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ABSTRACT
Purpose: Corticosteroids have been considered in medicine for a long time, and they are broadly
prescribed. In infectious diseases, corticosteroids have been regarded as a thread due to their
immunosuppressive effects and therefore their anti-inflammatory properties.
Main: In recent years, there have been several studies published that aimed to determine the role of
corticosteroids in patients with community-acquired pneumonia (CAP), because, despite significant
advances in new antibiotics and supportive care, deaths of patients with CAP remain unacceptably high.
While the 2007 Infectious Disease Society of America (IDSA)/American Thoracic Society (ATS) CAP
guidelines did not mention the use of corticosteroids in the management of CAP, the recently published
2019 IDSA/ATS guidelines recommended their use in patients with septic shock refractory to vasopressors
and fluid resuscitation. Regarding viral infection, the use of corticosteroids in patients with influenza has
shown to be associated with significantly higher mortality and higher incidence of nosocomial infection,
while in patients with coronavirus disease 2019 (COVID-19) there is a good body of evidence of the
benefit of corticosteroids in terms of mortality.
Conclusions: The use of corticosteroids has been considered as a potential alternative co-adjuvant
treatment in patients with pneumonia. In patients with COVID-19, the evidence is quite strong and there
is a clear benefit of the use of corticosteroids in those patients presenting severe forms of disease.

Introduction
Corticosteroids are one of those drug groups that has been considered in medicine for a long time, and
they are broadly prescribed. In infectious diseases, corticosteroids have been considered as a thread due to
their immunosuppressive effects and therefore their anti-inflammatory properties. They have shown a
benefit in only certain entities such as bacterial and tuberculosis meningitis, tetanus or pneumocystis
pneumonia with moderate to severe hypoxaemia [1].

Mechanism of action
Since their discovery in 1940, corticosteroids have been used widely, mainly to control inflammation, in
the management of autoimmune diseases, certain types of leukaemia and in immunosuppressive regimes
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following organ transplant. The inflammatory response of the host happens immediately after an infection
as a primary defence mechanism in order to restore immune homeostasis with the elimination of the
infectious agent and finally by tissue repair [2]. An experimental study showed that corticosteroids
decrease lung inflammatory response and lung bacterial burden, confirming the results obtained through
in vitro investigations [3]. Corticosteroids are deeply involved in the initial events of the inflammatory
response, being involved in the resolution of inflammation. Corticosteroids can inhibit vasodilation,
increase capillary permeability (humoral response) and leukocyte emigration into injured tissues (cellular
response). Specifically, in high-dose glucocorticoid therapy there is an immediate risk of infection due to
inhibitory effects on phagocytic cell function. The majority of immunosuppressive and anti-inflammatory
actions of corticosteroids are related to the glucocorticoid receptor to inhibit the activity of key
transcriptional regulators of pro-inflammatory genes, including NF-κB in leukocytes. In addition,
corticosteroids regulate the transcription of genes of pro-inflammatory effectors such as cytokines,
chemokines and cell adhesion molecules that take part in the host inflammatory response. Downregulation
of systemic inflammatory response in severe community-acquired pneumonia (CAP) patients may improve
the clinical course, and may potentially decrease the development of acute respiratory distress syndrome
(ARDS), sepsis and mortality in this population [4].

Corticosteroids in CAP
The use of corticosteroids has been very relevant in patients with acute respiratory failure defined by an
arterial oxygen tension (PaO2

) of <8.0 kPa (60 mmHg), an arterial carbon dioxide tension of >6.0 kPa
(45 mmHg), or both [5]. Patients with CAP can experience severe forms of disease associated with acute
respiratory failure that require high concentration of supplementary oxygen, high-flow nasal cannula or
invasive mechanical ventilation. In addition, CAP is a common cause of septic shock. In a recent
randomised controlled trial (RCT) including patients with septic shock, up to 46% of patients had CAP [6].
In recent years, several studies have been published that aimed to determine the role of corticosteroids
in patients with CAP. Studies with corticosteroids in CAP are conducted because despite significant
advances in new antibiotics and supportive care, the death of patients with CAP remains unacceptably
high (14.7 per 100000 population as per Centers for Disease Control and Prevention). Pneumonia is the
most common cause of infection-related mortality and is still one of the leading causes of death, not only
in Western countries, but also in low- and middle-income countries [7, 8].

The use of corticosteroids in clinical trials of CAP as adjunct to antibiotics dates back 60 years. It is
important to distinguish CAP from severe CAP. Defining severe CAP is a difficult task and the Infectious
Disease Society of America (IDSA)/American Thoracic Society (ATS) CAP guidelines defined that either
the need for invasive mechanical ventilation or direct admission to the intensive care unit (ICU) constitute
major criteria for severe CAP [9]. While the 2007 IDSA/ATS CAP guidelines did not mention the use of
corticosteroids the management of CAP [10], the recently published 2019 IDSA/ATS guidelines
recommended their use in patients with septic shock refractory to vasopressors and fluid resuscitation [11].
One of the first hypothesis-generating trials for severe CAP was published in 2005, reporting the
benefits of hydrocortisone in this subgroup of patients; however, concerns were high due to the small
sample size and 0% mortality in the treatment arm [12]. After this study several systematic reviews and
meta-analyses were published with very wide recommendations, from “no benefit of the use of
corticosteroids in patients with CAP” [13] including its severe forms to “moderate-quality evidence” [14]
and “limited data suggested that corticosteroid lowers mortality and shortens length of hospital stay for
severe CAP” [15] (table 1).

Probably one of the game changers in the landscape of the clinical trials assessing the use of
corticosteroids was the RCT published by TORRES et al. in 2015 [23]. In this study, patients with severe
CAP were compared receiving either methylprednisolone (0.5 mg·kg−1 twice daily over 5 days) versus
placebo. In this study only patients with severe CAP and a high inflammatory response (defined as a level
of C-reactive protein >150 mg·L−1 at admission) were recruited. There was no difference in hospital
mortality, but there was less treatment failure among patients from the methylprednisolone group, and
therefore corticosteroid treatment reduced the risk of treatment failure (OR 0.34, 95% CI 0.14–0.87;
p=0.02). A very large study was published in the same year by BLUM et al. [24]. In this RCT, 785 patients
hospitalised with CAP were randomised to receive oral prednisone 50 mg or placebo once daily for 7 days.
A shorter time to clinical stability was found with prednisone than with placebo (3.0 versus 4.4 days);
however, there were no differences in mortality and significantly higher hyperglycaemia and insulin use in
the corticosteroid group.

After this study, several meta-analyses were published, and particularly interesting are those conducted by
STERN et al. [20], BRIEL et al. [21], JIANG et al. [22] and HUANG et al. [25]. STERN et al. [20] conducted a
systematic review and meta-analysis with the Cochrane Database in 2017, including 17 RCTs comprising a
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total of 2264 participants, and found that corticosteroids were shown to reduce mortality in adults with
severe CAP, but were without significant benefit in nonsevere forms. In addition, this meta-analysis found
that early clinical failure rates were significantly reduced with corticosteroids in people with severe and
nonsevere pneumonia and that corticosteroids reduced time to clinical cure, length of hospital and ICU
stays and development of respiratory failure or shock not present at pneumonia onset. Interestingly, none
of the adult trials included in this publication restricted the inclusion to either bacterial or virus aetiology,
and none reported relevant outcome data by pathogen. This might have important implications, as the
inflammatory response and the radiographic presentation caused by bacterial pneumonia can be different
from that caused by a virus. This finding has been reported only in children [26]. The systematic review
and meta-analysis conducted in 2018 by BRIEL et al. [21] was very interesting, as it included individual
patient data. The authors included 1506 individual patients in six trials and there was no difference in
30-day all-cause mortality, considering that the mortality was quite low (5.0% versus 5.9% deaths in the
corticosteroid groups and in placebo groups, respectively). The most intriguing finding was that the use of
adjunct corticosteroids reduced time to clinical stability and length of hospital stay by 1 day, but with an
increased risk for CAP-related rehospitalisation and hyperglycaemia. Finally, in 2019 JIANG et al. [22]
found that low dose (⩽86 mg of prednisone) and prolonged (>5 days) use of corticosteroids in a dosage
modus of a maintenance dose after a bolus obtained better results in death through subgroup analysis.
Regarding the type of corticosteroids, HUANG et al. [25] found that prednisolone or methylprednisolone
therapy reduced total mortality, whereas hydrocortisone did not.

TABLE 1 Systematic review and meta-analysis for the use of corticosteroids in patients with community-acquired pneumonia
(CAP)

Author, year
[reference] Type of patient Patients RCTs Findings

SIEMPOS, 2008 [16] CAP with any severity (only
studies for severe CAP were

found)

189 4 Limited data suggest that corticosteroid treatment lowers
mortality and shortens length of hospital stay for severe CAP

SALLUH, 2010 [13] Severe CAP 415 3 Do not recommend corticosteroids for severe CAP
CHEN, 2011 [17] Any type of pneumonia

including nosocomial and
child pneumonia

437 6 Corticosteroids are generally beneficial for pneumonia
Evidence to make recommendation is lacking

NIE, 2012 [18] CAP with any severity 1001 9 Corticosteroids are not recommended for CAP in general;
however, it is possible that corticosteroids lower mortality
from severe CAP and that corticosteroid treatment >6 days

may be more beneficial than ⩽5 days
CHENG, 2014 [15] Severe CAP 264 4 Limited evidence suggests that corticosteroid treatment

lowers mortality from severe CAP
SHAFIQ, 2013 [14] CAP requiring admission 1119 8 Corticosteroids shorten length of hospital stay

Corticosteroids do not lower mortality
HORITA, 2015 [19] CAP requiring admission 1780 10 Corticosteroids shorten length of hospital stay for CAP

Corticosteroids shorten length to clinical stability for CAP
Corticosteroids lower mortality for CAP in ICU
Corticosteroids ⩾6 days is not more effective

STERN, 2017 [20] Any type of pneumonia
including nosocomial and

child pneumonia

2264 17 Corticosteroids reduced mortality and morbidity in adults
with severe CAP

Corticosteroids reduced morbidity, but not mortality, for
adults and children with nonsevere CAP

Corticosteroids were associated with more adverse events,
especially hyperglycaemia

BRIEL, 2018 [21] CAP in Europe between 2000
and 2014

1506 (individual
data analysis)

6 Corticosteroid treatment shortens time to clinical stability
and length of hospital stay

Corticosteroid treatment does not lower mortality
Corticosteroids increased risk for CAP-related

rehospitalisation and hyperglycaemia
JIANG, 2019 [22] Severe CAP 665 10 Corticosteroids decreased all-cause mortality, incidence of

septic shock and requirement for mechanical ventilation
Low dose (⩽86 mg·day−1), prolonged use (>5 days) of

corticosteroids in dosage modus of a maintenance dose after
a bolus can be recommended as preferred regimen

Data are presented as n. RCT: randomised controlled trial; ICU: intensive care unit.
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A final and important point is that the use of macrolides has been reported to improve survival in patients
with severe CAP [27, 28]. It is well known that the immunomodulatory effect of macrolides and the
combination of macrolides and corticosteroids might have a summative effect. There are not many studies
published based on this hypothesis, but CECCATO et al. [29] performed a post hoc exploratory analysis of
patients included in an RCT with the use of corticosteroids. The authors did not find significant
differences in treatment failure (early or late), or in-hospital mortality after adjusting for severity
confounding factors including severity, time and centre of enrolment.

Role of viruses in CAP
In adults, viral causes of CAP are poorly characterised. A landmark study by JENNINGS et al. [30] used an
extensive array of viral diagnostic tests in adult patients admitted with CAP over a 1-year period. The
authors found that a virus was isolated in one-third of the cases, with rhinoviruses and influenza A being
the most common. In a recent systematic review on the aetiology of CAP [31], it was found that the
incidence of bacterial CAP has declined; however, Streptococcus pneumoniae remains the most common
cause of CAP. The reason for this decline is probably because a more systematic routine diagnostic of PCR
for viruses is currently conducted. In summary, this meta-analysis reported that viruses were reported on
average in ∼10% of cases, but recent PCR-based studies could isolate a respiratory virus in ∼30% of cases
of CAP, with substantial rates of viral/bacterial co-infection. There are no data available regarding the use
of corticosteroids in patients with CAP and respiratory viruses, but the question arises whether the use of
corticosteroids could be beneficial in viral CAP, especially in pandemic situations? In the following
sections, we discuss the role of corticosteroids in both influenza and severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).

Corticosteroids in influenza
Influenza-related severe pneumonia and ARDS are severe clinical presentations in patients with influenza.
Due to high morbidity and mortality, corticosteroids were seen as potential co-adjuvants in patients with
influenza, especially those with the most severe forms. Animal studies suggested that the use of
corticosteroids could ameliorate lung lesion in infected mice and improved survival induced by influenza
A (H1N1pdm09) virus [32]. Due to this potential mechanism, the use of steroids has been seen as a
potential alternative to stop disease progression and improve clinical outcomes.

The first multicentric observational study was published in 2011 under the European Society of Intensive
Care Medicine H1N1 registry. It included 220 patients in ICUs around the globe. One of the most
surprising findings was that the use of corticosteroids was as high as 60% and the use of corticosteroids
was found not to be improving ICU mortality and was associated with increased risk of hospital-acquired
pneumonia [33]. After this study, others were published showing the same results in patients with
influenza A (H1N1pdm09) in Korea [34], France [35] and Canada [36] and with influenza A (H7N9)
viral pneumonia in China [37]. After these studies, there was a good body of evidence against the routine
use of steroids in patients with influenza. More recently, a large cohort study of critically ill patients
admitted to ICUs in Spain found that the use of steroids was still prevalent and being prescribed in
approximately one-third of the patients admitted to the 148 ICUs in the study. The relevance of this
observational study is that it found that the use of corticosteroids was associated to an increased ICU
mortality by a propensity score matching and competing risks analysis [38].

Several meta-analyses were published after the aforementioned observational studies. One of the largest
meta-analyses included 10 trials involving 6548 patients with influenza pneumonia [39]. The authors found
that mortality was higher in patients who received corticosteroids (risk ratio (RR) 1.75, 95% CI 1.30–2.36,
z=3.71; p=0.0002), and similar results were observed in the subgroup analysis of patients with H1N1 (RR
1.69, 95% CI 1.15–2.47, z=2.68; p=0.007). Corticosteroids had no effect on mechanical ventilation days,
patients had a longer ICU length of stay, and rate of secondary infection was higher than in the patients who
did not receive corticosteroids. In addition, a recent a meta-analysis [40], included patients without
restrictions on influenza subtype, patient age or study setting and with the severity as inclusion criterion:
ARDS (PaO2

/inspiratory oxygen fraction ratio <300 mmHg) and severe pneumonia. A total of 15 studies
(6427 patients) were included in the meta-analysis, and similarly to the previous study, corticosteroid therapy
was associated with significantly higher mortality and a three times higher incidence of nosocomial infection.

Corticosteroids in coronavirus disease 2019
The SARS-CoV-2 outbreak has overwhelmed healthcare systems worldwide. Patients often present with
cough and fever that progresses to acute respiratory failure and ARDS with refractory hypoxaemia [41, 42].
ARDS has been found to be the primary cause of death in coronavirus disease 2019 (COVID-19) [43], and
5–10% of the patients had bacterial/fungal co-infection during hospital admission depending on antibiotic
use [44, 45]. Since December 2019, there have been 40.9 million confirmed cases of COVID-19 (up to
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October 30, 2020), and 1.3 million deaths worldwide have been reported [46]. The clinical course of
COVID-19 remains to be fully investigated, with new data available that describe the disease pathogenesis;
however, no specific pharmacological therapies have been proven effective.

The pathological mechanism of the virus is through the invasion of epithelial and alveolar cells that trigger
an immune response in different cells including monocytes, T-cells, B-cells and natural killer cells that
eventually release cytokines and chemokines. Locally, there is a massive migration of inflammatory cells
into the lungs and an excessive immune response can provoke a further damage to the lung [47]. Autopsy
studies have found that T-cells are hyperactivated with elevation of Th17, and high cytotoxicity of CD8
T-cells may account for the severe immune injury [48]. Blocking the release of cytokines and the
suppression and deficiency of T-cell immunity may be the main potential mechanisms of treatment of
severe COVID-19 that can be enhanced by the use of corticosteroids.

At the beginning of the pandemic, the efficacy and safety of corticosteroid therapy in COVID-19 was unclear.
Because of previous findings of delayed clearance of viral RNA from the respiratory tract with corticosteroids in
Middle East respiratory syndrome [49] and in the blood in severe acute respiratory syndrome (SARS) [50], the
Surviving Sepsis Campaign recommended against the routine use of systemic corticosteroids in mechanically
ventilated adults with COVID-19 and respiratory failure [51]. The majority of the publications were
single-centre retrospective studies [52, 53]. Corticosteroids were given to one out of five patients. Some authors
reported good clinical outcomes with the use of steroids in terms of clinical symptoms and oxygenation [54],
reduced lengths of hospitalisation and ICU stay [55] and decreased risk of death for individuals with
COVID-19 with ARDS [56]; however, in the majority of patients included in these early trials, the mortality
rate in the corticosteroid group was higher than in the noncorticosteroid group and patients with severe disease
were reported to have received more corticosteroids than in those with nonsevere disease [47].

The RECOVERY (Randomised Evaluation of COVID-19 Therapy) trial’s first pre-print was published on
June 22, 2020 [57] as a preliminary report assessing the use of dexamethasone in hospitalised patients
with COVID-19 [58]. More than 6000 patients were recruited (2104 patients were assigned to receive
dexamethasone) and the use of dexamethasone resulted in lower 28-day mortality among those presenting
a more severe disease manifested by receiving either invasive mechanical ventilation or oxygen alone. No
differences were observed among those receiving no respiratory support. However, this study did not
analyse laboratory values, viral load, etc., it had an open-label design and included all types of patients
(critically and not critically ill) with a substantially high mortality rate (>20% in both arms including
non-critically-ill patients is extremely high). After this study, two RCTs were published. The REMAP-CAP
trial [59] was a randomised, embedded, multifactorial adaptive platform and open-label trial conducted in
patients with severe COVID-19 following admission to an ICU for respiratory or cardiovascular organ
support at 121 sites in eight countries. The study found that a treatment of hydrocortisone (with a 7-day
fixed-dose course or shock-dependent dosing) resulted in a higher probability of superiority with regard to
the odds of improvement in organ-support-free days within 21 days (93% and 80%, respectively). In this
study neither hydrocortisone of the groups met the pre-specified criteria for statistical superiority and thus
definitive conclusions cannot be drawn. The CAPE COVID trial [60] was performed in France with
low-dose hydrocortisone, stopped early after 149 patients (probably underpowered) and could not find
any benefit of corticosteroids in reducing treatment failure (death or persistent respiratory failure). Finally,
the last big trial was the CoDEX trial [61] conducted in Brazil in patients with moderate or severe ARDS
(according to the Berlin definition) and COVID-19. It included almost 300 patients and the conclusions
were that the use of dexamethasone resulted in a statistically significant increase in the number of
ventilator-free days (days alive and free of mechanical ventilation) over 28 days. After these trials, a
systematic review and meta-analysis was conducted by the World Health Organization Rapid Evidence
Appraisal for COVID-19 Therapies (REACT) working group [62]. This was a prospective meta-analysis
that pooled data from seven RCTs that evaluated the efficacy of corticosteroids in 1703 critically ill
patients with COVID-19 (dexamethasone, hydrocortisone or methylprednisolone (678 patients) or usual
care or placebo (1025 patients)). Not surprisingly, based on the RCTs discussed, the meta-analysis found
that administration of systemic corticosteroids, compared with usual care or placebo, was associated with
lower 28-day all-cause mortality. The overall fixed-effect odds ratio was 0.61 (95% CI 0.48–0.78; p<0.001)
for trials with low doses of corticosteroids, while the fixed-effect odds ratio was 0.83 (95% CI 0.53–1.29;
p=0.46) for trials with high doses of corticosteroids; however, the comparison of association between low
and high doses was imprecisely estimated. Another important finding was the same effect for mortality
with either dexamethasone or hydrocortisone.

Corticosteroids and nosocomial infections
One of the common threats when administering corticosteroids is the possibility of the development
nosocomial infections. In general, the nosocomial infections reported in patients with influenza are
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bacterial ones. In two of the observational studies [63, 64], Acinetobacter baumannii was isolated in almost
one-third of the cases, while in another study including almost 2000 patients S. pneumoniae accounted for
half of the cases, followed by Pseudomonas aeruginosa (10.1%) and Staphylococcus aureus (7.5%) [38].

Apart from bacterial infection, one of the most severe complications is probably the development of
invasive fungal infections such as invasive pulmonary aspergillosis (IPA). Aspergillus fumigatus has been
reported in patients with influenza, in some cases named influenza-associated invasive pulmonary
aspergillosis (IAPA). In an observational study of 645 patients admitted with influenza A (H1N1pdm09),
S. pneumoniae was identified as the most prevalent bacteria in >50% of cases; however, the presence of
Aspergillus was seen in 10 (8.8%) patients (n=2 definitive, n=6 probable and n=2 unproven) [65]. More
recently, the same authors followed patients for a period of 7 years and the incidence of Aspergillus
remained similar (7.5%) [66].

A landmark study was published by a Dutch–Belgian consortium in 2018 [67]. The authors conducted a
retrospective multicentre cohort study and found that IPA was diagnosed in two out of 10 patients
admitted with influenza. Besides influenza, the administration of corticosteroids was also found to be a
risk factor for IPA (adjusted OR 1.59, 95% CI 1.30–1.99; p<0.0001). To the best of our knowledge, in
severe CAP, there have been no reports of invasive fungal infection with the concomitant use of
corticosteroids.

In coronaviruses, there have been some reports of fatal aspergillosis in patients with SARS who died of
aspergillosis after prolonged treatment with corticosteroids [68]. More recently, in patients with 2019 novel
coronavirus, there are reports of COVID-19-associated pulmonary aspergillosis (CAPA). Some case series
have been published, such as VAN ARKEL et al. [69] which reported an incidence of 19.4% CAPA out of 31
mechanically ventilated patients. Three patients received corticosteroids before ICU admission and no
other immunosuppressive medication was given before CAPA diagnosis. In a larger study, WHITE et al. [70]
conducted a national, multicentre, prospective cohort evaluation of an enhanced testing strategy to
diagnose invasive fungal disease in COVID-19 intensive care patients. They included 135 patients and
CAPA was diagnosed in 14.1% of cases, with a trend of the use of corticosteroids and history of chronic
respiratory disease as independent risk factors that increased the likelihood of CAPA. A major concern
arises with the trials favouring the use of corticosteroids; it is likely that corticosteroids will be used more
often and the development of CAPA might increase. We recommend the use of clear algorithms including
galactomannan antigens and 1,3-β-D-glucan circulating in serum and bronchoalveolar lavage for the
diagnosis of IPA [71].

Conclusions
The use of corticosteroids has been considered as a potential alternative co-adjuvant treatment in patients
with pneumonia. Timing is important and corticosteroids when indicated should be started as soon as
possible (within the first 24 h). Type and duration differ depending on the clinical identity of disease
(table 2). The recently published IDSA/ATS guidelines do not recommend corticosteroid treatment of
CAP, except in the case of comorbid conditions, such as COPD, asthma or an autoimmune disease [11].
The recommendation is aligned with the Surviving Sepsis Campaign guidelines [72] that recommend the
use of hydrocortisone in patients who have CAP with septic shock that is refractory to fluid resuscitation
and vasopressor support, with a weak recommendation and low quality of evidence. In patients with
influenza, corticosteroids have shown no benefit, as published by multiple observational studies and with

TABLE 2 Corticosteroids in community-acquired pneumonia (CAP) versus coronavirus
disease-2019 (COVID-19)

CAP COVID-19

Severity IDSA/ATS severe CAP [11] Severe acute respiratory failure#

Timing First 24 h First 24 h
Type of steroids and dosage Prednisone (50 mg daily)

Methylprednisolone (40–80 mg daily)
Dexamethasone (5 mg daily)

Dexamethasone (6 mg daily)
Hydrocortisone (200 mg daily)

Duration 5–8 days 7 days
Outcome Decrease treatment failure and mortality Decrease mortality
Harms Increased readmission in one study CAPA?

IDSA: Infectious Diseases Society of America; ATS: American Thoracic Society; CAPA: COVID-19-associated
pulmonary aspergillosis. #: as defined in the RECOVERY trial [58].
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the increased risk of complications such as IAPA. In patients with COVID-19, the evidence is quite strong
and there is a clear benefit to the use of corticosteroids in those patients presenting severe forms of
disease. However, the appearance of cases with CAPA and the widespread use of corticosteroids is a
matter of concern and further studies need to be conducted to determine whether there is an association.

In summary, there is still a mixed effect of corticosteroids for CAP and probably some benefit against
treatment failure in severe forms of pneumonia with an increased inflammatory response; they are not
recommended for influenza and strongly recommended for COVID-19.

Conflict of interest: None declared.
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