position paper

Wien Klin Wochenschr (2022) 134:399-419
https://doi.org/10.1007/s00508-022-02018-x

®

Check for
Updates

Wiener klinische Wochenschrift

The Central European Journal of Medicine

Management of patients with SARS-CoV-2 infections with
focus on patients with chronic lung diseases (as of 10

January 2022)

Updated statement of the Austrian Society of Pneumology (ASP)

Horst Olschewski

- Ernst Eber - Brigitte Bucher - Klaus Hackner - Sabin Handzhiev - Konrad Hoetzenecker -

Marco Idzko - Walter Klepetko - Gabor Kovacs - Bernd Lamprecht - Judith L6ffler-Ragg - Michael Meilinger -
Alexander Miiller - Christian Prior - Otmar Schindler - Helmut Taubl - Angela Zacharasiewicz - Ralf Harun Zwick -
Britt-Madelaine Arns - Josef Bolitschek - Katharina Cima - Elisabeth Gingrich - Maximilian Hochmair -

Fritz Horak - Peter Jaksch - Roland Kropfmiiller - Andreas Pfleger - Bernhard Puchner - Christoph Puelacher -
Patricia Rodriguez - Helmut J. F. Salzer - Peter Schenk - Ingrid Stelzmiiller - Volker Strenger - Matthias Urban -

Marlies Wagner - Franz Wimberger - Holger Flick

Received: 19 January 2022 / Accepted: 17 February 2022 / Published online: 21 April 2022

© The Author(s) 2022

Summary The Austrian Society of Pneumology (ASP)
launched a first statement on severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection
in May 2020, at a time when in Austria 285 people had
died from this disease and vaccinations were not avail-
able. Lockdown and social distancing were the only
available measures to prevent more infections and the
breakdown of the health system. Meanwhile, in Aus-
tria over 13,000 patients have died in association with
a SARS-CoV-2 infection and coronavirus disease 2019
(COVID-19) was among the most common causes of
death; however, SARS-CoV-2 has been mutating all the
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time and currently, most patients have been affected
by the delta variant where the vaccination is very ef-
fective but the omicron variant is rapidly rising and
becoming predominant. Particularly in children and
young adults, where the vaccination rate is low, the
omicron variant is expected to spread very fast. This
poses a particular threat to unvaccinated people who
are at elevated risk of severe COVID-19 disease but
also to people with an active vaccination. There are
few publications that comprehensively addressed the
special issues with SARS-CoV-2 infection in patients
with chronic lung diseases. These were the reasons
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for this updated statement. Pulmonologists care for
many patients with an elevated risk of death in case
of COVID-19 but also for patients that might be at an
elevated risk of vaccination reactions or vaccination
failure. In addition, lung function tests, bronchoscopy,
respiratory physiotherapy and training therapy may
put both patients and health professionals at an in-
creased risk of infection. The working circles of the
ASP have provided statements concerning these risks
and how to avoid risks for the patients.

Keywords Mechanical ventilation - Immune
modulators - Chronic lung disease - Pediatric lung
disease - Long covid
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Epidemiology

In Austria, by 10 January 2022, 13,408 people have
died from COVID-19. In the year 2020, COVID-19
accounted for 7% of all deaths. The death rate was
strongly associated with age and 97% of all deaths
were seen in people >60years old, while only 0.9%
were seen in people <40years old. Interestingly, if peo-
ple up to age 70years are considered, twice as many
men as women have died (Statistik Austria), although
the infection rate between men and women was not
significantly different. The cause for this strong gen-
der effect is unknown.

The most important independent risk factors for
death from COVID-19 are obesity, hypertension and
diabetes mellitus. In addition, genome-wide associ-
ation analysis identified blood group A as an inde-
pendent risk factor (odds ratio [OR] 1.45) and blood
group O as a protective factor (OR 0.65) [1]. There had
been some controversies about the risk of smoking.
Some analyses even considered a protective effect.
A recent meta-analysis viewing 1248 publications and
including 40 relevant papers, concluded that both for-
mer and current smoking significantly increases the
risk for COVID-19 death (OR=1.35 and 2.58, respec-
tively) [2].

Definitions and course of disease

After infection with the SARS-CoV-2 virus, there is an
incubation time where the virus replicates in the body
without causing any symptoms. This used to be about
6 days with previous SARS-CoV-2 variants, but with
the delta variant, the time has decreased to 4 days (re-
liable data for the omicron variant are pending). As
depicted in Fig. 1, after this time infected people may
stay nearly asymptomatic (most children and young
adults) or develop mild to moderate symptoms that
resolve within 4 weeks, or, after another week, they
develop a decrease in oxygen saturation <94% with
more or less severe respiratory symptoms. This de-
fines a potentially life-threatening course of the dis-
ease and applies to a maximum of 2-5% of the infected
people in the population. In people with pre-existing
hypoxemia, the cut-off at 94% for severe COVID-19
does not apply. Instead, a drop in the oxygen satu-
ration by 4% with no other explanation is considered
significant.

If bilateral infiltrates are seen in the chest X-ray or
in the chest computed tomography (CT), the defini-
tion of COVID-19 pneumonia is met. If additionally
the oxygenation index (OI=PO2/FiO2 [arterial partial
pressure of oxygen/inspiratory fraction of oxygen]) is
<300, the definition of COVID-19 ARDS is met, pro-
vided that cardiogenic lung edema or general fluid
retention have been excluded and a positive end-ex-
piratory pressure of 5mmHg has been applied. Such
patients may need supplementary oxygen, high-flow
nasal oxygen, non-invasive ventilation or mechani-
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Fig. 1 Heterogeneity of SARS-CoV-2 infection. Infection
may be oligosymptomatic (g, b), or lead to hospitalization with
mild disease (c, d), or severe disease (g,f,g). Each disease
course (@—g) may result in either death or convalescence, but
courses f and g (red) are associated with the highest death
rates. ECMO extracorporeal membrane oxygenation, SARS-
CoV-2 severe acute respiratory syndrome-corona virus-2. (8-
point scale from WHO R&D blueprint [3])

cal ventilation, vasopressive therapy, extracorporeal
membrane oxygenation (ECMO) or even lung trans-
plantation.

If the COVID-19 symptoms persist for more than
4 weeks, the definition of long COVID is met (see be-
low). According to a study from Stanford University,
72.5% of all people with symptomatic and mostly hos-
pitalized COVID-19 patients suffered from at least one
typical symptom for more than 4 weeks [4]. There
is an actual S1 recommendation on long COVID and
post-COVID syndrome in the German language by
several Austrian and German medical societies includ-
ing the ASP [5].

Mechanism of transmission of SARS-CoV-2

For some time, there was controversy about the main
mechanism of SARS-CoV-2 transmission from hu-
man to human. Although smear infection appeared
unlikely, it was not completely excluded. Transmis-
sion over the airways was acknowledged as the main
mechanism; however, there was a controversy about
the question if only large expelled droplets contained
enough virus particles or if also aerosols could cause
an infection. Aerosols consist of finest droplets in
the range of 0.1-0.5pm, which are exhaled during
every single breath and hover in the room, compa-
rable to cigarette smoke. By 7 May 2021, the Center
for Disease Control (CDC) announced that COVID-19
belongs to the airborne infections, meaning that it is
effectively transmitted through aerosols. This had al-
ready been postulated after analysis of outbreaks and
indoor air samples in Wuhan [6] and experimentally
proven in an animal model [7]. The aerosol charac-
teristics explain why nearly all infections have taken
place indoors, why hand disinfection, face shields and
face masks did not provide full protection and why it
is of utmost importance to ventilate the rooms where
COVID-19 patients stay or have stayed [8, 9].

Measures to minimize SARS-CoV-2 transmission

When it is unknown if infected people are present, di-
rect contact between people should be avoided. Con-
tamination with large droplets can be prevented by
means of face shields and masks and by keeping a dis-
tance of 2 m. Aerosol transmission in closed rooms,
however, can only be avoided by ventilation of the
room as recommended in a WHO document from
2009 [9]. As a minimum ventilation, the room air
should be exchanged 4 times per hour. With 12 ex-
changes per hour, transmissions become very unlikely
[91.

It is important that infected people are identified
early and that spreading of the virus is prevented. Self-
isolation is an adequate method for this purpose. Un-
fortunately, virus shedding is at its maximum before
the first symptoms arise and after COVID-19 recovery,
the time until the virus is no longer found in the nose
or throat, differs very much between people and can
take more than 1 month. Therefore, only a negative
PCR test or a high cycle number >30 in the PCR is be-
lieved to indicate that there is no significant transmis-
sion risk left. Unfortunately, the cut-off for the cycle
number depends on the test system (range 24-42 cy-
cles) and systematic investigations on the virus load
of the aerosols of infected patients are missing. In
the recovery phase of an infection, the PCR tests may
show ups and downs of the viral load of the swabs.
Therefore, two negative tests, on two different days
are necessary before the isolation measures are lifted.

If infected people need help by others, as is usual
in the hospital setting, and close contact cannot be
avoided, both the patient and the helper need face
masks and the room should be well ventilated, with
at least 4 air exchanges per hour.

SARS-CoV-2 mutations

Coronavirus species tend to mutate. Most muta-
tions are meaningless, as they provide no advantage
to the virus; however, if a certain mutation spreads
faster than others, and causes new outbreaks, it is
called a “new variant”. According to a recent con-
vention, the variants are numbered by means of the
Greek alphabet. The delta variant has been causing
the fourth COVID wave in Austria with a consid-
erable number of deaths, although much lower as
compared to the second wave. Currently the omi-
cron variant is spreading with very high speed in
many countries like the UK, the Netherlands, and
the USA, and will also soon be the leading cause
of new infections in Austria. The replication of
this variant in the body appears to be much faster
than in previous variants explaining higher virus
shedding and infection rates and shorter incuba-
tion times (https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_
data/file/1041896/15-december-2021-risk-assess
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Fig. 2 Pathophysiology of COVID-19 ARDS. In the de-
velopment of SARS-CoV2 infection, acute respiratory dis-
tress syndrome (ARDS) results from three major mechanisms,
inflammation, endothelial damage and immunothrombosis
[14-16]. This causes failure of gas exchange and systemic mi-
croembolisms that may mimic vasculitis [17]. CRP C-reactive
protein, IL-6 and IL-8 interleukin 6 and 8, MCP1 monocyte
chemoattractant protein 1, ACE2R angiotensin converting
enzyme 2 receptor, eNOS endothelial NO synthase

ment-for-SARS_Omicron_VOC-21NOV-01_B.1.1.529.
pdf). Unfortunately, the approved mRNA vaccines
[10] and the viral vector vaccine ChAdOx1 from Astra
Zeneca appear to provide incomplete protection from
the omicron variant. It appears that omicron causes
a milder course of disease; however, data are still not
considered robust enough for a clear statement.

Pathophysiology

Although a number of molecular and cellular mecha-
nisms of COVID-19 are clarified, many questions re-
main open. Coronavirus species have been known to
account for about 15% of the rhinitis cases over re-
cent years; however, the death rate has been very low.
The analysis of the 2002-2004 outbreak due to SARS-
CoV-1 with a high lethality, showed that SARS-CoV-1,
as compared to previous species, was able to enter the
cells of the recipient via the ACE2 (angiotensin con-
verting enzyme 2) receptor. SARS-CoV-2 also binds to
the ACE2 receptor, and this might represent an im-
portant mechanism contributing to the high lethal-
ity; however, there are alternative mechanisms of the
virus to enter the cells and in the lungs, and there is
a disconnect between the number of ACE2 expressing
cells and the number of virus copies within the cel-
lular landscape of the lungs [11, 12]. Moreover, there
is no plausible hypothesis to explain why binding of
SARS-CoV-2 to the ACE2 receptor should cause a dis-
ease that is characterized by severe endothelial dys-
function and even endothelial structural damage as
shown by electron microscopy [13].

As depicted in Fig. 2, in COVID-19 ARDS patients,
there is always a strong involvement of the pulmonary
endothelium, which can be induced in cultured hu-

man endothelial cells by circulating factors of COVID-
19 ARDS patients [14]. The pathological mechanisms
may involve immunothrombosis, characterized by the
involvement of monocytes, neutrophils and platelets
together with a large number of other factors in-
cluding v. Willebrand factor and IL-8 [15, 16]. It is
likely, that the embolization of pulmonary venous im-
munothrombosis into the systemic circulation causes
disseminated microvascular infarction in all organs,
partly mimicking systemic vasculitis [17].

Symptoms of COVID-19 ARDS

The only specific sign of COVID-19 ARDS is hypox-
emia. Unfortunately, due to hyperventilation with
decreased pCO2 values, many patients do not suf-
fer dyspnea despite significant and maybe even life-
threatening deoxygenation [18]. This mechanism cor-
responds to the early experiences with hot-air bal-
loons at very high altitude where healthy people died
from hypoxemia without feeling dyspnea [19]. There-
fore, infected persons with a risk for severe disease
should be equipped with a pulse oximeter and in-
structed in its use if they are outpatients and pulse
oximetry should be regularly performed in inpatients
with COVID-19 disease.

Management of COVID-19 ARDS

Patients with COVID-19 ARDS should be hospitalized
until unequivocal improvement of findings and symp-
toms. In hospital, they will be monitored for res-
piratory decompensation, other infections (pneumo-
nia, urinary tract infection etc.) and thromboembolic
events.

As depicted in Figs. 3 and 4, our decision points and
algorithm show, when patients should receive nasal
oxygen, high-flow nasal oxygen, non-invasive ventila-
tion via nasal of face mask or hood, or invasive ventila-
tion, depending on signs and symptoms, particularly
related to oxygenation and breathing rate.

Anticoagulation

As depicted in Table 1, in hospitalized patients with
non-critical COVID-19, therapeutic anticoagulation
with LMWH should be considered, except if they have
an increased bleeding risk or other contraindications.
There is moderate evidence for this after two recent
studies showing that therapeutic anticoagulation with
LMWH was superior to prophylactic anticoagulation
[21, 22]. In both studies the bleeding risk with ther-
apeutic anticoagulation was increased; however, this
was not significant and/or outweighed by the benefi-
cial effects of therapeutic LMWH. In the HEP-COVID
study, only patients with d-dimer above 4-fold up-
per limit of normal were included [22]. The ATTACC
study did not use such a strict inclusion criterion and
found less convincing beneficial effects; however, the
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Fig. 3 Guidance for the
identification of critically
il CAP patients during
the COVID-19 pandemic
(CAP as an emergency).
CAP community acquired
pneumonia.  (From Flick
et al. 2020 [20])
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v Daily evaluation of treatment goals/limitations based on comorbidities (curative vs. palliative)

authors calculated that in 1000 hospitalized patients,
therapeutic vs. prophylactic anticoagulation may save
40 lives on the expense of 7 major bleeding events
[21]. In contrast, in critically ill COVID-19 patients,
therapeutic anticoagulation was inferior to prophy-
lactic anticoagulation due to a higher complication
risk. This refers to two studies that found no superi-
ority for therapeutic anticoagulation in terms of the
primary endpoint but an increased bleeding rate [22,
23]. In critically ill patients it may be indicated to use
half-therapeutic anticoagulation, particularly if pa-
tients present with a high venous thromboembolism
(VTE) risk profile.

If hospitalized patients are discharged early, pro-
phylactic anticoagulation should be continued in the
outpatient setting to complete a total time of anti-
coagulation of minimum 7 days. Anticoagulation for
outpatients with COVID-19 is not recommended ac-
cording to the recent ERS guidelines [28].

Anti-infective therapy

As depicted in Table 2, antibiotic prophylaxis is not
recommended because the rate of opportunistic in-
fections in COVID-19 ARDS is low [29]; however, pri-

mary coinfections must be excluded at hospital ad-
mission in agreement with the S3 guidelines for com-
munity acquired pneumonia [30]. If antibiotic treat-
ment is indicated, the same dose and duration as in
patients without COVID-19 should be used. These
recommendations have been adapted from the Ger-
man S3 guidelines [25]. It is important to note that
the rate of nosocomial infections in severe COVID-
19 ARDS is high, particularly in immunocompromised
patients [31] but even in these patients the S3 COVID-
19 guidelines did not recommend antibacterial or an-
tifungal prophylaxis but a high level of awareness and
routine search for such superinfections.

Immunomodulatory therapy

The main evidence is depicted in Table 3. In an early
retrospective study from Wuhan, the application of
corticosteroids was associated with a better survival
[34]; however, this was also associated with a younger
age and higher levels of inflammatory markers. This
led to a controversial discussion about the pros and
cons of corticosteroids, based on mostly negative
studies with corticosteroids in influenza pneumonia.
In COVID-19 ARDS, several prospective studies were
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Fig. 4 Guidance for the respiratory management of severe SARS-CoV-2 ARDS. (Adapted from Flick et al. 2020 [20])

performed and finally a large randomized controlled
open-label study came to the conclusion that 6 mg
dexamethasone per day for up to 10 days, improves
survival of patients with progressive disease, who
need supplemental oxygen or non-invasive or inva-
sive ventilation [35]. The German S3 guidelines [25]
and the recent ERS guidelines [28] recommended this
treatment in this indication and we do not disagree;
however, there were rather negative effects in less
severe COVID-19 ARDS and therefore cortisone treat-
ment should not be given to outpatients and those
COVID-19 patients who do not deteriorate or need
supplemental oxygen.

Tocilizumab, an interleukin-6 (IL-6) antagonist
approved for rheumatoid arthritis, is of particular im-
portance because it received conditional recommen-
dations by the German S3 [25] and the ERS guidelines
[28]. The ASP has evaluated the evidence and com-
mented these guidelines (Flick et al. Positionspapier-
der-OeGP-zu-alL-6R-bei-COVID_final Mai2021_IC.
pdf [ogp.at]). There were two high-quality random-
ized controlled blinded studies which did not suggest
improved mortality with tocilizumab as compared
to placebo [43, 44] and there was a subgroup of
the RECOVERY study where 4116 patients were 2:1
randomized to tocilizumab and usual care. In this
latter study, the mortality was in favor of tocilizumab
(OR=0.85), relatively homogeneously distributed over
all subgroups. Also, several secondary endpoints were
in favor of tocilizumab [36]. Of note, this was an open-
label platform trial (not the highest quality standard)
and patients were only eligible if CRP was >75mg/L

and if there was no uncontrolled bacterial or fun-
gal infection. Based on these data, we agree with
the S3 and the ERS guidelines to give a conditional
recommendation for the use of tocilizumab (Table 3).

Anakinra, an interleukin-1 (IL-1) antagonist ap-
proved for rheumatoid arthritis, is also approved for
COVID-19 by the EMA. According to the Committee
for Medicinal Products for Human Use (CHMP) re-
view, a study involving 606 hospitalized adults with
moderate or severe COVID-19 pneumonia who had
soluble urokinase plasminogen activator receptor
(suPAR) levels of at least 6 ng/ml showed that anakinra
was effective at treating COVID-19 [45-47]. These pa-
tients received anakinra or placebo in addition to
standard of care. Standard of care for most patients
included low or high-flow oxygen and dexametha-
sone, and some also received remdesivir. The study
showed greater clinical symptom improvements in
patients treated with anakinra plus standard of care
compared with those who received placebo plus stan-
dard of care. Anakinra reduced the risk of a pa-
tient’s condition worsening to more severe disease
or death during the 28-day study period compared
with placebo. The treatment benefit of anakinra com-
pared to placebo was supported by an increase in
the number of patients who fully recovered and a re-
duction in the number of patients whose condition
worsened to severe respiratory failure or death; how-
ever, as the suPAR biomarker is not widely available,
this treatment concept is difficult to apply in clinical
practice.
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Table 1 Anticoagulation in COVID-19 patients

VTE risk
For which patient? Drug Dose Comment Reference
Standard  Outpatient - - No evidence for beneficial effects -
Hospitalized, non-critical, very LMWH/alternatively Fon-  Therapeutic Superiority vs. prophylactic dose ATTACC [21]
high d-dimer? daparinux HEP-COVID
[22]
Hospitalized, critically ill LWWHY/alternatively Fon-  Therapeutic No superiority vs. prophylactic dose; more ATTACC [23]
daparinux bleeding
Hospitalized LMWH/alternatively Fon-  Half therapeutic Inferiority vs. prophylactic dose [24]
daparinux
Elevated  Hospitalized with high VTE risk LMWH/alternatively Fon-  Half therapeutic For BMI >35, VTE history, D-dimer >2mg/L  [25]
daparinux
On ICU LMWH/alternatively Fon-  Therapeutic Detrimental effects [26]
daparinux
Acute VTE/ECMO LMWH/alternatively Fon-  Therapeutic According to guidelines for acute pulmonary  [27]
daparinux embolism
Renal failure UHF/alternatively Arga-  As indicated LMWH not approved -
troban

LMWH low molecular weight heparin, VTE venous thromboembolism, ECMO extracorporeal membrane oxygenation, BM/ body mass index, UHF unfractionated
heparin, /CUintensive care unit
aThe HEP-COVID study enrolled only patients with d-dimer values above 4-fold upper limit of normal [22]

Table 2 Anti-infective therapies in patients with acute SARS-CoV-2 infection
Anti-infective therapy

For which patient? Drug Dose and duration ~ Comment Reference

- Primary prophylaxis Antibiotic or antimycotic - Negative recommendations because no [25, 29]
or antiviral drugs evidence for benefit

Antibiotic/  Primary pulmonary coinfection Antibacterial or antimy-  According to CAP Treatment according to S3 CAP guidelines [30]
Antifungal  with bacteria, fungi or other virus cotic or antiviral drugs guidelines 2021
therapy Nosocomial infection including Antibacterial or antimy-  According to HAP Treatment according to HAP guidelines 2018 [32, 33]

aspergillosis cotic or antiviral drugs and aspergillosis and aspergillosis guidelines 2021

guidelines

Antibiotic and antifungal therapies are only indicated if bacterial or fungal infection is detected but not as prophylactic therapy
CAP community acquired pneumonia, HAP hospital acquired pneumonia, other infection, e.g. urosepsis

Table 3 Immunomodulatory therapies
Immunomodulatory therapy

For which patient? Drug Dose Comment Reference
Cortico- Sp02 <90%; BF Dexametha- ~ 6mg/day for Dexamethasone vs. control: 28-day mortality —2.8%, HR 0.83,  [25, 35]
steroids >30/min sone 10 days with strong effects in patients on stage 6 (HR 0.64) and moder-
ate effects in stage 4 (HR 0.82)
No need for oxygen Dexametha- 6 mg/day Rather detrimental effect in stages 1-3 [25, 35]
sone
Biologics High oxygen need but  Tocilizumab Ca. 8mg/kg BW, EMA approval for patients on oxygen or mechanical ventilation  [36], INN
not on MV max 800 mg, due to COVID-19 who are receiving systemic corticosteroids
once
Need for MV Tocilizumab Ca. 8mg/kg BW, No efficacy signal [25]
max 800 mg
Bacterial/fungal infec-  Tocilizumab = Contraindication =
tion
Need for oxygen with ~ Anakinra 100mg s.c., once EMA approval for COVID-19 patients on oxygen at high risk of ~ [37], INN
high risk for mechanical mechanical ventilation who present with SuPAR levels >6 ng/mL
ventilation
<72h hospitalized, up  Tofacitinib 10mg BID upto  Beneficial effects, few side effects [38]
to stage 4 14 days
Stage 4-7 Baricitinib 4mg 0D High quality studies with significant beneficial effects on im- [39-42], EMA
portant endpoints. EMA application for COVID-19 patients on homepage
oxygen

Stages 1-3, 4 and 6 relate to 8-point scale from WHO R&D blueprint [3]. Compare Fig. 1!
BF breathing frequency, MV mechanical ventilation, HR hazard ratio, EMA European Medical Agencies, SuPAR soluble urokinase-type plasminogen activator
receptor, BID bis in die, i.e. twice daily, 0D once daily
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Table 4 Antiviral therapies
Antiviral therapy

For which patient? Drug
Virustatics ~ Pre-hospital or need for oxygen or non-invasive Remdesivir
but not invasive ventilation (Veklury™)
Positive COVID-19 test results with no need for ~ Molnupiravir
oxygen who are at high risk for progression to (Lagevrio™)
severe COVID-19
Positive COVID-19 test results with mild-to- Nirmatrelvir/
moderate disease who are at high risk for pro-  ritonavir
gression to severe COVID-19 (Paxlovid™)
SARS-CoV-2 Moderate to severe ARDS Bamlamivimab
antibodies LY-CoV555
Positive COVID-19 test results with no need for ~ Casirivimab +
oxygen who are at high risk for progression to imdevimab (Ron-
severe COVID-19 apreve™)
Positive COVID-19 test results with no need for  Sotrovimab
oxygen who are at high risk for progression to (Xevudy™)
severe COVID-19
Positive COVID-19 test results with no need for  Regdanvimab
oxygen who are at high risk for progression to (Regkirona™)
severe COVID-19
- Convalescent
plasma
Other = Azithromycin
- Ivermectin
= Vitamin D 3

- Interferon beta

Post exposition and all tested stages Chloroquin/

hydroxy-chloro-

quin
With reference to AWMF S3 guidelines [25]

Dose Comment References

L.v. infusions for EMA approval based on one study with  [49, 50],

3 days hospitalized and one study with pre- INN
hospital patients

4 caps twice daily UK approval. EMA application. Can [61], EMA

(800 mg) BID for already be prescribed homepage

5 days

1 caps of each drug  FDA approval. EMA application. Can EMA home-

BID for 5 days already be prescribed page

- No efficacy signal [52]

n.a. Only surrogate endpoints [53]

1200mg s.c. once  Preventive approach. FDA approval and [54, 55],
IN

EMA approval N

500 mg iv once Preventive approach. FDA and EMA INN

approval

40mg/KG i.v. once  EMA approved INN

- Negative results [66-58]

- Negative results [59-62]

- Negative results [63-65]

- Negative results [66, 67]

- Negative results [68]

- Negative results [48, 69-72]

INN international nonproprietary name: official information on EMA-approved drugs

Baricitinib, a Janus kinase inhibitor approved for
rheumatoid arthritis and atopic dermatitis, has been
tested in two phase 11l randomized placebo-controlled
trials. In the first trial with 1033 patients, there was
a significant beneficial effect on recovery time [39], in
the other trial with 1525 patients, there was a signif-
icant reduction of mortality with baricitinib as com-
pared to placebo (HR 0.62, p=0.005) [40]. The quality
of both trials was high and beneficial effects appeared
substantial as compared to the adverse effects. Appli-
cation for approval was submitted at EMA. The CHMP
is in the review process for the indication COVID-19
ARDS with need for low-flow or high-flow oxygen (Ta-
ble 3).

There have been a large number of studies us-
ing other repurposed drugs to treat COVID-19. The
WHO Solidarity Trial, a parallel group randomized
controlled open-label trial, investigated remdesivir,
lopinavir, interferon, and hydroxychloroquine and
found no significant beneficial effects of any drug on
mortality, initiation of mechanical ventilation or hos-
pital duration [48]. There were multiple other studies
on other drugs and vitamin D3, which are summa-
rized in Table 3. All the respective recommendations
of the German S3 guidelines have been negative [25].

Antiviral therapies

Two major approaches have been applied to cause di-
rect antiviral effects: small interfering molecules with
virustatic properties like remdesivir, molnupiravir and
PF-07321332/ritonavir on the one hand and serum
from convalescent COVID-19 patients or monoclonal
antibodies against the spike protein. Except for conva-
lescent plasma, the other approaches have been EMA
approved or they are in review. All successful studies
have been performed in unvaccinated patients with
initiation of therapy in the first days after start of
symptoms (Table 4).

Remdesivir is applied as intravenous infusion for
3 days and received EMA approval after a study in
hospitalized COVID-19 patients [49] and a study in
non-hospitalized patients at risk of a severe disease
[50]; however, as already mentioned, in the Solidar-
ity Trial, remdesivir did not reduce the mortality rate
[48]. Molnupiravir (Lagevrio™) is applied as 4 cap-
sules (800mg) BID for 5 days and showed a signifi-
cant benefit in the combined endpoint, hospitaliza-
tion or death at day 29 with 6.8% vs. 9.7% in the
drug vs. placebo group. The most impressive result
was the reduced death rate with 1 vs. 9 patients [51].
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The EMA is currently evaluating the marketing au-
thorization application; however, this medicine can
already be used in the EU to treat COVID-19, after
EMA’s CHMP completed its review. For Paxlovid™,
a combination of PF-07321332 (nirmatrelvir) and ri-
tonavir, EMA has started a rolling review process after
a prospective study, showing a highly significant ben-
efit in the combined endpoint of hospitalization or
death at day 28, which was met by 1% vs. 7%. The
drug comes in capsules and is taken BID for 5 days. It
has been made available to the US population by the
Biden administration and it can also be prescribed
in Europe (positive CHMP assessment report and au-
thorization expected). Convalescent plasma from pa-
tients with a recent SARS-CoV-2 infection showed no
effects in severe (late) COVID-19 ARDS. Specific anti-
bodies against the SARS CoV-2 spike protein showed
significant beneficial effects; however, only in very
early and mostly prehospital patients (preventive ther-
apy). The combination of casirivimab and imdevimab
(Ronapreve™) has been approved by the FDA as Re-
gen-Cov™ and is now also approved by the EMA af-
ter positive studies [54]. Regdanvimab (Regkirona™)
is also approved by the EMA. It was developed by
the South Korean company Celltrion and is manufac-
tured in Hungary. It was tested in a large prospective
randomized study enrolling 1315 patients (80% Eu-
ropean) and met its primary endpoint, rate of death,
hospitalization or need of oxygen at day 28 with 3% vs.
11% in drug vs. placebo patients. It is easily available
in Austria. It is given as single i.v. infusion of diluted
drug at a dose of 40mg/kg. Sotrovimab (Xevudy™)
has also been approved by the EMA. It employed
a combined primary endpoint of death or hospital-
ization after 28 days in a study with 1057 patients,
where the endpoint was met by 1% vs. 6%. It is given
intravenously for 5 days. Evusheld™, a combination
of tixagevimab and cilgavimab, is currently in rolling
review by the EMA and not yet available.

In conclusion, virustatic therapies are very attrac-
tive; however, they are not arguments against vaccina-
tion. From a practical point of view, oral drugs (mol-
nupiravir and PF-07321332/ritonavir) are most impor-
tant, because they are needed by non-hospitalized pa-
tients who have no or mild symptoms and have just
been tested positive for COVID-19. All other drugs
need intravenous infusions which is more difficult in
the outpatient setting.

Intubation vs. non-invasive ventilatory support (NIV)

The German S3 guidelines [25] recommend that an
oxygenation index (OI) <150 mm Hg represents a con-
ditional indication for intubation and invasive ventila-
tion and OI <100 mm Hg represents an urgent indica-
tion. We agree with this recommendation and provide
an algorithm for the hospitalized patient (Fig. 4). The
advantage of intubation is that by means of filters in
the expiratory tube, there is no further contamina-

tion of the room with virus-laden aerosols; however,
reports from China and the USA reported mortality
rates of 60-80% for patients who were intubated and
mechanically ventilated. The advantage of non-inva-
sive ventilation is that the patient does not need deep
sedation, which is associated with much lower risk
of complications. The rationale to first try non-inva-
sive ventilation before intubation is discussed in detail
by Windisch et al. [73, 74]. The actual German data
confirm the published mortality of 22% for patients
with ventilatory support [25, 75]; however, the mor-
tality depends very much on the setting in which me-
chanical ventilation is started (particularly outside the
ICU), the clinical condition of the patient and the cri-
teria for admission to the ICU. Finally, the indication
for intubation is always based on clinical judgement
(exhaustion, ventilatory drive, level of consciousness).
It is very important to consider palliative care or ter-
minal comfort care in individual patients, based on
fragility, comorbidities or patients’ preferences. There
have been positive experiences with inclusion of pal-
liative care specialists in these difficult decisions [76].

Extracorporeal membrane oxygenation and lung
transplantation for COVID-19 ARDS

In patients with progredient respiratory failure de-
spite optimized mechanical ventilation, including
prone position, it may be indicated to initiate ECMO.
This avoids secondary damage to the lungs by high
oxygen levels and high ventilatory forces; however,
it is an unsolved question which patient is the right
candidate for this treatment [77].

Even more challenging is the question who to con-
sider for lung transplantation. There is a broad con-
sensus that lung transplantation should only be con-
sidered in COVID-19 ARDS patients with irreversible
lung damage, who fail to regenerate their native lungs
despite several weeks of ECMO [78]. Criteria to se-
lect eligible ARDS patients for lung transplantation
include: i) a negative virus status (virus culture or
PCR), ii) no clinical/radiological improvement despite
MV and/or ECMO support, iii) mono-organ failure,
iv) absence of severe extrapulmonary comorbidities
and v) a realistic potential for long-term recovery [79,
80]. The time period necessary to determine native
lung recovery has been a moving target throughout
the pandemic. Currently, a period of at least 6 weeks
on ECMO is recommended before a patient can be
listed for lung transplantation; however, a consider-
able number of COVID-19 ARDS patients develop re-
current bacterial superinfections/bacteremia, necro-
sis of large parts of the lungs, severe pulmonary or
pleural hemorrhage or recurrent tension pneumotho-
rax despite large bore drainage. All these clinical sce-
narios might warrant an earlier transplantation [81].

To date 22 COVID-19 ARDS patients have received
a lung transplantation in Austria, nearly all had a fa-
vorable short-term outcome. The majority of these
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patients could be successfully discharged from hos-
pital; however, data on long-term results are not yet
available.

Vaccination for SARS-CoV-2

Vaccination is by far the most effective measure to
prevent severe COVID-19 and death. According to
AGES, actually 90% of all COVID-19 cases are un-
vaccinated persons (https://www.ages.at/themen/
krankheitserreger/coronavirus/; by 23.10.2021). In
Austria, 4 vaccines have been marketed: mRNA vac-
cines by Biontech/Pfizer, and Moderna, and viral vec-
tor vaccines by Janssen and Astra Zeneca. Recently,
a protein-based vaccine, NVX-CoV2373 by Novavax,
has been recently approved by the EMA but has not
received market authorization in Austria. The CDC
provides the actual information on efficacy and ad-
verse effects (https://www.cdc.gov/coronavirus/2019-
ncov/vaccines/Your COVID-19 Vaccination | CDC). All
vaccines are efficacious, although the Astra Zeneca
vaccine showed no sufficient efficacy in the South
African variant. All products need 2 intramuscular
injections, 3-8 weeks apart. The Janssen product was
designed for a single vaccination; however, this ap-
pears to provide less protection as compared to the
other vaccines with 2 injections. Recent data suggest
that the Biontech/Pfizer vaccine is safe and very ef-
fective in children >12years old [82] and that it may
be safe and effective in pregnant women [83].

Actually, there is much discussion about break-
through infections. A recent study showed that with
the Biontech/Pfizer vaccine, such infections were rare
(2/417) and due to new variants [84]; however, the
actual rates of vaccinated people with new SARS-
CoV-2 infections have significantly increased and by
October 2021 reached 10% in Austria (https://www.
ages.at/themen/krankheitserreger/coronavirus/; by
23.10.2021). This has led to ‘Anwendungsempfehlun-
gen des Nationalen Impfgremiums’ of the Austrian
government (by 17.08.2021), recommending off-label
vaccination of people who have received a first vacci-
nation 6-9 months before and have an increased risk
for breakthrough infections or who are working in
the healthcare system (https://oegit.eu/wp-content/
uploads/2021/08/COVID-19-Impfungen: Anwen-
dungsempfehlungen des Nationalen Impfgremiums
(oegit.eu).

Adverse effects in the first 2 days after vaccination
are very common and include fever, muscle pain and
headache, but do not cause harm. Serious adverse
effects have developed later and they are very rare.
The Centers of Disease Control and Prevention (CDC)
posted to following warnings: “CDC has received
increased reports of myocarditis and pericarditis in
adolescents and young adults after COVID-19 vacci-
nation. The known and potential benefits of COVID-
19 vaccination outweigh the known and potential
risks, including the possible risk of myocarditis or

pericarditis. CDC continues to recommend COVID-
19 vaccination for anyone 12 years of age and older.
Johnson & Johnson’s Janssen (J&J/Janssen) COVID-
19 Vaccine: CDC and the FDA recommended that
use of (J&J/Janssen) COVID-19 Vaccine resume in
the United States, effective April 23, 2021. However,
women younger than 50 years old should especially be
aware of the rare risk of blood clots with low platelets
after vaccination. There are other COVID-19 vaccines
available for which this risk has not been seen.”

The Astra Zeneca vaccine has also been associ-
ated with rare blood clots (cerebral vein thrombosis)
and with thrombocytopenia, which is caused by au-
toantibodies against platelet factor 4. Greinacher
et al. [85] reported 11 patients from Germany and
Austria, n=9 female, mean age 36 years (22 years
to 49 years old), who had received the Astra Zeneca
vaccine 5-16 days before the first symptom, but no
heparin. The most common event was cerebral ve-
nous thrombosis (n=9) and finally 6/11 patients died.
The underlying mechanism appears to be similar
to heparin-induced thrombocytopenia [85-88] and
has been termed vaccine-induced prothrombotic im-
mune thrombocytopenia (VIPIT) in a guideline state-
ment published by the Society for Thrombosis and
Hemostasis Research (GTH) [89]. This statement gives
recommendations for diagnosis and treatment of this
rare complication, e.g. that the adequate treatment of
VIPIT is administration of high-dose immunoglobu-
lins (1g/kg BW) on 2 consecutive days.

Pediatric pulmonology

The incidence of SARS-CoV-2 infection in children
and adolescents is lower than in adults (HR 0.56) [90].
Children have lower viral loads than adults [91] which
may explain that transmission by children tends to be
lower than by adults, although reports about trans-
mission rates are heterogeneous [92]. A study from In-
dia suggested that the majority of transmissions from
children occur between age 12 and 18 years [93]. Be-
cause children are often asymptomatic after SARS-
CoV-2 infection, the number of transmissions from
children may be underestimated. There are several
hypotheses why children have a lower COVID-19 mor-
bidity: a stronger immune response [94], a different
microbiome, lower density of ACE2 receptors and less
comorbid conditions [95].

The COVID-19 symptoms are very heterogeneous
among children and adolescents ranging from asymp-
tomatic to life-threatening disease. The most fre-
quent symptoms are fever, cough, and gastrointesti-
nal symptoms. The incidence of severe COVID-19
disease in Europe is not known; however, in the USA
the rate of infected children admitted to hospital was
1.0-1.3%, to the ICU it was 0.1% and the mortality was
far below 0.1% [96]. Adolescents were more affected
than small children.
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A total of 582 children from a multicenter European
network with severe COVID-19 in subjects <18years
old were analyzed. The mean age was 5years, the
m:f ratio was 1.15, with pre-existing medical condi-
tions in 25%. Of these children, 63% were admitted
to hospital, 8% to the ICU, and 4% required mechani-
cal ventilation. The overall fatality rate was 0.7% [97].
Among the factors associated with an increased risk
for severe COVID-19, concomitant viral infections and
lymphopenia were identified [98].

An ERS study based on a questionnaire sent to spe-
cialists for pediatric pulmonology, analyzed data from
945 children with pulmonary comorbidities, stratified
as asthma, cystic fibrosis (CF), bronchopulmonary
dysplasia (BPD), and other diseases. It showed that
only BPD and other diseases were associated with
severe COVID-19 [99]. There was no evidence that
asthma or CF increase the risk for severe COVID-19.
There is an online European registry about COVID-19
in CF patients, showing that the COVID-19 mortality
among CF patients is small (1459 registered patients,
17 deaths as of 21.05.2021) [100].

In the daily routine in pediatric pulmonology, it is
a challenge that there are often false or correct posi-
tive SARS-CoV-2 tests, where the true cause of symp-
toms is something else. A survey from Graz found just
10 positive cases among 1100 admissions to the pedi-
atric emergency room [101]. Another challenge is that
there is no authorization for vaccination in children
<12years.

The most common severe course of COVID-19 in
children represents pediatric inflammatory multi-
system syndrome, temporally associated with SARS-
CoV-2 (PIMS-TS) or multisystem inflammatory syn-
drome in children (MIS-C). Both terms have been
used synonymously, however, with no homogeneous
definitions [102, 103]. In a study of 953 cases, the
median age was 8years, and male gender (59%) and
ethnic minorities (black) (37%) were overrepresented.
Obesity was found in 25% but other comorbidities
were rare. The disease was characterized by fever
(100%), gastrointestinal symptoms (85%), cardiocir-
culatory manifestations (79%), increased inflamma-
tory biomarkers and 50% presented with respiratory
symptoms. Over half of patients (56%) presented with
shock and the majority (73%) needed intensive care
treatment, including ECMO in 4%. Despite severe
disease, mortality was low (2%) [103]. Therapies like
immunoglobulins, high-dose aspirin, and cortisone
have been used. Two recent studies compared im-
munoglobulins vs. cortisone and the combination
of both approaches. It appears that the effects of
immunoglobulins and cortisone are equivalent [104]
and that the combination might be more effective
than immunoglobulins alone [105]. The disease is
reminiscent of Kawasaki disease; however, cardiac
involvement is more diffuse, is probably caused by
a cytokine storm and has a better prognosis [106].

In summary, so far the prevailing impression has
been that children suffer more from sequelae of the
lock-down, deprivation from education and culture,
social isolation, reduced exercise training, prolonged
screen-time and the economic consequences of the
pandemic than from the disease itself.

Sleep medicine

The COVID-19 pandemic has affected both insom-
nia and sleep-associated breathing disorders, like ob-
structive sleep apnea syndrome (OSAS), central sleep
apnea syndrome (CSAS) and the combined forms.

According to a recent meta-analysis [107], the in-
cidence of insomnia has significantly increased dur-
ing the pandemic. The COVID-19 patients suffer from
insomnia in 75% of cases. This may be explained by
cough, fever, isolation, fears, and dyspnea. During the
pandemic, also health professionals suffered more of-
ten from insomnia (36%) than the general population
(32%). In long COVID patients (see below), insomnia
is one of the severe problems (21%) [108].

The risk for severe COVID-19 and death is increased
in sleep apnea [109] because obesity, arterial hyper-
tension and heart failure are important risk factors
for both sleep apnea and severe COVID-19. In addi-
tion, the CORONADO study showed that in diabetic
patients, OSAS is an independent risk factor for se-
vere COVID-19 [110]. This explains why 21-28% of
severe COVID-19 patients had also severe sleep apnea
syndrome [111, 112].

The OSAS is often treated with a continuous posi-
tive airway pressure (CPAP) device which is adapted
in a diagnostic and/or therapeutic overnight stay in
a sleep laboratory. During the lock-down, in Austria
about 80% of the sleep laboratories were closed. This
has caused delays in the diagnostics and therapy of
the disease. Indeed, CPAP therapy may cause room
contamination with virus-loaden aerosols, increasing
the risk of contamination of relatives and health per-
sonal [113]. This has caused treatment cessation in
many cases.

The therapy indications have not changed due to
the pandemic but the case management has changed.
During the pandemic, telemedicine has become an
important tool in the management of patients and
this kind of management has considerably improved
due to the pandemic. A French study even found that
during the pandemic, the compliance with CPAP ther-
apy increased significantly [114].

All patients with insomnia and sleep apnea should
get vaccinated against SARS-CoV-2 and all patients
with significant sleep apnea syndrome should con-
tinue their therapy during the pandemic and during
acute COVID-19. Diagnostics including sleep labora-
tory, should be continued during the pandemic.
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Asthma

In a large association study from the UK including
17 million NHS primary care patients, over 10,000
COVID-19 deaths were analyzed. There was no sig-
nificant association between asthma and COVID-19
death, except for patients on oral corticosteroids [115].
Systematic reviews did not detect a clear increase or
decrease in risk [116]. Within asthma patients, peo-
ple with comorbid COPD and people with non-allergic
(compared to allergic) asthma appear more vulnerable
to worse outcomes and among these there is a male
preponderance (64%) and high incidence of smoking
(62%) [117].

Inhaled corticosteroids: inhaled corticosteroid
(ICS) use does not appear as risk factor for severe
COVID-19, although data on medication use is diffi-
cult to interpret. One mechanism of virus entry into
target cells is binding to the ACE2 receptor (ACR2R)
and TMPRSS2 (another receptor). A study analyzing
the expression of ACE2R and TMPRSS2 RNA in cells
from induced sputum found no differences between
asthma patients and healthy controls, however, low-
ered expressions in asthma patients on high-dose ICS
[118]. This could mean that ICS therapy represents
a protective factor for severe COVID-19 ARDS. There
are two open-label studies from the UK, suggest-
ing protective effects of inhaled budesonide in the
early phase of SARS-CoV-2 infection, independent
of asthma [119, 120]; however, these data are diffi-
cult to interpret and might be subject to bias. There
is a German/Austrian statement recommending the
continuation of ICS therapy in asthma patients dur-
ing COVID-19 (Idzko et al. Glukokortikoide-Covid19-
STOIC-Studie_04-2021_IC.pdf (ogp.at)).

Biologicals: a recent analysis from a large Israeli
database suggested that biologics are not associated
with COVID-19 incidence and outcome and also oral
corticosteroids are not associated with COVID-19 in-
cidence; however, with significantly worse outcome
[121]. There is a statement of Austrian Society for
Allergology and Immunology (OGAI) and ASP, rec-
ommending the continuation of therapy of severe
asthma with biologicals in case of SARS-CoV-2 in-
fection (https://www.ogp.at/biologika-therapie-und-
sars-cov2-covid-19/).

Asthma medications should be maintained or in-
tensified to attain a controlled asthma state. This ap-
plies to all asthma medications including ICS and bi-
ologics. Oral or parenteral corticosteroids should be
avoided in the long-term maintenance therapy.

Vaccination: in a statement of DGP and OGP, for
patients on biologicals for severe asthma, COVID-19
vaccination has been recommended (https://www.
thieme-connect.com/products/ejournals/abstract/
10.1055/a-1373-9381). There were few reports of
asthma exacerbations in response to COVID-19 vac-
cination, in uncontrolled asthma, however, the risk
of vaccination appears smaller than the benefits. Be-

fore vaccination against SARS-CoV-2, asthma therapy
should be evaluated by a pneumologist or experi-
enced general physician and adapted, if necessary.

COPD

A large NHS association study found an increased
COVID-19 mortality for respiratory diseases exclud-
ing asthma by 63%, even after correction for all co-
variates [115], suggesting that COPD represents an in-
dependent risk factor for severe COVID-19. A recent
UK biobank analysis including 430,000 patients found
that the risk for severe COVID-19 was increased by
both COPD (37%) and an intermediate and strong ge-
netic risk (34% and 50%). If COPD and the strong ge-
netic risk were combined, the risk for severe COVID-
19 was increased by 105% [122]. The probable causes
for increased COVID-19 mortality in COPD patients
are pre-existing lung function and diffusion limitation,
pulmonary endothelial dysfunction, and possibly el-
evated lung tissue expression of ACE2 receptor, and
other factors that may facilitate virus entry in cells
[123, 124]. There was no significant association be-
tween inhaled corticosteroid use and COVID-19 sever-
ity or death [125]. Interestingly, during the lock-down
in the USA, COPD admissions were reduced by half,
probably due to reduced seasonal respiratory virus in-
fections [126].

COVID-19 patients with COPD should receive opti-
mized inhaled COPD therapy and we recommend that
such patients, independent of stage, are vaccinated
against COVID-19.

Lung cancer

According to the NHS association study, cancer (ex-
cluding hematologic malignancies) is associated with
an increased COVID-19 mortality after correction for
co-variates, by 72% [115]. This may be explained by
the fact that many patients suffer from wasting of im-
munologic defense mechanisms by the disease itself
and due to anti-cancer therapies. In addition, reluc-
tance to ICU admission may contribute to this result.

We recommend that chemotherapy, radiotherapy
and other immunosuppressive therapy should be
halted during acute COVID-19 disease. There is un-
certainty about PD-L1 and PD-1 based therapies.
They have been well tolerated [127] but also associ-
ated with exaggerated pneumonitis [128].

Cancer patients should be vaccinated against
COVID-19 as early as possible. They may need booster
vaccinations earlier than other people.

Interstitial lung disease

Interstitial lung diseases (ILD) comprise many differ-
ent entities with acute and chronic courses and differ-
ent therapeutic concepts, depending on the specific
diagnosis.
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COVID-19 pneumonia may cause long-term and
eventually even irreversible ILD. A study from Inns-
bruck found lung parenchymal abnormalities in
62% of the patients, 12 weeks post-COVID [129].
A prospective follow-up study by Myall et al. found
signs of organizing pneumonia in about 5% of cases
after 6 weeks, with a remarkable response of DLCO
and vital capacity (VC) to a pulsed corticosteroid ther-
apy over 3 weeks starting with 10-35mg/day [130].
This suggests that such a therapy should be con-
sidered if 6 weeks post-COVID the patient presents
with functional changes and ground glass opacities
or organizing pneumonia in the chest CT; however,
the evidence is limited because there was no con-
trol group. A recommendation is not possible as no
long-term data are available. The role of antifibrotic
therapies like pirfenidone and nintedanib to prevent
post-COVID-19 ILD is addressed in ongoing studies
(NINTECOR and ENDCOV-I).

Patients with interstitial lung disease (ILD) have an
increased risk for severe COVID-19 ARDS. Accord-
ing to Esposito et al. COVID-19 patients with ILD vs.
matched controls without ILD had a mortality rate of
33% vs. 13% [131]. This was confirmed by Drake et al.
who found a HR of 1.6 vs. matched controls. In the
most common subgroup, idiopathic pulmonary fibro-
sis (IPF), the HR was even 1.74 [132]. This may be ex-
plained by the fact that ILD patients have pre-existing
restriction of the lungs, reduced gas exchange capac-
ity, need for supplemental oxygen, and immunosup-
pressive treatment. In addition, IPF patients typically
present at an advanced age >65years and are predom-
inantly male.

ILD patients should try everything to avoid a SARS-
CoV-2 infection. This also relates to measures in the
clinic where the staff should be immunized (vacci-
nated and/or recovered from infection). Contacts with
other patients should be avoided by adaptation of the
time schedule to minimize waiting and contact times.
Telemonitoring (videochats) may be helpful to avoid
some of the direct contacts.

Practical considerations:

In the case of contact with an infected subject or in
case of a deterioration of gas exchange, a SARS-CoV-2
PCR should be performed without delay. If positive,
a preventive treatment (e.g. casirivimab-imdevimab)
should be considered. The management of a SARS-
CoV-2 infection in an ILD patient principally agrees
to the common recommendations for other patients
(Figs. 3 and 4).

Along-term immunosuppressive therapy should be
continued as well as an antifibrotic therapy. In the
case of a recently started or just planned immunosup-
pressive therapy, an individual decision is necessary.
It is recommended to use a shared decision-making
to find the best option for the given situation.

All ILD patients should be vaccinated against SARS-
CoV-2. There is no argument against, because the
risks of the disease are far greater than the risks of

the vaccination, also in case of immunosuppressive
treatment.

Pulmonary hypertension

In the large COVID-19 databases, pulmonary hyper-
tension (PH) has not been evaluated. A recent PH care
survey of 1073 PH patients from 52 countries world-
wide found that COVID-19 related events were re-
ported in only 1% of the survey responders; however,
8% reported health deterioration, 4% hospitalization
for PH, 11% reported difficulties to access their PH ex-
pert center, and 3% interruption of treatment due to
shortage of medication. Anxiety or depression was re-
ported by 67% of the participants [133]. This suggests
that the lock-down and its associated problems af-
fected the PH community more than COVID-19 itself.
A late breaking poster at the recent ERS conference
reported about 211 PH patients in France with acute
SARS-CoV-2 infection [134]. The overall mortality was
25%. In the subgroups of patients there were striking
differences in the mortality. Female vs. male mortality
was 15% vs. 36%, never smokers vs. former smoker
mortality was 12% vs. 40%. Mortality was very high
among patients with pre-existing lung, heart and/or
kidney disease, low DLCO and/or low 6 min walking
distance.

None of the PAH therapies have been associated
with COVID-19 outcomes. We recommend that pa-
tients receive their regular medication and that they
are seen in regular intervals in their expert centers.

All PH patients should be vaccinated against SARS-
CoV-2 as soon as possible.

Post-COVID syndrome/long COVID

The definitions of post-COVID syndrome and long
COVID are just related to the time after an acute SARS-
CoV-2 infection and not to any clinical features [135].
We distinguish:

o the acute phase of COVID-19, which may last up to
4 weeks,

e COVID-19 associated symptoms up to 12 weeks af-
ter infection, and

e post-COVID syndrome with complaints for more
than 12 weeks after infection.

Long COVID is a patient-derived term that includes
symptoms lasting for more than 4 weeks.

The pathologic mechanisms underlying long COVID
are not known, but it appears they are heterogeneous
and multifactorial: 1) persisting SARS-CoV-2 virus or
virus components, 2) tissue damage and 3) persisting
inflammation have been discussed in the literature
[136].

In daily practice it makes sense to distinguish be-
tween symptoms due to inflammation, due to tissue
or organ damage and sequelae of hospitalization in-
cluding sarcopenia and social isolation. For example,
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pulmonary embolism may cause long-term effects like
dyspnea, that have extensively been discussed in the
literature. Therefore, in such a case, a new patholog-
ical mechanism, specific for COVID-19 appears un-
likely.

Simple laboratory investigations may uncover treat-
able causes, e.g. of fatigue—anemia, vitamin D deficit,
hypothyroidism, cortisol deficit, chronic renal insuf-
ficiency. A screening for all these diseases should be
done in long COVID patients with predominant fa-
tigue.

The S1 guidelines (point of care tool) for diagnostics
and therapy of long COVID in cooperation between
several Austrian medical societies including ASP, have
recently been launched [5].

Functional scoring of long COVID

Klok et al. have published a post-COVID functional
score (PCFS) that has been validated for post-COVID
patients [137]. In grade 0, patients are free of symp-
toms, in grade 1 they have symptoms but can cope
with all activities of daily life, in grade 2 they avoid
some of these activities due to symptoms, in grade 3
they are unable to do some of these activities, and in
grade 4 they are no longer able to cope with daily life
and need regular care. This simple scale is suitable
for both the initial assessment and the follow-up. For
details see [137].

We recommend inviting patients with a PCFS =2 to
undergo multidisciplinary diagnostics and eventually
rehabilitation.

Rehabilitation for long COVID

The WHO distinguishes 4 phases of rehabilitation:

e Phase 1: mobilization in hospital. In Austria we can
choose between outpatient and inpatient rehabili-
tation

e Phase 2: either 3 weeks inpatient or 6 weeks outpa-
tient rehabilitation

e Phase 3: follow-up treatment, outpatient rehabilita-
tion for 6-12 months for patients with severe limita-
tions

e Phase 4: consolidation of the rehabilitation by inte-
gration of the training into daily life

Dyspnea on exertion and/or fatigue belong to the
common complaints of long COVID patients. There
are already some studies showing safety and remark-
able efficacy of cardiopulmonary rehabilitation in this
indication [138-140], although randomized controlled
studies are missing. Before starting a rehabilitation
program, extensive diagnostics are necessary to ex-
clude coronary heart disease, myocarditis, pulmonary
embolism, and disturbances of lung function or gas
exchange [141]. All these diseases necessitate spe-
cial diagnostics and treatment and rehabilitation is
secondary to that.

Patients with PCFS =2 who are able and interested,
should be offered ambulatory rehabilitation to recon-
stitute their functional limitations.

Ambulatory rehabilitation includes:

cardiorespiratory physiotherapy

ergotherapy

psychotherapy, neuropsychology and/or
speech therapy including swallowing training

If ambulatory therapy is not sufficient, multimodal or
inpatient rehabilitation should be considered. This
agrees with the German AWMF guidelines [142].

If the pneumologic, neurologic and cardiologic
limitations are predominant, a specific rehabilitation
should be prescribed.

For neurologic, psychotherapeutic, psychiatric and
logopedic rehabilitation we refer to the recent S-1
guidelines [5].

Bronchoscopy

Bronchoscopy represents a relatively high risk for
contamination of nursing staff and physicians. Both
droplets and aerosols may cause contaminations.
Other ways of contamination are unlikely if usual
hygienic standards are applied.

Practical considerations:

All personnel should be vaccinated against SARS-
CoV-2, FFP-2 masks should be worn by both person-
nel and patients, whenever possible.

Room ventilation should be sufficient (at least 4 ex-
changes per hour) to avoid contamination by aerosols.

Pulmonary function test

Pulmonary function test, diffusion capacity, blood gas
analysis, and exercise tests are done in close contact
between technicians and patients.

Practical considerations:

For all tests of exhaled air and air flow, filters in the
expiratory tube should be used to avoid contamina-
tion of the room and of the diagnostic devices. This
applies to all tests except spiroergometry where this is
not suitable for technical reasons.

The instructions for breathing maneuvers should
be given by means of microphones and speakers to
avoid direct contamination by droplets.

When arterial or arterialized blood gases are taken,
both patient and technician should wear a FFP-2 mask
over mouth and nose.

The investigation room and the waiting areas
should be well-ventilated to avoid contamination
by aerosols.

Respiratory nursing

Caring for COVID-19 patients and those with suspi-
cion for COVID-19 and their different comorbidities
is a big challenge. There have been difficult situations
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due to outbreaks, room limitation, missing ventilation
of the rooms, isolation of patients, false positive and
false negative SARS-CoV-2 diagnostics, and the inter-
ference by health authorities with frequently changing
regulations.

It belongs to the duties of the nursing staff to ad-
here to the regulations of the authorities. The aim is
to prevent infections of the personnel and infections
of other patients. In the clinical setting, nursing staff
are used to adhere to high hygiene standards; how-
ever, COVID-19 added some new aspects which have
otherwise only been used in the care of tuberculo-
sis patients. Infected patients, ideally, should keep
a distance of at least 2m from other people, and wear
FFP-2 masks; however, a number of patients are too
sick to wear the mask when the nursing staff directly
works on these patients with tight contact.

Therefore, special rules have been implemented by
the authorities. The nursing staff must wear a tight
FFP-2 mask over mouth and nose, a face shield,
gloves, and a whole-body suit, when patients are
approached, even if the nursing staff have been vac-
cinated or recovered from infection. Hands must be
disinfected before putting the gloves on and after
taking them off. It has turned out that these pro-
tection measures are very exhausting and cannot be
sustained for more than 3-4h per shift. There is no
evidence about the protective value of any of these
measures.

Only fully trained personel should participate in the
care for acute COVID-19 patients. Unfortunately, pro-
tection from aerosols by sufficient ventilation of the
rooms, where COVID-19 patients are cohorted, is of-
ten not sufficient. Technical devices for aerosol clear-
ance (air filter devices or continuous air exchange in-
stallations) have often been missing.

The nursing staff are responsible for managing the
visitors of patients. There have been very strict reg-
ulations, including prohibition of visits or reduction
to one visit per patient per day with a maximum stay
of 15min and it may happen that visitors or patients
argue with the staff about these regulations or simply
do not adhere.

These regulations cause social and emotional isola-
tion and secondary problems for COVID-19 patients.
Many patients have difficulties with decisions to make
about invasive therapies or diagnostics in a critical
situation, they suffer from psychological, social and
spiritual stress. These problems are particularly bad
if dementia or anxiety disorders is present. Many pa-
tients would profit from more intensive contact with
their relatives. This causes a dilemma between isola-
tion as necessary measure and its adverse effects. This
has been described as the core conflict of the actual
situation by German Ethics Council [143]. We recom-
mend that visits are more freely allowed, as long as
there is no new local corona outbreak that necessi-
tates strict isolation of the patients.

In the end-of-life situation, in Austrian hospitals,
visits have been allowed more freely; however, there
is need to better define in which situation the iso-
lation rules are to be lifted. Some guidance for these
difficult issues has been provided by Bundesarbeitsge-
meinschaft der Seniorenorganisationen (BAGSO) and
Dachverband Hospiz Osterreich [144-147].

Cardiopulmonary physiotherapy

Cardiorespiratory physiotherapy interventions in-
clude airway clearance techniques, inspiratory mus-
cle training, lung volume recruitment, positioning
and early rehabilitation. Referral to physiotherapy
interventions in patients with suspected or confirmed
acute COVID-19 should be based on an individualized
case-by-case analysis in order to avoid unnecessary
contact with contagious patients [148-150]. As many
cardiorespiratory physiotherapy techniques generate
more aerosols than usual, full personal protective
equipment and room ventilation is recommended
during physiotherapy sessions.

Chest physiotherapy techniques mainly aim at re-
moving airway secretions from the respiratory tract.
Patients with mild forms of COVID-19 usually do
not develop increased amounts of mucus, but rather
present with dry, unproductive cough. There is cur-
rently no evidence for prophylactic chest physio-
therapy interventions in patients with mild forms of
COVID-19 [148]. Routine chest physiotherapy is there-
fore not indicated in these patients. In patients with
certain comorbidities (e.g. COPD, asthma), airway
clearance techniques may be necessary. In this case,
correct cough and sneezing etiquette should be in-
structed to the patient prior to starting any respiratory
physiotherapy intervention.

Practical considerations:

It has been shown that inhalation with physiologic
saline may reduce aerosol production by about 70%
for about 1h [8]. Therefore, before the physiother-
apist enters the room, the patient should have in-
haled physiologic saline for some minutes, possibly
with open windows to provide a fully ventilated room
with low aerosol concentrations.

Chest physiotherapy should be preferably under-
taken with single patient use devices only. If the use
of other devices (e.g. mechanical insufflation-exsuf-
flation) is indicated, hygiene precautions and ade-
quate sterilization of those need to be guaranteed at
all times.

Respiratory muscle training is not deemed neces-
sary in patients with acute mild forms of COVID-19
as respiratory muscle weakness is not expected in this
cohort. Some patients with mild to moderate forms of
COVID-19 may be prescribed inhaled corticosteroids
or bronchodilators. Physiotherapists may contribute
by instructing the patients how to use their inhalers
correctly to improve particle deposition.
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In patients with severe COVID-19 ARDS, who re-
quire admission to the ICU and mechanical ventila-
tion, mucus retention may occur due to prolonged
intubation, ineffective cough and bacterial coinfec-
tions. In these cases, airway clearance techniques may
help in reducing further damage to the lungs. There
is currently a lack of evidence on the effectiveness
of specific airway clearance techniques in patients
with COVID-19. Therefore, no recommendations on
which technique to use can be made [149]. Tech-
niques which are highly aerosol-generating should
be avoided if possible [150]. Those include all tech-
niques that require disconnection of the ventilator
circuit (e.g. manual hyperinflation, mechanical insuf-
flation-exsufflation, positive expiratory pressure).

The routine use of nebulized mucolytic agents (e.g.
hypertonic saline) is not recommended, but if nec-
essary, they should be applied by means of closed-
circuit nebulizers. Closed-circuit endotracheal suc-
tioning should be used instead of open endotracheal
suctioning.

Physiotherapists participate in positioning ICU pa-
tients with COVID-19 to optimize matching of the lo-
coregional perfusion to the respective ventilation, im-
prove pulmonary gas exchange and facilitate mechan-
ical ventilation. This includes prone positioning, in-
termittent lateral positioning and tilting. Prone posi-
tioning of awake patients with HFNC or NIV has gath-
ered increased interest since the start of the COVID-
19 pandemic [151]. Awake prone positioning can re-
duce the risk of intubation and should therefore be
instructed to the patient, if possible.

Early mobilization and rehabilitation (e.g. sitting
on the edge of bed, standing practice, in-bed cycling,
neuromuscular electrostimulation) are recommended
to reduce the risk of developing ICU-acquired weak-
ness and long-term morbidity (long COVID), espe-
cially in patients with prolonged duration of mechan-
ical ventilation [151].

Funding Open access funding provided by Medical University
of Graz.

Conflict of interest H. Flick: advisory boards and presenta-
tions on COVID-19 for Boehringer-Ingelheim. H. Olschewski,
E. Eber, B. Bucher, K. Hackner, S. Handzhiev, K. Hoetzenecker,
M. Idzko, W. Klepetko, G. Kovacs, B. Lamprecht, J. Loffler-
Ragg, M. Meilinger, A. Miiller, C. Prior, O. Schindler, H. T4ubl,
A. Zacharasiewicz, R.H. Zwick, B.-M. Arns, J. Bolitschek,
K. Cima, E. Gingrich, M. Hochmair, E Horak, P. Jaksch,
R. Kropfmiiller, A. Pfleger, B. Puchner, C. Puelacher, P. Ro-
driguez, H.J.E Salzer, P. Schenk, I. Stelzmiiller, V. Strenger,
M. Urban, M. Wagner and E Wimberger declare that they
have no competing interests.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article

areincluded in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ellinghaus D, Degenhardt E Bujanda L, Buti M, Albillos A,
Invernizzi P, et al. Genomewide association study of
severe Covid-19 with respiratory failure. N Engl J] Med.
2020;383(16):1522-34.

2. UmnuaypornlertA, KanchanasurakitS, Lucero-Prisno DEI,
Saokaew S. Smoking and risk of negative outcomes among
COVID-19 patients: asystematic review and meta-analysis.
TobInducDis. 2021;19:9.

3. WHO. WHO R&D blueprint novel Coronavirus, COVID-
19, therapeutic trial synopsis. 2020. https://www.
who.int/blueprint/priority-diseases/key-action/ COVID-
19_Treatment_Trial Design_Master_Protocol_synopsis_
Final_18022020.pdf?ua=1. Accessed 10Jan2022.

4. Nasserie T, Hittle M, Goodman SN. Assessment of the fre-
quency and variety of persistent symptoms among patients
with COVID-19: a systematic review. JAMA Netw Open.
2021;4(5):e2111417.

5. RabadyS, Altenberger], Brose M, Denk-Linnert DM, FertlE,
Gotzinger F et al. [Guideline S1: Long COVID: Diag-
nostics and treatment strategies]. Wien Klin Wochenschr.
2021;133(Suppl 7):237-78.

6. QianH, Miao T, Liu L, ZhengX, Luo D, Li Y. Indoor transmis-
sion of SARS-CoV-2. IndoorAir. 2021;31(3):639-45.

7.Richard M, Kok A, de Meulder D, Bestebroer TM,
Lamers MM, Okba NMA, et al. SARS-CoV-2 is trans-
mitted via contact and via the air between ferrets. Nat
Commun. 2020;11(1):3496.

8. Scheuch G. Breathingis enough: for the spread of influenza
virus and SARS-CoV-2 by breathing only. J Aerosol Med
Pulm DrugDeliv. 2020;33(4):230-4.

9. Atkinson J, Chartier Y, Pessoa-Silva CL, Jensen B, Li Y,
Seto WH. Natural ventilation forinfection controlin health-
caresettings. : WHO; 2009.

10. Thompson MG, Burgess JL, Naleway AL, Tyner H, Yoon SK,
Meece], etal. Prevention and attenuation of Covid-19 with
the BNT162b2 and mRNA-1273 vaccines. N Engl ] Med.
2021;385(4):320-9.

11. ZhengB, YuanM, Ma Q, WangS, TanY,XuY, etal. Landscape
of SARS-CoV-2 spike protein-interacting cells in human
tissues. IntImmunopharmacol. 2021;95:107567.

12. Delorey TM, Ziegler CGK, Heimberg G, Normand R,
Yang Y, Segerstolpe A, et al. COVID-19 tissue atlases re-
veal SARS-CoV-2 pathology and cellular targets. Nature.
2021;595(7865):107-13.

13. AckermannM, Verleden SE, Kuehnel M, Haverich A, Welte T,
Laenger E etal. Pulmonaryvascular endothelialitis, throm-
bosis, and angiogenesis in Covid-19. N Engl ] Med.
2020;383(2):120-8.

14. Rauch A, Dupont A, Goutay J, Caplan M, Staessens S,
Moussa M, et al. Endotheliopathy is induced by plasma
from criticallyill patients and associated with organ failure
insevere COVID-19. Circulation. 2020;142(19):1881-4.

15. Bonaventura A, Vecchié A, Dagna L, Martinod K, Dixon DL,
Van Tassell BW, et al. Endothelial dysfunction and
immunothrombosis as key pathogenic mechanisms in
COVID-19. NatRevIimmunol. 2021;21(5):319-29.

414 Management of patients with SARS-CoV-2 infections with focus on patients with chronic lung diseases (as. ..

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://www.who.int/blueprint/priority-diseases/key-action/COVID-19_Treatment_Trial_Design_Master_Protocol_synopsis_Final_18022020.pdf?ua=1
https://www.who.int/blueprint/priority-diseases/key-action/COVID-19_Treatment_Trial_Design_Master_Protocol_synopsis_Final_18022020.pdf?ua=1
https://www.who.int/blueprint/priority-diseases/key-action/COVID-19_Treatment_Trial_Design_Master_Protocol_synopsis_Final_18022020.pdf?ua=1
https://www.who.int/blueprint/priority-diseases/key-action/COVID-19_Treatment_Trial_Design_Master_Protocol_synopsis_Final_18022020.pdf?ua=1

position paper

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Birnhuber A, Fliesser E, Gorkiewicz G, Zacharias M, Seel-
iger B, David S, et al. Between inflammation and thrombo-
sis: endothelial cellsin COVID-19. Eur Respir].2021;58(3).
McGonagle D, Bridgewood C, Ramanan AV, Meaney JFM,
Watad A. COVID-19 vasculitis and novel vasculitis mimics.
LancetRheumatol. 2021;3(3):e224-e33.

Tobin MJ, Laghi E Jubran A. Why COVID-19 silent hypox-
emia is baffling to physicians. Am J Respir Crit Care Med.
2020;202(3):356-60.

Doherty MJ. James Glaisher’s 1862 account of balloon
sickness: altitude, decompression injury, and hypoxemia.
Neurology. 2003;60(6):1016-8.

FlickH, Arns BM, Bolitschek], Bucher B, CimaK, GingrichE,
etal. Management of patients with SARS-CoV-2 infections
and of patients with chronic lung diseases during the
COVID-19 pandemic (as of 9 May 2020): statement of
the Austrian Society of Pneumology (ASP). Wien Klin
Wochenschr. 2020;132(13/14):365-86.

Investigators A, Investigators AC-a, Investigators R-C,
Lawler PR, Goligher EC, Berger JS, et al. Therapeutic
anticoagulation with heparin in noncritically ill patients
with Covid-19. NEnglJMed. 2021;385(9):790-802.
Spyropoulos AC, Goldin M, Giannis D, Diab W, Wang J,
Khanijo S, et al. Efficacy and Safety of Therapeutic-
Dose Heparin vs Standard Prophylactic or Intermedi-
ate-Dose Heparins for Thromboprophylaxis in High-risk
Hospitalized Patients With COVID-19: The HEP-COVID
Randomized Clinical Trial. JAMA internal medicine.
2021;181(12):1612-20.

Investigators R-C, Investigators AC-a, Investigators A, Go-
ligher EC, Bradbury CA, McVerry BJ, et al. Therapeutic
anticoagulation with heparin in critically ill patients with
Covid-19. NEnglJ Med. 2021;385(9):777-89.

Sadeghipour P, Talasaz AH, Rashidi E Sharif-Kashani B,
Beigmohammadi MT, Farrokhpour M, et al. Effect of
intermediate-dose vs standard-dose prophylactic anti-
coagulation on thrombotic events, extracorporeal mem-
brane oxygenation treatment, or mortality among pa-
tients with COVID-19 admitted to the intensive care
unit: the INSPIRATION randomized clinical trial. JAMA.
2021;325(16):1620-30.

Kluge S, Janssens U, Welte T, Weber-Carstens S, Schilte
G, Spinner CD, et al. S3-Leitlinie — Empfehlungen
zur stationdren Therapie von Patienten mit COVID-19.
2021. https://www.awmf.org/uploads/tx_szleitlinien/
113-001LGl_S3_Empfehlungen-zur-stationaeren-Thera
pie-von-Patienten-mit-COVID-19__2021-05.pdf. Ac-
cessed 10Jan 2022.

NIH. ACTIV trial of blood thinners pauses enrollment of
criticallyill COVID-19 patients. 2020.

Konstantinides SV, Meyer G, Becattini C, Bueno H, Geers-
ing GJ, Harjola VP, et al. 2019 ESC Guidelines for the
diagnosis and management of acute pulmonary embolism
developed in collaboration with the European Respiratory
Society (ERS): The Task Force for the diagnosis and man-
agement of acute pulmonary embolism of the European
Society of Cardiology (ESC). Eur Respir].2019. https://doi.
0rg/10.1183/13993003.01647-2019.

Chalmers JD, Crichton ML, Goeminne PC, Cao B, Hum-
bert M, Shteinberg M, et al. Management of hospitalised
adults with coronavirus disease 2019 (COVID-19): a Euro-
peanRespiratorySocietylivingguideline. EurRespir]. 2021;
https://doi.org/10.1183/13993003.00048-2021.

Pickens CO, Gao CA, Cuttica MJ, Smith SB, Pesce LL,
Grant RA, et al. Bacterial Superinfection Pneumonia in Pa-
tients Mechanically Ventilated for COVID-19 Pneumonia.
Am]JRespir Crit Care Med. 2021;204(8):921-32.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Ewig S, Kolditz M, Pletz M, Altiner A, Albrich W, Dro-
mann D, etal. Management of adult community-acquired
pneumonia and prevention—update 2021. Pneumologie.
2021;75(9):665-729. Guideline of the German Respiratory
Society (DGP), the Paul-Ehrlich-Society for Chemotherapy
(PEG), theGermanSocietyforInfectious Diseases (DGI), the
German Society of Medical Intensive Care and Emergency
Medicine (DGIIN), the German Viological Society (DGV),
the Competence Network CAPNETZ, the German College
of General Practitioneers and Family Physicians (DEGAM),
the German Society for Geriatric Medicine (DGG), the
German Palliative Society (DGP), the Austrian Society of
Pneumology Society (OGP), the Austrian Society for Infec-
tious and Tropical Diseases (OGIT), the Swiss Respiratory
Society (SGP) and the Swiss Society for Infectious Diseases
Society (SSI).

Fekkar A, Lampros A, Mayaux]J, Poignon C, Demeret S, Con-
stantin JM, et al. Occurrence of invasive pulmonary fungal
infectionsin patients with severe COVID-19 admitted to the
ICU. AmJRespir Crit Care Med. 2021;203(3):307-17.
Dalhoff K, Abele-Horn M, Andreas S, Deja M, Ewig S,
Gastmeier P, et al. Epidemiology, diagnosis and treatment
of adult patients with nosocomial pneumonia—update
2017. Pneumologie. 2018;72(1):15-63. S3 Guideline
of the German Society for Anaesthesiology and Intensive
Care Medicine, the German Society for Infectious Diseases,
the German Society for Hygiene and Microbiology, the
German Respiratory Society and the Paul-Ehrlich-Society
for Chemotherapy, the German Radiological Society and
the Societyfor Virology.

KoehlerP,BassettiM, ChakrabartiA, Chen SCA, ColomboAL,
Hoenigl M, et al. Defining and managing COVID-19-asso-
ciated pulmonary aspergillosis: the 2020 ECMM/ISHAM
consensus criteria for research and clinical guidance.
LancetInfectDis. 2021;21(6):e149-e62.

Zhou E Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical
course andriskfactors for mortality of adultinpatients with
COVID-19 in Wuhan, China: a retrospective cohort study.
Lancet. 2020;395(10229):1054-62.

HorbyP, LimWS, EmbersonJR, Mafham M, Bell JL, Linsell L,
etal. Dexamethasone in hospitalized patients with Covid-
19. NEnglJMed. 2021;384(8):693-704.

RECOVERY CG. Tocilizumab in patients admitted to hospi-
tal with COVID-19 (RECOVERY): arandomised, controlled,
open-label, platform trial. Lancet. 2021;397(10285):1637—
45.

Cavalli G, De Luca G, Campochiaro C, Della-Torre E, RipaM,
Canetti D, et al. Interleukin-1 blockade with high-dose
anakinra in patients with COVID-19, acute respiratory
distresssyndrome, and hyperinflammation: aretrospective
cohortstudy. LancetRheumatol. 2020;2(6):e325-e31.
Guimaraes PO, Quirk D, Furtado RH, Maia LN, Saraiva JE
Antunes MO, etal. Tofacitinib in patients hospitalized with
Covid-19 pneumonia. NEnglJ Med. 2021;385(5):406-15.
Kalil AC, Patterson TE Mehta AK, Tomashek KM, Wolfe CR,
Ghazaryan V, et al.  Baricitinib plus remdesivir for
hospitalized adults with Covid-19. N Engl ] Med.
2021;384(9):795-807.

Marconi VC, Ramanan AV, Bono S de, Kartman CE, Kr-
ishnan V, Liao R, et al. Efficacy and safety of baricitinib
for the treatment of hospitalised adults with COVID-19
(COV-BARRIER): a randomised, double-blind, parallel-
group, placebo-controlled phase 3 trial. Lancet Respir Med.
2021;9(12):1407-18.

Cantini E Niccoli L, Matarrese D, Nicastri E, Stobbione B,
Goletti D. Baricitinib therapy in COVID-19: a pilot study on
safetyand clinicalimpact. J Infect. 2020;81(2):318-56.

@ Springer

Management of patients with SARS-CoV-2 infections with focus on patients with chronic lung diseases (as... 415


https://www.awmf.org/uploads/tx_szleitlinien/113-001LGl_S3_Empfehlungen-zur-stationaeren-Therapie-von-Patienten-mit-COVID-19__2021-05.pdf
https://www.awmf.org/uploads/tx_szleitlinien/113-001LGl_S3_Empfehlungen-zur-stationaeren-Therapie-von-Patienten-mit-COVID-19__2021-05.pdf
https://www.awmf.org/uploads/tx_szleitlinien/113-001LGl_S3_Empfehlungen-zur-stationaeren-Therapie-von-Patienten-mit-COVID-19__2021-05.pdf
https://doi.org/10.1183/13993003.01647-2019
https://doi.org/10.1183/13993003.01647-2019
https://doi.org/10.1183/13993003.00048-2021

position paper

42. Cantini E Niccoli L, Nannini C, Matarrese D, Natale MED,
Lotti P, et al. Beneficial impact of Baricitinib in COVID-
19 moderate pneumonia; multicentre study. ] Infect.
2020;81(4):647-79.

43. Salama C, Han J, Yau L, Reiss WG, Kramer B, Neidhart JD,
et al. Tocilizumab in patients hospitalized with Covid-19
pneumonia. NEnglJ Med. 2021;384(1):20-30.

44. RosasIO, BrauN, Waters M, Go RC, Hunter BD, Bhagani§, et
al. Tocilizumab in hospitalized patients with severe Covid-
19 pneumonia. NEnglJ Med. 2021;384(16):1503-16.

45. Kyriazopoulou E, Huet T, Cavalli G, Gori A, Kyprianou M,
Pickkers P, et al. Effect of anakinra on mortality in patients
withCOVID-19: asystematicreviewand patient-level meta-
analysis. Lancet Rheumatol. 2021;3(10):e690—€7.

46. Kyriazopoulou E, Poulakou G, Milionis H, Metallidis S,
Adamis G, TsiakosK, etal. Early treatment of COVID-19with
anakinra guided by soluble urokinase plasminogen recep-
tor plasma levels: a double-blind, randomized controlled
phase3trial. NatMed. 2021;27(10):1752-60.

47. Kyriazopoulou E, Poulakou G, Milionis H, Metallidis S,
Adamis G, Tsiakos K, et al. Author correction: Early
treatment of COVID-19 with anakinra guided by soluble
urokinase plasminogen receptor plasma levels: a double-
blind, randomized controlled phase 3 trial. Nat Med.
2021;27(10):1850.

48.Pan H, Peto R, Henao-Restrepo AM, Preziosi MP
Sathiyamoorthy V, Abdool Karim Q, et al. Repurposed
antiviral drugs for Covid-19—interim WHO solidarity trial
results. NEnglJMed. 2021;384(6):497-511.

49. Beigel JH, Tomashek KM, Dodd LE, Mehta AK, Zingman BS,
Kalil AC, et al. Remdesivir for the treatment of Covid-
19—finalreport. NEnglJ Med. 2020;383(19):1813-26.

50. Gottlieb RL, Vaca CE, Paredes R, Mera J, Webb B]J, Perez G,
et al. Early Remdesivir to Prevent Progression to Severe
Covid-19inOutpatients. NEngl] Med. 2022;386(4):305-15.

51.Jayk Bernal A, Gomes da Silva MM, Musungaie DB, Ko-
valchukE, Gonzalez A, Delos ReyesV, etal. Molnupiravir for
Oral Treatment of Covid-19 in Nonhospitalized Patients. N
EnglJMed. 2022;386(6):509-20.

52. Lundgren JD, Grund B, Barkauskas CE, Holland TL, Got-
tlieb RL, Sandkovsky U, et al. A neutralizing monoclonal
antibody for hospitalized patients with Covid-19. N Engl]
Med. 2021;384(10):905-14.

53. Chen P, Nirula A, Heller B, Gottlieb RL, BosciaJ, Morris]J, et
al. SARS-CoV-2 neutralizing antibody LY-coV555 in outpa-
tientswith Covid-19. NEnglJMed. 2021;384(3):229-37.

54. O’Brien MP, Forleo-Neto E, Musser BJ, Isa E Chan KC,
Sarkar N, et al Subcutaneous REGEN-COV anti-
body combination to prevent Covid-19. N Engl J] Med.
2021;385(13):1184-95.

55. Weinreich DM, Sivapalasingam S, Norton T, Ali S, Gao H,
Bhore R, et al. REGN-COV2, a neutralizing antibody
cocktail, in outpatients with Covid-19. N Engl ] Med.
2021;384(3):238-51.

56. LiL, Zhang W, Hu Y, Tong X, Zheng S, Yang]J, et al. Effect of
convalescent plasma therapy on time to clinical improve-
ment in patients with severe and life-threatening COVID-
19: arandomized clinical trial. JAMA. 2020;324(5):460-70.

57. Agarwal A,MukherjeeA, Kumar G, Chatterjee P, BhatnagarT,
MalhotraP etal. Convalescent plasmain the management
of moderate covid-19 in adults in India: open label phase
II multicentre randomised controlled trial (PLACID Trial).
BMJ. 2020;371:m3939.

58. Simonovich VA, Burgos Pratx LD, Scibona B, Beruto MV,
Vallone MG, Vazquez C, et al. A randomized trial of
convalescentplasmain Covid-19severepneumonia. NEngl
JMed. 2021;384(7):619-29.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Group RC. Azithromycin in patients admitted to hospital
with COVID-19 (RECOVERY): a randomised, controlled,
open-label, platformtrial. Lancet. 2021;397(10274):605-12.
Furtado RHM, Berwanger O, Fonseca HA, Corréa TD, Fer-
razLR, LapaMG, etal. Azithromycinin addition to standard
of care versus standard of care alone in the treatment of
patients admitted to the hospital with severe COVID-19 in
Brazil (COALITION II): a randomised clinical trial. Lancet.
2020;396(10256):959-67.

Cavalcanti AB, Berwanger O, Zampieri FG. Hydroxychloro-
quine with or without azithromycin in Covid-19. Reply.
NEnglJMed. 2021;384(2):191.

Sekhavati E, Jafari E SeyedAlinaghi S, Jamalimoghadam-
siahkali S, Sadr S, Tabarestani M, et al. Safety and effec-
tiveness of azithromycin in patients with COVID-19: an
open-label randomised trial. Int J Antimicrob Agents.
2020;56(4):106143.

Krolewiecki A, Lifschitz A, Moragas M, Travacio M, Valen-
tini R, Alonso DE et al. Antiviral effect of high-dose
ivermectin in adults with COVID-19: a proof-of-concept
randomized trial. EClinicalMedicine. 2021;37:100959.
Chaccour C, Casellas A, Blanco-Di Matteo A, Pineda I,
Fernandez-Montero A, Ruiz-Castillo P, et al. The effect of
early treatment with ivermectin on viral load, symptoms
and humoral response in patients with non-severe COVID-
19: a pilot, double-blind, placebo-controlled, randomized
clinical trial. EClinicalMedicine. 2021;32:100720.

Ravikirti RR, Pattadar C, Raj R, Agarwal N, Biswas B, et
al. Evaluation of ivermectin as a potential treatment for
mild to moderate COVID-19: a double-blind randomized
placebo controlled trialin easternIndia. JPharm Pharm Sci.
2021;24:343-50.

Entrenas Castillo M, Entrenas Costa LM, Vaquero Bar-
rios JM, Alcald Diaz JE L6épez Miranda J, Bouillon R, et al.
Effect of calcifediol treatment and best available therapy
versus best available therapy on intensive care unit admis-
sion and mortality among patients hospitalized for COVID-
19: apilotrandomized clinical study. J Steroid Biochem Mol
Biol. 2020;203:105751.

Murai IH, Fernandes AL, Sales LP, Pinto AJ, Goessler KE
Duran CSC, et al. Effect of a single high dose of vitamin
D3 on hospital length of stay in patients with moderate
to severe COVID-19: a randomized clinical trial. JAMA.
2021;325(11):1053-60.

Hung IE Lung KC, Tso EY, Liu R, Chung TW, Chu MY,
etal. Triple combination of interferon beta-1b, lopinavir-
ritonavir,andribavirininthetreatmentofpatientsadmitted
to hospital with COVID-19: an open-label, randomised,
phase2trial. Lancet. 2020;395(10238):1695-704.
Cavalcanti AB, Zampieri FG, Rosa RG, Azevedo LCP,
Veiga VC, Avezum A, et al. Hydroxychloroquine with
or without azithromycin in mild-to-moderate Covid-19.
NEnglJ Med. 2020;383(21):2041-52.

BorbaMGS, ValFFA, Sampaio VS, Alexandre MAA, Melo GC,
Brito M, et al. Effect of high vs low doses of chloroquine
diphosphate asadjunctive therapyforpatientshospitalized
with severe acute respiratory syndrome Coronavirus 2
(SARS-coV-2) infection: arandomized clinical trial. JAMA
NetwOpen. 2020;3(4):€208857.

Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, et al.
Remdesivir and chloroquine effectively inhibit the recently
emerged novel coronavirus (2019-nCoV) in vitro. Cell Res.
2020;30(3):269-71.

Horby B Maftham M, Linsell L, Bell JL, Staplin N, Em-
berson JR, et al. Effect of hydroxychloroquine in
hospitalized patients with Covid-19. N Engl ] Med.
2020;383(21):2030-40.

416 Management of patients with SARS-CoV-2 infections with focus on patients with chronic lung diseases (as. ..

@ Springer



position paper

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Windisch W, Weber-Carstens S, Kluge S, Rossaint R,
Welte T, Karagiannidis C. Invasive and non-invasive ven-
tilation in patients with COVID-19. Dtsch Arztebl Int.
2020;117(31/32):528-33.

Windisch W, Schonhofer B, Majorski DS, Wollsching-Stro-
bel M, Criee CP, Schwarz SB, et al. Role of non-in-
vasive strategies in the treatment of acute hypoxemic
respiratory failure related to COVID-19. Pneumologie.
2021;75(6):424-31.

Karagiannidis C, Mostert C, Hentschker C, Voshaar T,
Malzahn J, Schillinger G, et al. Case characteristics, re-
source use, and outcomes 0f 10 021 patients with COVID-19
admitted to 920 German hospitals: an observational study.
LancetRespir Med. 2020;8(9):853-62.

Mumoli N, Florian C, Cei M, Evangelista I, Colombo A,
Razionale G, et al. Palliative care in a COVID-19 internal
medicine ward: a preliminary report. Int J Infect Dis.
2021;105:141-3.

Barbaro RP, MacLaren G, Brodie D. ECMO support for
COVID-19: a balancing act—Authors’ reply. Lancet.
2021;397(10269):95.

Cypel M, Keshavjee S. When to consider lung transplanta-
tionfor COVID-19. LancetRespir Med. 2020;8(10):944-6.
Lang C, Jaksch B Hoda MA, Lang G, Staudinger T, Tsch-
ernko E, et al. Lung transplantation for COVID-19-associ-
ated acute respiratory distress syndrome in a PCR-positive
patient. Lancet Respir Med. 2020;8(10):1057-60.

Bharat A, Machuca TN, Querrey M, Kurihara C, Garza-
Castillon R Jr., Kim S, et al. Early outcomes after lung
transplantation for severe COVID-19: a series of the first
consecutive cases from four countries. Lancet Respir Med.
2021;9(5):487-97.

Schweiger T, Hoetzenecker K. Commentary: Post-COVID-
19 acuterespiratory distress syndrome and post-COVID-19
fibrosis-the new kids in town. ] Thorac Cardiovasc Surg.
2022;163(3):869-70.

Frenck RW Jr., Klein NP, Kitchin N, Gurtman A, Absalon J,
Lockharts, etal. Safety,immunogenicity, and efficacy of the
BNT162b2 Covid-19 vaccine in adolescents. N Engl] Med.
2021;385(3):239-50.

Shimabukuro TT, Kim SY, Myers TR, Moro PL, Oduyebo T,
Panagiotakopoulos L, et al. Preliminary findings of mRNA
Covid-19 vaccine safety in pregnant persons. N EnglJ Med.
2021;384(24):2273-82.

Hacisuleyman E, Hale C, Saito Y, Blachere NE, Bergh M,
Conlon EG, et al. Vaccine breakthrough infections with
SARS-CoV-2variants. NEngl] Med. 2021;384(23):2212-8.
Greinacher A, Thiele T, Warkentin TE, Weisser K, Kyrle PA,
Eichinger S. Thrombotic thrombocytopeniaafter ChAdOx1
nCov-19vaccination. NEnglJMed. 2021;384(22):2092-101.
Thiele T, Ulm L, Holtfreter S, Schonborn L, Kuhn SO,
Scheer C, et al. Frequency of positive anti-PF4/polyanion
antibody tests after COVID-19 vaccination with ChAdOx1
nCoV-19and BNT162b2. Blood. 2021;138(4):299-303.
Muster V, Gary T, Raggam RB, Wolfler A, Brodmann M.
Pulmonary embolism and thrombocytopenia following
ChAdOx1 vaccination. Lancet. 2021;397(10287):1842.
Greinacher A, Selleng K, Mayerle J, Palankar R, Wesche J,
ReicheS, etal. Anti-plateletfactor4 antibodiescausing VITT
do not cross-react with SARS-CoV-2 spike protein. Blood.
2021;138(14):1269-77.

Oldenburg], Klamroth R, Langer E Albisetti M, von Auer C,
Ay C, et al. Diagnosis and management of vaccine-related
thrombosis following AstraZeneca COVID-19 vaccination:
guidance statement from the GTH. Hamostaseologie.
2021;41(3):184-9.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Viner RM, Mytton OT, Bonell C, Melendez-Torres GJ, WardJ,
Hudson L, et al. Susceptibility to SARS-CoV-2 infection
among children and adolescents compared with adults:
a systematic review and meta-analysis. JAMA Pediatr.
2021;175(2):143-56.

Marks M, Millat-Martinez P, Ouchi D, Roberts CH, Ale-
manyA, Corbacho-MonneM, etal. Transmission of COVID-
19in 282 clustersin Catalonia, Spain: acohortstudy. Lancet
Infect Dis. 2021;21(5):629-36.

Madewell ZJ, Yang Y, Longini IM Jr., Halloran ME,
Dean NE. Household transmission of SARS-coV-2: a
systematic review and meta-analysis. JAMA Netw Open.
2020;3(12):e2031756.

Shah K, Kandre Y, Mavalankar D. Secondary attack rate
in household contacts of COVID-19 paediatric index
cases: a study from Western India. J Public Health.
2021;43(2):243-5.

SelvaKJ, van de Sandt CE, Lemke MM, Lee CY, Shoffner SK,
ChuaBY, etal. Systemsserologydetectsfunctionallydistinct
coronavirus antibody features in children and elderly. Nat
Commun. 2021;12(1):2037.

Williams PCM, Howard-Jones AR, Hsu P, Palasanthiran P,
Gray PE, McMullan BJ, et al. SARS-CoV-2 in children: spec-
trum of disease, transmission and immunopathological
underpinnings. Pathology. 2020;52(7):801-8.

Leeb RT, Price S, Sliwa S, Kimball A, Szucs L, Caruso E, et
al. COVID-19 trends among school-aged children—United
States, March 1-September 19, 2020. MMWR Morb Mortal
WKklyRep. 2020;69(39):1410-5.

GotzingerE Santiago-GarciaB, Noguera-JulianA,LanaspaM,
LancellaL, Calo CarducciFI, etal. COVID-19in childrenand
adolescents in Europe: a multinational, multicentre cohort
study. Lancet Child Adolesc Health. 2020;4(9):653-61.
Garazzino S, Vecchio LA, Pierantoni L, Calo Carducci FI,
Marchetti E Meini A, et al. Epidemiology, clinical features
and prognostic factors of pediatric SARS-CoV-2 infection:
results from an Italian multicenter study. Front Pediatr.
2021;9:649358.

Moeller A, Thanikkel L, Duijts L, Gaillard EA, Garcia-Mar-
cos L, KantarA, etal. COVID-19 in children with underlying
chronic respiratory diseases: survey results from 174 cen-
tres. ERJOpen Res. 2020;6(4).

ECFS. COVID-CF project in Europe. 2021. https://www.
ecfs.eu/covid- cf-project-europe. Accessed 10 Jan 2022.
Zurl C, Eber E, Siegl A, Loeffler S, Stelzl E, Kessler HH, et
al. Low rate of SARS-CoV-2 infections in symptomatic pa-
tients attending a pediatric emergency department. Front
Pediatr. 2021;9:637167.

Riphagen S, Gomez X, Gonzalez-Martinez C, Wilkinson N,
Theocharis P Hyperinflammatory shockin children during
COVID-19pandemic. Lancet. 2020;395(10237):1607-8.
HosteL, Van Paemel R, Haerynck E Multisystem inflamma-
tory syndrome in children related to COVID-19: a system-
aticreview. Eur]J Pediatr. 2021;180(7):2019-34.

McArdle AJ, Vito O, Patel H, Seaby EG, Shah P, Wilson C,
etal. Treatment of multisystem inflammatory syndrome in
children. NEnglJMed. 2021;385(1):11-22.

Son MBF, MurrayN, Friedman K, Young CC, Newhams MM,
Feldstein LR, et al. Multisystem inflammatory syndrome
in children—initial therapy and outcomes. N Engl ] Med.
2021;385(1):23-34.

Felsenstein S, Duong P Lane S, Jones C, Pain CE,
Hedrich CM. Cardiac pathology and outcomes vary
between Kawasaki disease and PIMS-TS. Clin Immunol.
2021;229:108780.

Jahrami H, BaHammam AS, Bragazzi NL, Saif Z, Faris M,
VitielloMV.Sleep problems duringthe COVID-19 pandemic

@ Springer

Management of patients with SARS-CoV-2 infections with focus on patients with chronic lung diseases (as...

417


https://www.ecfs.eu/covid-cf-project-europe
https://www.ecfs.eu/covid-cf-project-europe

position paper

bypopulation: asystematicreviewand meta-analysis. J Clin
SleepMed. 2021;17(2):299-313.

108. Arnold DT, Hamilton FW, Milne A, Morley AJ, Viner J,
Attwood M, et al. Patient outcomes after hospitalisation
with COVID-19 and implications for follow-up: results from
aprospective UK cohort. Thorax. 2021;76(4):399-401.

109. Maas MB, Kim M, Malkani RG, Abbott SM, Zee PC. Ob-
structive sleep apnea and risk of COVID-19 infection,
hospitalization and respiratory failure. Sleep Breath.
2021;25(2):1155-7.

110. Cariou B, Hadjadj S, Wargny M, Pichelin M, Al-Salameh A,
Allix I, et al. Phenotypic characteristics and prognosis of
inpatients with COVID-19 and diabetes: the CORONADO
study. Diabetologia. 2020;63(8):1500-15.

111. ArentzM, YimE, KlaffL, LokhandwalaS, Riedo FX, ChongM,
et al. Characteristics and outcomes of 21 critically ill
patients with COVID-19 in Washington State. JAMA.
2020;323(16):1612-4.

112. Bhatraju PK, Ghassemieh BJ, Nichols M, Kim R, Jerome KR,
NallaAK, etal. Covid-19incriticallyill patientsin the Seattle
region—caseseries. NEnglJMed. 2020;382(21):2012-22.

113. Lance CG. PAP therapy increases the risk of transmission
of COVID-19. Cleve Clin] Med. 2020. https://doi.org/10.
3949/ccjm.87a.ccc003.

114. Attias D, Pepin JL, Pathak A. Impact of COVID-19 lockdown
on adherence to continuous positive airway pressure by
obstructive sleep apnoea patients. Eur Respir J. 2020.
https://doi.org/10.1183/13993003.01607-2020.

115. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C,
Morton CE, etal. Factors associated with COVID-19-related
deathusing OpenSAFELY. Nature. 2020;584(7821):430-6.

116. WHO. Asthma and COVID-19: scientific brief. 2021.
https://www.who.int/publications/i/item/who-2019-
ncov-sci-brief-asthma-2021.1. Accessed 10Jan 2022.

117. Caminati M, Vultaggio A, Matucci A, Senna G, Almeri-
gogna E Bagnasco D, et al. Asthma in a large COVID-19
cohort: prevalence, features, and determinants of COVID-
19diseaseseverity. Respir Med. 2021;176:106261.

118. PetersMC, SajuthiS, Deford P, Christenson§, Rios CL, Mont-
gomery MT, et al. COVID-19-related genes in sputum cells
inasthma. Relationship to demographicfeatures and corti-
costeroids. AmJ Respir Crit Care Med. 2020;202(1):83-90.

119. Ramakrishnan S, Nicolau DV Jr., Langford B, Mahdi M,
Jeffers H, Mwasuku C, et al. Inhaled budesonide in the
treatment of early COVID-19 (STOIC): a phase 2, open-
label, randomised controlled trial. Lancet Respir Med.
2021;9(7):763-72.

120. Yu LM, Bafadhel M, Dorward J, Hayward G, Saville BR,
Gbinigie O, et al. Inhaled budesonide for COVID-19 in
peopleathighriskofcomplicationsinthe communityinthe
UK (PRINCIPLE): a randomised, controlled, open-label,
adaptive platformtrial. Lancet. 2021;398(10303):843-55.

121. AdirY,HumbertM, SalibaW.COVID-19riskand outcomesin
adult asthmatic patients treated with biologics or systemic
corticosteroids: nationwide real-world evidence. J Allergy
ClinImmunol. 2021;148(2):361-7.

122. HuangQM, ZhangPD, LiZH, ZhouJM, LiuD, ZhangXR, etal.
Genetic Risk and Chronic Obstructive Pulmonary Disease
Independently Predict the Risk of Incident Severe COVID-
19. AnnAmThoracSoc. 2022;19(1):58-65.

123. Fliefer E, Birnhuber A, Marsh LM, Gschwandtner E,
Klepetko W, Olschewski H, et al. Dysbalance of ACE2
levels—a possible cause for severe COVID-19 outcome in
COPD.JPathol Clin Res. 2021;7(5):446-58.

124. Watson A, Oberg L, Angermann B, Spalluto CM, Huhn M,
Burke H, et al. Dysregulation of COVID-19 related gene
expressioninthe COPDlung. RespirRes. 2021;22(1):164.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Sen P, Majumdar U, Zein J, Hatipoglu U, Attaway AH. In-
haled corticosteroids do not adversely impact outcomes
in COVID-19 positive patients with COPD: an analy-
sis of Cleveland Clinic’s COVID-19 registry. PLoS ONE.
2021;16(6):e252576.

SoJY,0’HaraNN, KenaaB, Williams]JG, deBorjaCL, SlejkoJE
et al. Decline in COPD admissions during the COVID-19
pandemic associated with lower burden of community
respiratoryviralinfections. AmJMed. 2021;134(10):1252-9.
Revon-Riviere G, Soler C, Andrianarivony T, Fily S, Andre N.
Favorable outcome of COVID-19 infection in a pediatric
cancer patient receiving an anti-PD-L1/anti-CTLA-4 com-
bination. ] Pediatr Hematol Oncol. 2021;43(7):e1045-€6.
Dipasquale A, Persico P, Lorenzi E, Rahal D, Santoro A,
Simonelli M. COVID-19 lung injury as a primer forimmune
checkpointinhibitors (ICIs)-related pneumoniainapatient
affected by squamous head and neck carcinoma treated
with PD-L1 blockade: a case report. ] Immunother Cancer.
2021. https://doi.org/10.1136/jitc-2020-001870.

Han X, Fan Y, Alwalid O, Li N, Jia X, Yuan M, et al. Six-
month follow-up chest CT findings after severe COVID-19
pneumonia. Radiology. 2021;299(1):E177-E86.

MyallKJ, MukherjeeB, CastanheiraAM, Lam]L, BenedettiG,
Mak SM, et al. Persistent post-COVID-19 inflammatory
interstitial lung disease: an observational study of corticos-
teroidtreatment. Ann Am Thorac Soc. 2021;18(5):799-806.
Esposito AJ, Menon AA, Ghosh AJ, Putman RK, Freden-
burgh LE, El-Chemaly SY, et al. Increased odds of death
for patients with interstitial lung disease and COVID-
19: a case-control study. Am J Respir Crit Care Med.
2020;202(12):1710-3.

Drake TM, Docherty AB, Harrison EM, QuintJK, AdamaliH,
Agnew S, et al. Outcome of hospitalization for COVID-
19 in patients with interstitial lung disease. An inter-
national multicenter study. Am ] Respir Crit Care Med.
2020;202(12):1656-65.

GodinasL, IyerK,Meszaros G, QuarckR, Escribano-SubiasP,
Vonk Noordegraaf A, et al. PH CARE COVID survey: an
international patient survey on the care for pulmonary
hypertension patients during the early phase of the COVID-
19 pandemic. Orphanet] Rare Dis. 2021;16(1):196.
MontaniD, CertainM, SavaleL, JaisX, HumbertM, Sitbon O,
The French PH Network Pulmotension Investigators. Late
Breaking Abstract—COVID-19 in patients with pulmonary
hypertension: a national prospective cohort study. ERJ.
France: Pulmotension; 2021.

National Institute for Health and Care Excellence. COVID-
19 rapid guideline: managing the long-term effects of
COVID-19. Clinical Guidelines. London: National Institute
forHealth and Care Excellence; 2020.

Nalbandian A, Sehgal K, Gupta A, Madhavan MV, Mc-
Groder C, Stevens]JS, etal. Post-acute COVID-19 syndrome.
NatMed. 2021;27(4):601-15.

KlokFA,BoonG,Barco S, EndresM, Geelhoed JJM, KnaussS,
etal. The Post-COVID-19 Functional Status scale: a tool to
measure functional status over time after COVID-19. Eur
Respir J. 2020. https://doi.org/10.1183/13993003.01494-
2020.

Gloeckl R, Leitl D, Jarosch I, Schneeberger T, Nell C, Sten-
zel N, et al. Benefits of pulmonary rehabilitation in COVID-
19: aprospective observational cohortstudy. ER] Open Res.
2021. https://doi.org/10.1183/23120541.00108-2021.
SpielmannsM, Pekacka-EgliAM, SchoendorfS, WindischW,
Hermann M. Effects of a Comprehensive Pulmonary Re-
habilitation in Severe Post-COVID-19 Patients. Int J
Environ Res Public Health. 2021. https://doi.org/10.3390/
ijerph18052695.

418

Management of patients with SARS-CoV-2 infections with focus on patients with chronic lung diseases (as. ..

@ Springer


https://doi.org/10.3949/ccjm.87a.ccc003
https://doi.org/10.3949/ccjm.87a.ccc003
https://doi.org/10.1183/13993003.01607-2020
https://www.who.int/publications/i/item/who-2019-ncov-sci-brief-asthma-2021.1
https://www.who.int/publications/i/item/who-2019-ncov-sci-brief-asthma-2021.1
https://doi.org/10.1136/jitc-2020-001870
https://doi.org/10.1183/13993003.01494-2020
https://doi.org/10.1183/13993003.01494-2020
https://doi.org/10.1183/23120541.00108-2021
https://doi.org/10.3390/ijerph18052695
https://doi.org/10.3390/ijerph18052695

position paper

140.

141.

142.

143.

144.

145.

146.

147.

Al Chikhanie Y, Veale D, Schoeffler M, Pepin JL, Verges S,
Herengt E Effectiveness of pulmonary rehabilitation in
COVID-19 respiratory failure patients post-ICU. Respir
Physiol Neurobiol. 2021;287:103639.

AWMF. S3-Leitliniezurkardiologischen Rehabilitation (LL-
KardReha) im deutschsprachigen Raum Europas, Deutsch-
land, Osterreich, Schweiz (D-A-CH), Langversion. 2020.
https://www.awmf.org/leitlinien/detail/11/133-001.html.
Accessed 10Jan2022.

Schlitt ASK, Platz T. AWMF-Leitlinie: Rehabilitation nach
einer COVID-19-Erkrankung. Dtsch Arztebl. 2021;:A-
774/B-648. https://www.aerzteblatt.de/archiv/inhalt?
heftid=6578. Accessed 10Jan2022.

Ethikrat. Ethikrat legt Empfehlungen zur Bewdltigung
der Pandemie vor. 2020. https://www.aerzteblatt.de/
nachrichten/111469/ethikrat-legt- Empfehlungen-zur-
Bewaeltigung- der- Pandemie-vor. Accessed 10Jan 2022.
BAGSO. Zur verfassungsrechtlichen Beurteilung von
Besuchs- und Ausgangsbeschriankungen in Alten- und
Pflegeheimen aus Anlass der COVID-19-Pandemie.
https://www.bagso.de/publikationen/stellungnahme/
rechtsgutachten-besuche-in-pflegheimen/. Accessed
10Jan2022.

DHOE. Moglichkeiten der Lebens-, Sterbe- und Trauer-
begleitung ohne physischen Kontakt. 2020. https://
www.hospiz.at/moeglichkeiten-in-der-lebens-sterbe-
und- trauerbegleitung-ohne-physischen-kontakt/.  Ac-
cessed 10Jan 2022.

Gosch M, Heppner HJ, Lim S, Singler K. Recommendations
for the management of COVID-19 pandemic in long-term
carefacilities. Z Gerontol Geriatr. 2021;54(2):136-40.
Munch U, Muller H, Deffner T, von Schmude A, Kern M,
Kiepke-Ziemes S, et al. Recommendations for the sup-

148.

149.

150.

151.

port of suffering, severely ill, dying or grieving persons in
the corona pandemic from a palliative care perspective:
Recommendations of the German Society for Palliative
Medicine (DGP), the German Interdisciplinary Association
for Intensive and Emergency Medicine (DIVI), the Fed-
eral Association for Grief Counseling (BVT), the Working
Group for Psycho-oncology in the German Cancer Society,
the German Association for Social Work in the Healthcare
System (DVSG) and the German Association for Systemic
Therapy, Counselingand Family Therapy (DGSF). Schmerz.
2020;34(4):303-13.

Thomas P, Baldwin C, Bissett B, Boden I, Gosselink R,
Granger CL, et al. Physiotherapy management for COVID-
19intheacutehospitalsetting: clinical practicerecommen-
dations. ] Physiother. 2020;66(2):73-82.

Battaglini D, Robba C, Caiffa S, Ball L, Brunettil, Loconte M,
et al. Chest physiotherapy: an important adjuvant in
critically ill mechanically ventilated patients with COVID-
19. Respir Physiol Neurobiol. 2020;282:103529.
Felten-Barentsz KM, van Oorsouw R, Klooster E, Koen-
ders N, Driehuis E Hulzebos EHJ, et al. Recommendations
for hospital-based physical therapists managing patients
with COVID-19. Phys Ther. 2020;100(9):1444-57.

Eggmann S, Kindler A, Perren A, Ott N, Johannes E Vollen-
weider R, et al. Early physical therapist interventions for
patients with COVID-19 in the acute care hospital: a case
reportseries. PhysTher. 2021. https://doi.org/10.1093/ptj/
pzaal94.

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

@ Springer

Management of patients with SARS-CoV-2 infections with focus on patients with chronic lung diseases (as... 419


https://www.awmf.org/leitlinien/detail/ll/133-001.html
https://www.aerzteblatt.de/archiv/inhalt?heftid=6578
https://www.aerzteblatt.de/archiv/inhalt?heftid=6578
https://www.aerzteblatt.de/nachrichten/111469/ethikrat-legt-Empfehlungen-zur-Bewaeltigung-der-Pandemie-vor
https://www.aerzteblatt.de/nachrichten/111469/ethikrat-legt-Empfehlungen-zur-Bewaeltigung-der-Pandemie-vor
https://www.aerzteblatt.de/nachrichten/111469/ethikrat-legt-Empfehlungen-zur-Bewaeltigung-der-Pandemie-vor
https://www.bagso.de/publikationen/stellungnahme/rechtsgutachten-besuche-in-pflegheimen/
https://www.bagso.de/publikationen/stellungnahme/rechtsgutachten-besuche-in-pflegheimen/
https://www.hospiz.at/moeglichkeiten-in-der-lebens-sterbe-und-trauerbegleitung-ohne-physischen-kontakt/
https://www.hospiz.at/moeglichkeiten-in-der-lebens-sterbe-und-trauerbegleitung-ohne-physischen-kontakt/
https://www.hospiz.at/moeglichkeiten-in-der-lebens-sterbe-und-trauerbegleitung-ohne-physischen-kontakt/
https://doi.org/10.1093/ptj/pzaa194
https://doi.org/10.1093/ptj/pzaa194

	Management of patients with SARS-CoV-2 infections with focus on patients with chronic lung diseases (as of 10 January 2022)
	Summary
	Epidemiology
	Definitions and course of disease
	Mechanism of transmission of SARS-CoV-2
	Measures to minimize SARS-CoV-2 transmission
	SARS-CoV-2 mutations
	Pathophysiology
	Symptoms of COVID-19 ARDS
	Management of COVID-19 ARDS
	Anticoagulation
	Anti-infective therapy
	Immunomodulatory therapy
	Antiviral therapies
	Intubation vs. non-invasive ventilatory support (NIV)
	Extracorporeal membrane oxygenation and lung transplantation for COVID-19 ARDS

	Vaccination for SARS-CoV-2
	Pediatric pulmonology
	Sleep medicine
	Asthma
	COPD
	Lung cancer
	Interstitial lung disease
	Pulmonary hypertension
	Post-COVID syndrome/long COVID
	Functional scoring of long COVID
	Rehabilitation for long COVID

	Bronchoscopy
	Pulmonary function test
	Respiratory nursing
	Cardiopulmonary physiotherapy
	References


