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Background: Corticosteroids are commonly used as adjuvant therapy for acute respiratory distress
syndrome by many clinicians because of their perceived anti-inflammatory effects. However, for patients
with severe viral pneumonia, the corticosteroid treatment is highly controversial.
Objectives: The purpose of this review is to systematically evaluate the effect and potential mechanism of
corticosteroid administration in pandemic viral pneumonia.
Sources: We comprehensively searched all manuscripts on corticosteroid therapy for influenza, severe
acute respiratory syndrome (SARS), Middle East respiratory syndrome (MERS) and SARS coronavirus 2
(SARS-CoV-2) viral pneumonia from the PubMed, EMBASE, Web of Science and Cochrane Library
databases.
Content: We systematically summarized the effects of corticosteroid therapy for pandemic viral pneu-
monia and the potential mechanism of action for corticosteroids in coronavirus disease 2019 (COVID-19).
Implications: Observational studies showed that corticosteroid treatment was associated with increased
mortality and nosocomial infections for influenza and delayed virus clearance for SARS-CoV and MERS-
CoV. Limited data on corticosteroid therapy for COVID-19 were reported. Corticosteroids were used in
about a fifth of patients (670/2995, 22.4%). Although clinical observational studies reported the
improvement in symptoms and oxygenation for individuals with severe COVID-19 who received corti-
costeroid therapy, case fatality rate in the corticosteroid group was significantly higher than that in the
non-corticosteroid group (69/443, 15.6% versus 56/1310, 4.3%). Compared individuals with non-severe
disease, those with severe disease were more likely to receive corticosteroid therapy (201/382, 52.6%
versus 201/1310, 15.3%). Although there is no evidence that corticosteroid therapy reduces mortality in
people with COVID-19, some improvements in clinical symptoms and oxygenation were reported in
some clinical observational studies. Excessive inflammatory response and lymphopenia might be critical
factors associated with severity of and mortality from COVID-19. Sufficiently powered randomized
controlled trials with rigorous inclusion/exclusion criteria and standardized dose and duration of cor-
ticosteroids are needed to verify the effectiveness and safety of corticosteroid therapy. J.-W. Yang, Clin
Microbiol Infect 2020;26:1171
© 2020 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

Since late December 2019, the outbreak of the new highly
contagious coronavirus disease 2019 (COVID-19) has caused (up to
30 April 2020) 3 096 626 confirmed cases and 217 896 deaths
espiratory and Critical Care
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worldwide [1]. The clinical course of this disease remains to be fully
investigated, few data are available that describe the disease
pathogenesis, and no specific pharmacological therapies have been
proven efficacious.

Individuals with severe COVID-19 rapidly progressed to acute
respiratory failure, pulmonary oedema and acute respiratory
distress syndrome (ARDS) with extensive release of inflammatory
cytokines at the early stage [2,3]. As a consequence, antiviral and
anti-inflammatory therapies have become an increasing concern
for clinicians [4,5]. Previous randomized clinical trials have showed
ublished by Elsevier Ltd. All rights reserved.

mailto:jfxucn@163.com
www.sciencedirect.com/science/journal/1198743X
http://www.clinicalmicrobiologyandinfection.com
https://doi.org/10.1016/j.cmi.2020.06.020
https://doi.org/10.1016/j.cmi.2020.06.020
https://doi.org/10.1016/j.cmi.2020.06.020


J.-W. Yang et al. / Clinical Microbiology and Infection 26 (2020) 1171e11771172
that adjuvant corticosteroid could modulate inflammatory re-
sponses, reduce the incidence of treatment failure and shorten the
time to clinical stability in community-acquired pneumonia
without significant adverse events [6,7]. Recently, Villar et al. have
reported that early administration of dexamethasone reduced the
duration of mechanical ventilation and overall mortality for pa-
tients with moderate-to-severe ARDS through a randomized
controlled clinical trial [8].

Although corticosteroid treatment for virus infection is highly
controversial, they have been widely used as adjuvant therapy for
epidemic viral pneumonia during outbreaks of influenza virus
[9e15], severe acute respiratory syndrome coronavirus (SARS-CoV)
[16e18] and Middle East respiratory syndrome coronavirus (MERS-
CoV) [19,20]. However, over the past two decades, little clinical data
indicated that net benefit was derived from corticosteroid admin-
istration for pandemic viral pneumonia, evenwhen associated with
poor prognosis [9e15,17e20]. Russell et al. thought that clinical
evidence was undetermined to support corticosteroid treatment
for COVID-19 lung injury based on the experience of corticosteroid
therapy for influenza pneumonia, SARS and MERS from the previ-
ous published studies [21]. A Chinese expert panel have a different
perspective, they recommend prudently administering short
courses of corticosteroids at low-to-moderate dose for critically ill
patients with COVID-19, based on the experiences of fighting the
disease [22]. It prompted us to search the evidence and mechanism
of action of corticosteroid in COVID-19.

In this study, we performed a comprehensive search and
reviewed all previous literature on corticosteroid administration in
influenza, SARS, MERS and COVID-19 pneumonia. We attempted to
explore the mechanism of corticosteroids in COVID-19, so as to
make more reasonable use of corticosteroids in the management of
COVID-19 patients in the future.

Search strategy and data collection

Two authors independently and comprehensively searched the
PubMed, EMBASE, Web of Science and Cochrane Library databases
Fig. 1. Flow d
from inception to 30 April 2020. The medical subject headings
terms were as follow: ‘corticosteroid’ or ‘glucocorticoid’ or ‘steroid’
or ‘dexamethasone’ or ‘methylprednisolone’ or ‘hydrocortisone’ or
‘prednisolone’ and ‘influenza’ or ‘severe acute respiratory syn-
drome’ or ‘SARS’ or ‘Middle East respiratory syndrome’ or ‘MERS’ or
‘novel coronavirus’ or ‘2019-nCoV’ or ‘COVID-19’. No language re-
strictions were set. The references of involved studies were also
searched.

Two investigators independently extracted useful information
and data from original studies. Disagreements were resolved by
discussion and consulting a statistician. As the result of data pro-
cessing and conversion analysis, some of the results may differ
slightly from the published original articles.

The initial search identified 19 227 potential studies; 18 445
articles were excluded by screening of the titles and abstracts for
reasons of irrelevance or redundancy. Ultimately, 782 full-text ar-
ticles were reviewed, 212 of which were related to corticosteroids
and influenza, 196 were related to corticosteroids and SARS, 33
were related to corticosteroids and MERS, and 341 were related to
corticosteroids and COVID-19. The details of the screening process
are shown in Fig. 1.

Harm of corticosteroid therapy in influenza pneumonia

Many studies have reported associations between corticosteroid
therapy and mortality, nosocomial infection, or other poor clinical
outcomes of influenza [9e15]. Lee et al.‘s research on 2649 in-
dividuals with laboratory-confirmed influenza during 2008e2011
from three Asian cohorts (Hong Kong, Singapore and Beijing) found
that corticosteroids increased superinfection (9.7% versus 2.7%) and
deaths when controlled for indications (adjusted hazard ratio (HR)
1.73, 95% CI 1.14e2.62) [13]. Another study enrolled 1846 in-
dividuals with primary influenza pneumonia from 148 intensive
care units (ICUs) of Spain between June 2009 and April 2014 and
demonstrated that methylprednisolone was the most frequently
used corticosteroid. Themedian daily dose was equivalent to 80mg
of methylprednisolone (interquartile range (IQR) 60e120 mg) for a
iagram.
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median duration of 7 days (IQR 5e10 days). After propensity score
matching, corticosteroid application for influenza pneumonia was
associated with ICU mortality in Cox regression analysis (HR 1.32,
95% CI 1.08e1.60) and competing risks analysis (sub-hazard ratio
(SHR) 1.37, 95% CI 1.12e1.68) in this study [15]. Moreover, studies
from the groups of Martin-Loeches, Brun-Buisson, Han and Kim
identified that early corticosteroid use for patients with severe
H1N1 infection was also associated with an increased rate of su-
perinfection, longer durations of ventilation and more prolonged
ICU stays [9e12]. Seven systematic reviews andmeta-analyses have
been retrieved [23e29], which covered almost all data from clinical
studies on corticosteroid therapy in influenza pneumonia (see
Supplementary material, Table S1). They showed that corticoste-
roid therapy was significantly associated with mortality (Fig. 2a)
and nosocomial infection (Fig. 2b).

These findings matched the Infectious Diseases Society of
America recommendations against corticosteroid adjunctive ther-
apy in patients with influenza pneumonia unless clinically indi-
cated for other reasons [30]. These results were largely derived
from observational studies, although some statistical models were
performed to adjust for confounding factors. Sufficiently powered
randomized controlled trials are needed to further verify this
conclusion.

Dilemma of corticosteroid therapy in SARS

During the SARS epidemic, corticosteroids were widely used in
patients with progressive respiratory failure. The association of
corticosteroid treatment and fatality was equivocal in different
reports. A study from Chen's group revealed that proper use of
corticosteroid in confirmed critical SARS patients in Guangzhou
resulted in lowermortality and shorter hospitalization, andwas not
significantly associated with secondary lower respiratory infection
and other complications [16]. In other studies, patients who
received high doses or a pulse dosage of corticosteroid therapy had
less requirement for oxygen and better radiographic outcome than
those who did not [31,32]. Auyeung et al. found that people with
SARS treated with corticosteroids were at higher risk of ICU
admission ormortality [17]. Another retrospective study fromHong
Kong included a total of 1287 individuals with SARS and reported
that the mortality was higher in the corticosteroid group compared
with that in the non-corticosteroid group (28.3% versus 17%) [18]. In
addition, Lee et al. showed that early corticosteroid treatment for
individuals with SARS was associated with a higher subsequent
plasma viral load and corticosteroid application delayed SARS-CoV
clearance [20]. Invasive fungal infection and osteonecrosis have
also been reported after corticosteroid therapy in individuals with
SARS [33,34].
Fig. 2. Corticosteroid therapy for influenza increased mortality (a) and nosocomial infection
study.
The outcomes of corticosteroid therapy in SARS were divergent
based on the published researches. We cannot reach a definite
conclusion.

Harm of corticosteroid therapy in MERS

Reports on corticosteroid administration for MERS were rela-
tively rare. Arabi et al. reported a multicentre, retrospective cohort
study of 309 individuals admitted with MERS-CoV from 14
participating Saudi Arabian tertiary care hospitals between
September 2012 and October 2015 [20]. In their study, 151 of 309
patients received corticosteroids. Patients who received cortico-
steroids were more likely to receive invasive ventilation (141/151,
93.4% versus 121/158, 76.6%, p < 0.0001) and had higher 90-day
crude mortality (112/151, 74.2% versus 91/158, 57.6%, p 0.002). Us-
ing marginal structural modelling, corticosteroid therapy was not
significantly associated with 90-day mortality (adjusted odds ratio
(OR) 0.75, 95% CI 0.52e1.07, p 0.12) but was associatedwith delay in
MERS RNA clearance (adjusted HR 0.35, 95% CI 0.17e0.72, p 0.005).
These results revealed that corticosteroid therapy delayed clear-
ance of MERS-CoV RNA [19].

We conclude that corticosteroid therapy in MERS may be
harmful and it delays the clearance of MERS-CoV RNA.

Current status of corticosteroid therapy for COVID-19

At the time of writing, the efficacy and safety of corticosteroid
therapy in COVID-19 is undetermined. Few studies have been
reported.

Experts differ in their opinion. Russell et al. concluded that there
is no reason to expect that individuals with COVID-19 will benefit
from corticosteroid treatment, based on the increased mortality
and risk of secondary infection in influenza, impaired clearance of
SARS-CoV andMERS-CoV, and increased complications of survivors
from available clinical data [21]. Chinese experts considered it
prudent to administer short courses of corticosteroids at low-to-
moderate dose for critically ill patients with COVID-19 [22].

We reviewed the studies about COVID-19 from inception to 30
April 2020. Limited data on corticosteroid therapy were reported
[2,35e46] (Table 1). Corticosteroids were used in 22.4% (670/2995).
Case fatality rate in these patients was 4.2% (127/2995), which was
higher than the national fatality rate (3.2%) [47]. It may be due to
the relatively high proportion of early critically ill patients of
Wuhan in this population. The case fatality rate in the corticoste-
roid group was higher than in the non-corticosteroid group (69/
443, 15.6% versus 56/1310, 4.3%). As expected, corticosteroid use
was significantly higher in the individuals with severe disease than
in those with non-severe disease (201/382, 52.6% versus 301/1310,
(b) from published meta-analysis. Dots and whiskers represent OR and 95% CI in each



Table 1
Studies on corticosteroid therapy for COVID-19

Reference Patients Location Types
of study

Period CS used for all CFR Corticosteroid CFR

Severe Non-severe CS Non-CS

Huang et al. [2] 41 Wuhan, Jinyintan Hospital SCR inception to 2/1/2020 9/41 6/41 6/13 3/28 4/9 2/32
Chen et al. [35] 99 Wuhan, Jinyintan Hospital SCR 1/1/2020 to 20/1/2020 19/99 11/99 11/23 8/76 6/19 5/80
Zhou et al. [42] 15 Wuhan SCR 1/1/2020 to 29/1/2020 15/15 7/15 15/15 NA 7/15 NA
Wang et al. [36] 138 Wuhan, Zhongnan Hospital SCR 1/1/2020 to 3/2/2020 72/138 6/138 26/36 36/102 4/62 2/76
Xu et al. [37] 62 Zhejiang MCR 10/1/2020 to 26/1/2020 16/62 1/62 1/1 15/61 1/16 0/46
Guan et al. [38] 1099 China MCR inception to 29/1/2020 204/1099 15/1099 77/173 127/926 6/204 9/895
Yang et al. [41] 52 Wuhan, Jinyintan Hospital SCR late Dec 2019 to 9/2/2020 30/52 32/52 30/52 NA 16/30 16/22
Yang et al. [39] 149 Wenzhou MCR 17/1/2020 to 15/2/2020 5/149 0/149 NA NA NA NA
Wu et al. [40] 80 Jiangsu MCR 22/1/2020 to 14/2/2020 12/80 0/80 NA NA NA NA
Li et al. [44] 225 Hanchuan City People's Hospital SCR 20/1/2020 to 14/2/2020 100/225 2/225 NA NA NA NA
Wang et al. [43] 46 Union Hospital of Huazhong

University of Science and
Technology

SCR 20/1/2020 to 25/2/2020 26/46 3/46 3/46 NA 2/26 1/20

Wu et al. [45] 201 Wuhan, Jinyintan Hospital SCR 25/12/2019 to 26/1/2020 62/201 44/201 50/84 12/117 23/62 21/139
Lian et al. [46] 788 Zhejiang MCR 17/1/2020 to 12/2/2020 100/788 0/788 NA NA NA NA

Abbreviations: CFR, case fatality rate; CS, corticosteroid; MCR, multicentre retrospective study; NA, not available; SCR, single-centre retrospective study.
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15.3%), which seems to be responsible for the higher case fatality
rate in the corticosteroid group.

Corticosteroid therapy was associated with better clinical out-
comes in severe COVID-19 in clinical practice. Zhou et al. and Wang
et al. reported that corticosteroid therapy improved the clinical
symptoms and oxygenation of patients with COVID-19 [42,43].
Wang et al. also found that, for severe COVID-19, corticosteroid
therapy reduced the lengths of hospitalization and ICU stay [43].
Wu et al. reported that treatment with methylprednisolone
decreased the risk of death for individuals with COVID-19 with
ARDS (HR 0.38; 95% CI 0.20e0.72) [45]. These results should be
interpreted cautiously owing to potential bias and confounding
factors from the single-centre observational studies with limited
sample size.

There are several limitations to this analysis. First, all studies are
observational studies and the interpretations of the results from
these studies are limited. Second, there may be overlap of enrolled
patients in some studies affecting the results. Finally, and impor-
tantly, propensity score adjustment and regression analysis to
resolve confounding factors including the presence of competing
risks were not performed in these studies.

So far, although there is no evidence to support corticosteroid
therapy reducing the mortality of people with COVID-19 based on
the published data, some benefits of improvements in clinical
symptoms and oxygenation were observed in some clinical
observational studies [42,43,45]. Especially individuals with
COVID-19 and ARDS may benefit from corticosteroid therapy [45].
Currently, methylprednisolone is the most reported treatment for
COVID-19. Whether other types of corticosteroids work in COVID-
19 is uncertain. For the dosages and duration, short courses of
about 1 week and low-to-moderate dose (methylprednisolone
�0.5e1 mg/kg/day) may be reasonable based on our experience
fighting against the COVID-19 and the Chinese Expert Consensus
[22]. Hence, for critically ill patients with COVID-19 who have
overwhelming inflammation and cytokine-related lung injury,
timely and appropriate use of corticosteroids may be considered to
prevent the development of ARDS [3,22]. Unfortunately, there are
no confirmed biomarkers reported to guide the use of cortico-
steroids for COVID-19.

In conclusion, randomized controlled clinical trials to evaluate
the effectiveness and safety of early administration of a low-to-
moderate dose of methylprednisolone for individuals with
COVID-19 and ARDS are urgently needed.
Exploring the potential mechanism of corticosteroids in
COVID-19

According to current research, some individuals with COVID-19
developed severe pneumonia at the 8th to 10th day after onset,
with severe dyspnoea, ARDS, multiple organ dysfunction, even
death [2,35,36]. Higher concentration of cytokines and chemokines
were detected in patients with severe disease [2]. When the virus
invades airway epithelial cells and alveolar epithelial cells, which
stimulate specific immune cells (including monocytes, T cells, B
cells, natural killer cells) are stimulated to produce massive
amounts of cytokines and chemokines rapidly, such as tumour
necrosis factor-a, interleukin-1 (IL-1), IL-6, IL-12, interferon-a (IFN-
a), IFN-b, IFN-g, monocyte chemoattractant protein 1 (MCP1), IFN-
g-induced protein 10 (IP10) and IL-8. They are in turn promoting
infiltration of inflammatory cells to reproduce more cytokines
[48e50]. The process was called ‘cytokine storm’ and it causes
damage to the lung as well as acting against the virus.

Previous studies have shown that the release of excessive pro-
inflammatory cytokines, for example IL-1b, IL-6, IFN-g, promoted
patients with SARS-CoV and MERS-CoV to ARDS, multiple organ
dysfunction and death [48e50]. This phenomenon was also
investigated in individuals with COVID-19. Huang et al. showed
that the cytokines IL-1b, IFN-g and the chemokines IP10, MCP1
were significantly increased in individuals with severe COVID-19
[2], indicating that the immune response of T helper type 1 (Th1)
cells was activated. In addition, serum levels of granulocyte colony-
stimulating factor, IP10, MCP1, macrophage inflammatory protein
1A and tumour necrosis factor were significantly elevated in pa-
tients with severe disease, suggesting that ‘cytokine storms’ were
associated with the severity of COVID-19.

Recent studies have shown that the receptor gene of SARS-CoV-
2 is angiotensin-converting enzyme 2. Most of the angiotensin-
converting enzyme 2 of the lung is located on the surface of type
II alveolar epithelial cells [51e53]. We supposed that when SARS-
CoV-2 invades alveolar epithelial cells, it robustly replicates at the
early stage, which activate the lymphocytes, macrophages, natural
killer cells, etc., to produce extensive cytokines and chemokines.
They in turn promote massive migration of inflammatory cells into
the lungs. Excessive immune responses cause damage to the lung.
The process is consistent with the processes on autopsy [3].
Corticosteroid treatment is a double-edged sword, which may
exacerbate an excessive immune response [22,54]. Based on this



Fig. 3. Potential mechanism of COVID-19 and corticosteroid action.
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mechanism the clinical use of corticosteroids should be very
cautious, if at all.

Lymphopenia might be a critical factor associated with disease
severity and mortality [2,3,35,36,38,41]. Guo and his colleagues
showed that in viral pneumonia the absolute counts of CD3þ Tcells,
CD3þ CD4þ T cells and CD3þ CD8þ T cells in the patients who died
were significantly lower than in survivors [54], suggesting that the
cellular immune function of individuals with severe viral pneu-
monia was significantly inhibited. T-cell immunity is probably an
important antiviral mechanism, especially regarding the role of
CD4þ T cells [55e57]. For severe COVID-19, autopsy has found that
counts of CD4 and CD8 T cells were substantially reduced, and
hyperactivated. Further research showed that the concentration of
highly pro-inflammatory CCR6þ Th17 in CD4 T cells increased and
high concentrations of cytotoxic granules were found in CD8 Tcells.
These results imply that over-activation of T cells with elevation of
Th17 and high cytotoxicity of CD8 Tcells may account for the severe
immune injury [3]. For these patients, corticosteroid use may
inhibit T-lymphocyte immunity and lead to persistent viral repli-
cation and ensuing delays in clearance.

A summary of the potential mechanism of COVID-19 and
corticosteroid action is shown in Fig. 3.
Conclusions and future perspectives

In conclusion, corticosteroid use in viral pneumonia remains a
challenging clinical puzzle. Although corticosteroid therapy was
reported to improve the clinical features of viral pneumonia in
some cases, there is no confirmed evidence of corticosteroid ther-
apy reducing the mortality of COVID-19 patients. The clinical use of
corticosteroid for COVID-19 should be cautious, if at all. Cytokine
storm and the suppression and deficiency of T-cell immunity may
be the main potential mechanisms of severe COVID-19. Random-
ized controlled clinical trials of early administration of a low-to-
moderate dose of methylprednisolone for COVID-19 patients with
ARDS are required to confirm the effectiveness and safety of
corticosteroid therapy and further study the long-term outcomes
after discharge.
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