity:
0.15, 95% CI 0.04--0.60; with previous
immunity 0.32, 95% CI 0.17--0.63)

Adjusted HR for death: 0.21 (95% CI 0.05--
0.82)

Dryden-Peterson et al. [18]
Retrospective analysis of an

electronic healthcare system
database in US

Jan to July 2022

11797 nirmatrelvir-
ritonavir users

32248 nonusers

Age �65 years: 46%
Male 41%
Vaccinated 23%, boosted
68%

Last vaccine dose >20 weeks:
74%

Immunocompromised 36%
Solid tumour 23%
Diabetes 19%

Hospitalization with 14 days or death within
28 days 0.55 vs. 0.97%, adjusted HR
0.56 (95% CI 0.42--0.75)

Subgroup analysis
Age 50--64 years: relative risk 0.55 (95% CI

0.30--1.03)
Age �65 years: 0.55 (0.40--0.77)
Not fully vaccinated 0.19 (0.08--0.49)
Vaccinated 0.69 (0.50--0.94)
Last vaccine <20 weeks 0.87 (0.51--1.50)
Last vaccine >20 weeks 0.45 (0.32--0.64)

Ganatra et al. [69]
Retrospective analysis of

electronic health records of
>120 healthcare
organizations in US

Dec 2021 to Apr 2022

1131 nirmatrelvir-
ritonavir users

1130 PS-matched
nonusers

Mean age 57.5�16.3
Male 37%
Vaccinated 100%
Hypertension 52.2%
Malignancy 45.3%
Diabetes 22.1%

Emergency room visits, hospitalization or
death at 30 days

7.87 vs. 14.4%, OR 0.51 (95% CI 0.39--
0.67)

Hospitalization at 30 days
0.8 vs. 2.0%, OR 0.43 (95% CI 0.20--0.91)
30-day mortality
0 vs. 0.8%

Infectious diseases
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Table 1 (Continued )

Study design and
setting Sample size

Characteristics of antiviral
users Major findings

Najjar-Debbiny et al. [19]
Retrospective cohort
Two healthcare organization

databases in Israel
Jan to Feb 2022

4737 nirmatrelvir-
ritonavir users

175614 nonusers

Age 68.5�12.5
Male 42.1%
�2 doses of vaccine with last
dose within 180 days
77.8%

Hypertension 51.7%
Obesity 40.9%
Diabetes 38.5%

Severe COVID-193 or mortality
adjusted HR 0.54 (95% CI 0.39--0.75)
Subgroup analysis
Adequate vaccination: adjusted HR 0.62

(95% CI 0.39--0.98)
No adequate vaccination: adjusted HR 0.52

(95% CI 0.32--0.82)
Age <60 years: adjusted HR 1.06 (0.36--

3.15)
Age �60 years: adjusted HR 0.52 (0.36--

0.73)

Shah et al. [5]
Retrospective analysis of

electronic health record
data set in USA

Apr to Aug 2022

198927 nirmatrelvir-
ritonavir users

500921 nonusers

Age �65 years 37.9%
Male 38.2%
Previous infection 15.0%
�2 doses of vaccine 68.8%
�2 underlying health
conditions 66.8%

Immunocompromised 9.9%

Overnight COVID-19-associated
hospitalization by day 30

0.47 vs. 0.86%, adjusted HR 0.49 (95% CI
0.46--0.53)

Subgroup analysis
Similar reduction in persons with 2 and �3

doses of vaccines, and in all age groups
(18--49, 50--64 and �65 years)

No significant reduction in age group 18--
49 with �3 mRNA doses, or only one
underlying health condition

Wai et al. [12]
Retrospective outpatient cohort
Hong Kong
Feb to Mar 2022

4442 nirmatrelvir-
ritonavir users

23430 nonusers

Age >60 years: 98.3%
Male 45.4%
Diabetes 6.6%
Cancer 2.7%

Hospital admission within 28 days
OR 0.37 (95% CI 0.23--0.60)

Wong et al. [13]
Retrospective cohort study
Hong Kong
Feb to Jun 2022

5542 nirmatrelvir-
ritonavir users

54672 matched
nonusers

Age >60 years: 85.9%
Male 46.3%
�2 doses of mRNA or �3
doses of inactivated vaccine
33.4%

Charlson comorbidity index
score 0--4: 95.5%

All-cause mortality
4.2 vs. 11.6 per 100000 person-days, HR

0.34 (95% CI 0.22--0.52)
Hospital admission due to COVID-19
48.5 vs. 61.0 per 100000 person-days, HR

0.76 (95% CI 0.67--0.86)

Yip et al. [68]
Retrospective cohort study
Electronic healthcare database

in Hong Kong
Feb to Mar 2022

4921 nirmatrelvir-
ritonavir users

4758 nonusers with
PS weighting

Age 70.8�12.1
Male 45.7%
�2 doses of mRNA or �3
doses of inactivated vaccine
43%

Diabetes 27%

Hospital admission by 30 days
3.5 vs. 1.6%, weighted HR 0.79 (95% CI

0.65--0.95)
Death, ICU or mechanical ventilation
0.4 vs. 0.2%, weight HR 0.81 (95% CI

0.47--1.39)

CI, confidence interval; HR, hazard ratio; OR, odds ratio; PS, propensity score.
aOxygen saturation <94%, arterial partial pressure of oxygen to fraction of inspired oxygen <300mmHg or respiratory rate >30 breaths.

Drug treatment of COVID-19 infection Lui and Guaraldi
Studies evaluating effectiveness of molnupiravir
yielded inconclusive results, with one study from
Hong Kong demonstrating 28% reduction in hospi-
tal admission [12] and another showing 24% reduc-
tion in mortality [13]. In two studies, protection
against disease progression was only observed
among older adult and inadequately vaccinated
subgroups [13,14].

In the PANORAMIC trial performed in the UK,
molnupiravir given in outpatient setting failed to
demonstrate a reduction of hospitalization or death,
given the very low rate of these outcomes (0.8%) in
the usual care arm. However, molnupiravir was able
1070-5287 Copyright © 2023 Wolters Kluwer Health, Inc. All rights rese
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to reduce time to recovery by 4.2days [15]. Secon-
dary analyses of the MOVe-OUT trial data also
showed additional benefits of molnupiravir in
reducing the need of respiratory support and sub-
sequent acute care visit [16].

Real-world studies evaluating effectiveness of
nirmatrelvir-ritonavir demonstrated benefits in
reducing hospital admission by 21–73% andmortal-
ity by 66–79% (Table 1). In subgroup analyses,
clinical benefit was not observed in adults aged less
than 60–65years [17–19], or in younger individuals
who received three doses of vaccine [5]. On the
contrary, the greatest benefit was observed in people
rved. www.co-pulmonarymedicine.com 177
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Infectious diseases
more than 65years of age [17], older adults with a
higher number of comorbidities [5] and underlying
immunosuppression [19], and individuals not
adequately vaccinated or who received last vaccine
dose more than 20weeks before infection [17–19].

Cost-effectiveness analyses from Hong Kong
and USA analysing data from large electronic health
databases showed that the use of SARS-CoV-2 oral
antivirals, vs. symptomatic care, in outpatient set-
ting reduced healthcare costs and increased quality-
adjusted life years, by reducing subsequent hospital
admissions, readmissions and long-term sequelae
[12,20].

In the PINETREE randomized controlled trial,
3 days of intravenous remdesivir administered in the
outpatient setting also reduced COVID-19-related
hospitalization or death by 87% when administered
within 7days of symptom onset in at-risk unvacci-
nated populations [21].

At present, there are no randomized head-to-
head comparative trials for the above-mentioned
oral and intravenous antiviral treatments. In a pro-
spective observational cohort of 562 outpatients
with COVID-19 treated with either these three anti-
virals in Italy, the type of antiviral treatmentwas not
associated with hospitalization or death, after
adjusting for age, comorbidities, vaccination status
and symptoms [22]. In this study, adverse events
were more common with the oral antivirals, partic-
ularly gastrointestinal symptoms, and dysgeusia
with nirmatrelvir-ritonavir, while remdesivir had a
higher risk of bradycardia [22]. The use of nirma-
trelvir-ritonavir is also challenged by drug–drug
interactions. Some studies figured out that 12–
20% of at-risk populations had potential severe
drug–drug interactions or required to change
chronic treatments when treated with nirmatrel-
vir-ritonavir [6,23].

Cases of viral rebound after cessation of nirma-
trelvir-ritonavir, which was associated with symp-
toms and viral transmission, were reported shortly
after rollout of antiviral treatment [24]. Recent data
from EPIC-HR trial and two retrospective cohort
studies each involving 13000 patients showed that
viral rebound was observed in 1.0–5.4% of patients
treated with nirmatrelvir-ritonavir, and the inci-
dence was similar to patients not treated with anti-
viral (0.6–1.7%) or with molnupiravir (0.8–8.6%)
[25–27]. Antiviral resistance was not identified.
Robust B and T cell immune responses were
detected, suggesting a low risk of progression to
severe disease during viral rebound [28].

Live-virus neutralization assays confirmed that
molnupiravir, nirmatrelvir-ritonavir and remdesivir
remain effective against omicron subvariants,
including BQ.1.1 and XBB [29].
178 www.co-pulmonarymedicine.com
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mAbs

In randomized trials, mAbs, such as sotrovimab
and tixagevimab-cilgavimab, reduced progression
to severe disease, hospitalization or death by
approximately 50–80%, when given to unvacci-
nated nonhospitalized patients at risk for disease
progression within 5–7days of symptom onset
[30,31]. A real-world study showed that in a pop-
ulation with 40% vaccination rate, mAbs reduced
hospitalization and mortality by 52 and 89%,
respectively, at the time when alpha and delta var-
iants were circulating [32]. Bebtelovimab was also
shown to have a trend in reducing risk of hospital-
ization or death in high-risk populations in a retro-
spective cohort study of patients treated in the
outpatient care setting [33].

Comparative observational studies have eval-
uated clinical effectiveness of mAbs and antiviral
treatments in outpatients. Bebtelovimab and nirma-
trelvir-ritonavir performed similarly in preventing
progression to severe disease [34], while sotrovimab
had a lower risk of progression, hospital admission
or death than molnupiravir [35].

These data supported the role of early admin-
istration ofmAbs in the prevention of progression to
severe disease. Unfortunately, none of the commer-
cially available mAbs, including tixagevimab-cilga-
vimab and bebtelovimab, were susceptible in vitro
against BQ.1.1 and XBB omicron sub-variants,
which are the predominantly circulating variants
globally at the last quarter of 2022 [29].

In summary, with regards to the treatment of
mild-to-moderate COVID-19 disease in the outpa-
tient setting, early use of antiviral treatment in
individuals with risk factors for disease progression
is highly recommended, and supported by random-
ized trials, real-world evidence and cost-effective-
ness analyses. In settings wherein resources are
limited, prioritization should be given to older
adults with multiple comorbidities or immunosup-
pression, and those who are inadequately or not
recently vaccinated. Nirmatrelvir-ritonavir is the
recommended treatment in the outpatient setting.
Where nirmatrelvir-ritonavir is contraindicated due
to drug interactions, or severe renal or hepatic
impairment [6], oral molnupiravir or intravenous
remdesivir, if feasible, should be prescribed. The use
of mAbs should only be considered if the circulating
variant is susceptible to the available treatment.
TREATMENT OF PATIENTS HOSPITALIZED
WITH MILD-TO-MODERATE DISEASE

Patients with mild-to-moderate disease may also be
hospitalized due to symptomatic COVID-19 disease,
or non-COVID-related indications. These patients
Volume 29 � Number 3 � May 2023
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Table 2. Real-world evidence for use of oral antivirals in the treatment of mild to moderate COVID-19 disease in hospitalized

patients

Study design and setting Sample size
Characteristics of antiviral
users Major findings

Molnupiravir

Suzuki et al. [37]
Retrospective cohort

23 hospitals in Fukushima,
Japan

Jan to Apr 2022

230 molnupiravir users
690 nonusers matched by PS

Age 64.1�20.0
Male 53.0%
�2 doses of vaccine 82.2%
Hypertension 55.3%
Diabetes 26.1%
Cardiac disease 18.3%

Clinical deteriorationa

3.9 vs. 8.4% (P¼0.034),
adjusted OR 0.45 (95% CI
0.21--0.97)

Wai et al. [12]
Retrospective inpatient cohort
Hong Kong
Feb to Mar 2022

799 molnupiravir users
20057 nonusers

Age >60 years: 98.2%
Male 50.6%
Diabetes 15.2%
Stroke 8.1%

All-cause mortality
HR 0.31 (95% CI 0.24--0.40)
28-day hospital readmission
OR 0.71 (95% CI 0.52--0.97)

Wong et al. [38]
Retrospective cohort study
Hospitalized adults in Hong

Kong
Feb to May 2022

1856 molnupiravir users
1856 nonusers matched by PS

Age 80.3�13.0
Male 49.2%
�2 doses of mRNA or �3
doses of inactivated vaccine
6.2%

Charlson’s comorbidity index
5.8�1.9

All-cause mortality
8.1 vs. 15.9%, HR 0.48 (95%

CI 0.40--0.59)
Composite disease

progressionb

16.5 vs. 25.9%, HR 0.60
(95% CI 0.52--0.69)

Nirmatrelvir-ritonavir

Wai et al. [12]
Retrospective inpatient cohort
Hong Kong
Feb to Mar 2022

282 Nirmatrelvir-ritonavir
users

20057 nonusers

Age >60 years: 99.3%
Male 52.1%
Stroke 9.2%
Diabetes 7.4%

All-cause mortality
HR 0.10 (95% CI 0.05--0.21)
28-day hospital readmission
OR 0.47 (95% CI 0.24--0.93)

Wong et al. [38]
Retrospective cohort study in

Hong Kong
Hospitalized adults
Feb to May 2022

890 nirmatrelvir-ritonavir users
890 nonusers matched by PS

Age 77.2�14.1
Male 50.0%
�2 doses of mRNA or �3
doses of inactivated vaccine
10.5%

Charlson’s comorbidity index
5.1�1.7

All-cause mortality
3.6 vs. 10.3%, HR 0.34 (95%

CI 0.23--0.50)
Composite disease

progressionb

11.3 vs. 19.4%, HR 0.57
(95% CI 0.45--0.72)

CI, confidence interval; HR, hazard ratio; OR, odds ratio; PS, propensity score.
aWorsened respiratory condition requiring escalation of treatment or respiratory support.
bAll-cause mortality, invasive mechanical ventilation, intensive care admission or oxygen therapy.

Drug treatment of COVID-19 infection Lui and Guaraldi
are at a higher risk of severe clinical presentation
and disease progression than those managed
as outpatients.
Molnupiravir and nirmatrelvir-ritonavir

A randomized phase 2 trial including 304 patients
hospitalized for COVID-19 to three different doses
of molnupiravir or placebo failed to show clinical
benefit [36]. To the best of our knowledge, no
randomized trialswereperformed toevaluateefficacy
of nirmatrelvir-ritonavir in hospitalized patients.

Three real-world studies performed in Hong
Kong and Japan evaluated clinical effectiveness
of nirmatrelvir-ritonavir and molnupiravir in peo-
ple hospitalized with mild-to-moderate COVID-19
disease (Table 2). The large majority of included
patients were more than 60years old, and had
1070-5287 Copyright © 2023 Wolters Kluwer Health, Inc. All rights rese

Copyright © 2023 Wolters Kluwe
adequate vaccination rates ranging from 10 to
80% [12,37,38]. Compared with matched controls,
molnupiravir and nirmatrelvir-ritonavir were
consistently associated with 40–55% lower risk
of clinical deterioration. Moreover, molnupiravir
was associated with 52–69%, and nirmatrelvir-rito-
navir 66–90% lower risk of death respectively
[12,37,38].

A cost-effectiveness analysis using real-world
data showed that in the inpatient setting, both oral
antivirals saved costs due to reduction in hospital
stay and readmissions, as compared with standard
care. Although molnupiravir cost an Incremental
cost-effectiveness ratio (ICER) of USD2629 per death
averted, nirmatrelvir-ritonavir was cost-saving with
an ICER of -USD5503 per death averted. This was
due to shorter length of stay and higher survival rate
for nirmatrelvir-ritonavir users [12].
rved. www.co-pulmonarymedicine.com 179
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Infectious diseases
Remdesivir

Randomized trials failed to demonstrate benefit in
clinical recovery and survival in hospitalized
patients with mild-to-moderate COVID-19 disease
not requiring oxygen therapy; a possible reason was
the limitation of small sample size in this subgroup
[39,40]. Subsequent retrospective studies involving
200–250 patients not requiring oxygen therapy also
showed similar results [41,42]. However, in two
recent retrospective cohort studies from large hos-
pital-based databases in the USA, including, respec-
tively, 8000 and 16000 hospitalized patients not
requiring oxygen therapy who received remdesivir,
the risk of mortality was reduced by 12–20% when
compared with propensity score matched controls
[43,44].

In summary, with regards to the treatment
of patients hospitalized with mild-to-moderate
disease, in the lack of randomized trial data,
real-world data show the benefit from early use
of antivirals, with improved survival. The option of
antiviral should be personalized depending on
clinical effectiveness, route of administration con-
venience and contraindications for individual
treatment.
TREATMENT OF PATIENTS HOSPITALIZED
WITH SEVERE AND CRITICAL DISEASE

Patients with severe disease present with hypoxemia
(oxygen saturation <94%) and tachypnoea, with
lung infiltrates detected on imaging in more than
50% of cases [4]. Patients with critical disease prog-
ress to respiratory failure requiring noninvasive or
mechanical ventilation, with potential multiorgan
failure [4].
Antiviral treatment

Early randomized trials and real-world data showed
that remdesivir reduced mortality and progression
to ventilation in hospitalized patients requiring low-
flow supplemental oxygen, but clinical benefits
were not observed in people requiring high-flow
oxygen, or noninvasive or mechanical ventilation
[39–42]. The latter findings were limited by inad-
equate sample size in detecting differences in out-
comes. Recently, two retrospective cohort studies of
large hospital-based databases in the USA, involv-
ing, respectively, 3500 and 7000 patients under-
going high-flow oxygen, or noninvasive or
mechanical ventilation, showed that remdesivir
was associated with 19–30% lower mortality risk
[43,44].

In a retrospective study in Poland including 590
patients, a significantly lower mortality rate was
180 www.co-pulmonarymedicine.com
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observed in adults aged more than 80years and
hypoxia receiving molnupiravir within 5days of
symptom onset (14.6 vs. 35.2%, P¼0.016) [45].
No randomized clinical trial evaluated efficacy of
oral antiviral treatment in hospitalized patients with
severe COVID-19 disease so far.
Immunomodulatory therapy

The use of immunomodulatory agents in the treat-
ment of severe and critical COVID-19 disease has
been extensively reviewed [46

&

]. Current guidelines
recommend corticosteroid, interleukin-6 inhibitor,
for example tocilizumab, and Janus kinase inhibitor,
for example baricitinib, in severe COVID-19 disease
[47,48].

Corticosteroids were the first drugs, which dem-
onstrated survivalbenefit in the treatmentofCOVID-
19 [49]. Recent studies compared effectiveness
between standard dose of corticosteroid (dexametha-
sone 6mg daily) and higher doses (dexamethasone
10–20mg daily) in patients with severe or critical
disease, but did not observe significant difference
in mortality and other clinical outcomes [50–52].

In patients with rapid disease progression and
evidence of systemic inflammation, for example
elevated C reaction protein, interleukin-6 or Janus
kinase inhibitors are recommended to be added to
corticosteroid [53].

Anti-C5a antibody was recently tested in a large
randomized trial, in which 368 patients receiving
invasive mechanical ventilation were randomized
to vilobelimab or placebo, in addition to standard of
care, which included corticosteroid, anticoagulants
and immunomodulators [54]. Vilobelimab signifi-
cantly reduced all-cause mortality at 28days by
33%, without increasing treatment-emergent seri-
ous adverse events.

In summary, with regards to the treatment of
patients hospitalized with severe and critical dis-
ease, current evidence supported the use of remde-
sivir for the whole spectrum of respiratory support.
Oral antivirals warrant further evaluation for
patients on low-flow supplemental oxygen. Cortico-
steroid and other immunomodulatory therapy con-
stitute an essential component in their clinical
management.
SPECIAL POPULATIONS

Immunocompromised populations

Most patients infected with SARS-CoV-2 achieve
clearance of infectious viruses by day 10 [55]. How-
ever, in immunocompromised individuals, persis-
tent infection with persistent viral replication has
Volume 29 � Number 3 � May 2023
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been observed, particularly in those with impaired
humoral immunity [56]. This condition causes long
duration of symptoms, risk of emergence of new
variants with potential antiviral resistance and
delays immunosuppressant treatment for the under-
lying conditions [56,57].

There is currently no consensus for the treat-
ment of this group of difficult-to-treat patients. In a
survey of a cohort of 31 patients with COVID-19 and
B cell immunodeficiency in the UK, those who
received a combination of remdesivir and antibody
therapy, including monoclonal antibody and con-
valescent plasma, had significantly higher rate of
sustained viral clearance than those receiving
remdesivir monotherapy or no antiviral treatment
[58]. Repeated and prolonged courses of remdesivir
up to 30days [59], in combination with antibody
treatment, or in combinationwith nirmatrelvir-rito-
navir [57] have been reported to successfully achieve
viral clearance.
Renal disease

People with moderate to severe renal impairment
were excluded from randomized trials of antiviral
treatments for COVID-19 [7,8,21]. A few observa-
tional studies reported use of remdesivir in people
with impaired renal function. In people with esti-
mated glomerular filtration rate less than 30ml/
min, use of remedesivir was not associated with
increased adverse events, including acute kidney
injury and abnormal liver function [60–62].

Remdesivir was also used, at half of the standard
dose, in patients receiving haemodialysis in South
Korea, and it was independently associated with a
lower risk of composite outcome of mortality, high-
flow nasal oxygen and intensive care admission [63].
Nirmatrelvir-ritonavir is currently being evaluated
in various clinical trials in patients with varying
degrees of renal impairment (trials registered in
ClinicalTrials.gov: NCT05366192, NCT05487040,
NCT05624840, NCT05386433).
Pregnancy

Antiviral treatments were seldom evaluated in preg-
nant women in randomized trials. Molnupiravir is
contraindicated in pregnancy due to potential
embryo-foetal toxicity [9

&

]. Remdesivir use in hos-
pitalized pregnant women was well tolerated, with-
out an increase in adverse maternal or neonatal
outcomes [64]. Early administration of remdesivir
within 7days of symptom onset was associated with
lower intensive care admission, progression to
severe disease and shorter length of hospital stay
[65].
1070-5287 Copyright © 2023 Wolters Kluwer Health, Inc. All rights rese
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Nirmatrelvir-ritonavir was prescribed to 47
pregnant women in the USA [66]. Women were
57% in the third trimester and 34% in the second
trimester. Two patients were subsequently hospi-
talized for non-COVID-related reasons. The treat-
ment was well tolerated, with two women
discontinuing medication due to adverse effects,
and no serious adverse effects reported for women
or new-borns.

A recent retrospective study evaluated the use of
high-dose inhaled nitric oxide for pregnant women
with severe COVID-19 pneumonia [67]. Inhaled
nitric oxide was associated with more oxygen sup-
plementation-free days, and shorter length of stay in
intensive care and in hospital, and did not increase
adverse maternal and neonatal outcomes.
CONCLUSION

The landscape of scientific research in the treatment
of COVID-19 disease has evolved rapidly since the
start of the pandemic. Effective antiviral treatment
is currently available for early administration to
people with mild-to-moderate disease at risk of pro-
gression even in people who received SARS-CoV-2
vaccination. The use of mAbs is limited by the rapid
emergence of variants resistant to available prod-
ucts. Combination of antiviral treatment and
immunomodulatory therapy is essential for the
treatment of severe and critical disease. Advances
are expected in the future for difficult-to-treat
groups who are immunocompromised or have
existing comorbidities limiting the use of currently
available options, who may require personalised
treatment regarding choice, combination and dura-
tion of antiviral treatments.
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