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ABSTRACT
COVID-19 has become a global pandemic and requires the whole world to respond together. 
There is no specific antiviral treatment recommended at present for COVID-19. The patients 
must receive the supportive care to help relieve the symptoms and ensure appropriate infection 
control. Whether or not to use corticosteroids clinically caused controversy. This article has 
summarized previous researches about the using of corticosteroids in other viral pneumonia, 
related clinical data in COVID-19, and recommendations in Chinese guideline. 
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INTRODUCTION

Since December 2019, a new strain of  the 
coronavirus called severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) has 
appeared in Wuhan, Hubei Province, China. 
The disease caused by SARS-CoV-2 was 
officially named “COVID-19” by the World 
Health Organization on February 11, 2020. 
COVID-19 has become a pandemic, which 
spread across the world including more 
than 211 countries or regions and infected 
1,914,916 patients globally (83,747 in China) 
by April 15, 2020.[1] SARS-CoV-2, which has 
a typical genome structure of  CoV, belongs 
to the cluster of  betacoronaviruses; this new 
virus and SARS-CoV have approximate 
70% similarity in gene sequence.[2,3] There 
are some differences in lethality and 
infectivity between SARS-CoV-2 and other 
coronaviruses. Early data showed that 
compared with SARS-CoV and Middle 
East respiratory syndrome coronavirus 
(MERS-CoV), which also caused severe 
respiratory syndrome in humans, the 
mortality of  COVID-19 was lower but the 
contagion was very higher.[4-6] In early stage 
of  the outbreak of  COVID-19, China has 
adopted a series of  measures to block the 
explosive spread of  this virus. Although 
some antiviral drugs, convalescent plasma 
transfusion, and chloroquine phosphate 

have been proven to have partial efficacy in 
the treatment of  COVID-19, there is still no 
specific antiviral treatment recommended 
at present for COVID-19. Whether or 
not to use corticosteroids clinically caused 
controversy. This article has summarized 
previous researches about the using of  
corticosteroids in other viral pneumonia, 
related clinical data in COVID-19, and 
recommendations in Chinese guideline. 

COVID-19 AND THE 
CYTOKINE STORM

The cytokine storm is an important cause 
of  acute respiratory distress and multiple 
organ failure, which seriously threatens 
patients’ life. 

Zhou et al.[7] first described the risk factors 
for the mortality of  53 nonsurvivors 
and 118 survivors with COVID-19 in a 
retrospective, multicenter, cohort study. 
The result showed that higher Sequential 
Organ Failure Assessment (SOFA) score 
(5.65, 2.61–12.23; P<0.0001) was associated 
with increased odds of  death. Sepsis was the 
most common complication in all patients, 
followed by respiratory failure, acute 
respiratory distress syndrome (ARDS), 
or heart failure. The frequency of  these 
complications and levels of  IL-6 were all 
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higher in nonsurvivors compared with survivors. These 
severe symptoms explained the difficulty in treatment and 
led us to wonder what role the cytokine storm has played 
in patients with COVID-19.

Qin et al.[8] analyzed the clinical data of  452 patients with 
COVID-19 in a retrospective single-center study and 
found most of  them tended to have elevated inflammatory 
cytokines. Plasma levels of  IL-6, IL-8, IL-10, and TNF-α 
in patients with severe infection were significantly higher 
than those in patients with nonsevere infection, similar to 
the results in SARS and MERS.[9,10] In a report, the average 
level of  IL-6 in 99 patients was much higher than the 
upper limit of  the normal range. However, the author did 
not analyze the relationship between increased inflammatory 
factors and clinical outcomes.[11] Liu et al.[12] described the 
dynamic changes in inflammatory cytokines in patients 
with COVID-19. The levels of  IL-6 and IL-10 showed 
a continuous increase in patients with severe infection. 
The levels of  cytokines in patients with severe infection 
who survived gradually returned to the levels that were 
comparable with those of  mild cases. The results concluded 
that the progression of  COVID-19 could be predicted 
from cytokines.[13]

As changes in inflammatory cytokines were related 
to the severity of  COVID-19, it should be beneficial 
for critical patients to suppress the cytokine storm. 
Corticosteroids could achieve the purpose of  suppressing 
lung inflammation, but they can also restrain the immune 
response. This contradictory aspect put the application 
of  corticosteroids in an awkward position, especially the 
results of  corticosteroid therapy in previous SARS, MERS, 
and influenza seemed to be uncertain.

CORTICOSTEROID THERAPY IN 
SARS, MERS AND INFLUENZA

Corticosteroids have unique advantages in inhibiting 
inflammatory responses and have been previously 
used in the treatment of  SARS, MERS, and influenza. 
However, its uncertain efficacy and adverse reactions make 
doctors hesitate to use corticosteroids in the treatment 
of  COVID-19. Here we reviewed the application of  
corticosteroids in the previous infectious diseases, hoping 
to provide some references for the use of  corticosteroid 
in COVID-19.

Auyeung et al.[14] performed a retrospective cohort study on 
78 adult patients with SARS in Hong Kong. Sixty-six of  78 
(84.6%) patients accepted different doses of  corticosteroids, 
and the result showed that corticosteroid treatment was 
associated with a 20.7-fold increase in the risk of  either ICU 
admission or mortality. But only advanced age and high 

LDH levels were used to eliminate confounding effect by 
multivariate adjustment; the results of  this study could be 
biased by many unknown confounding factors. Stockman 
et al.[15] conducted a systematic review and comprehensive 
summary of  the treatments used for patients infected with 
SARS. The possible harm, such as delayed virus clearance, 
onset of  diabetes, avascular necrosis, and osteoporosis, were 
reported in patients with SARS treated with corticosteroid. 
One small RCT showed that low-dose rather than high-
dose corticosteroids may be beneficial for the improvement 
of  ARDS. Zhao et al.[16] aimed to examine the effects of  
steroid therapy on osteonecrosis in recovered patients 
with SARS in a meta-analysis. They observed a nonlinear 
relationship between osteonecrosis and the cumulative dose 
and treatment duration of  steroids. Their further analysis 
indicated that the risk of  osteonecrosis remained relatively 
low when the total dose of  steroids (methylprednisolone) 
was ≤5 g and the treatment duration was ＜30 days. Chen 
et al.[17] reviewed 401 SARS cases confirmed by virology in 
Guangzhou, Guangdong Province of  China, to evaluate the 
efficacy and safety of  steroid therapy. Their study revealed 
that proper corticosteroid treatment resulted in lower 
mortality and shorter hospitalization stay in patients with 
critical SARS with an oxygenation index (OI) of  <300 mm 
Hg, and it was not associated with significant secondary 
lower respiratory infection and other complications.

Arabi et al.[18] used marginal structural models to adjust for 
baseline and time-varying confounders to investigate the 
relationship between systemic corticosteroid treatment 
and 90-day mortality in patients with MERS admitted to 
ICU. They found that the dose and time of  initiation of  
corticosteroid therapy had no impact on 90-day mortality. 
But early initiation of  corticosteroid therapy was associated 
with delayed MERS coronavirus RNA clearance. Arabi 
et al. also mentioned that persistent positivity of  MERS-
CoV RNA did not necessarily mean persistent shedding 
of  live virus. Alfaraj et al.[19] performed a cohort study and 
examined clinical predictors of  the mortality of  MERS 
infection. This study found that advanced age, increased 
WBC and neutrophil count, lower serum albumin level, 
use of  CRRT, and use of  corticosteroid were associated 
with increased mortality. The odd ratio for mortality was 
second highest for the use of  corticosteroid. Confuse 
factor disturbance in this study was not removed, and they 
did not know whether all factors contributed to mortality.

A systematic review and meta-analysis were conducted 
to provide evidence regarding corticosteroids in the 
treatment of  influenza. The result of  this meta-analysis 
suggested that the use of  corticosteroids increased the 
risk of  mortality and hospital-acquired infection. Patients 
in this study mainly received high doses of  corticosteroids, 
and the evidence was of  low quality with potential 

https://www.sciencedirect.com/topics/medicine-and-dentistry/neutrophil
https://www.sciencedirect.com/topics/medicine-and-dentistry/serum-albumin
https://www.sciencedirect.com/topics/medicine-and-dentistry/continuous-renal-replacement-therapy
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confounding.[20] Li et al.[21] described the effect of  different 
doses of  adjuvant corticosteroid therapy on 30- or 60-day 
mortality of  patients with influenza A (H1N1) pdm09 viral 
pneumonia through a retrospective analysis. A total of  2141 
hospitalized adolescent and adult patients were included 
in the study. The results of  stratified analysis based on 
the doses of  corticosteroids showed that only treatment 
with low- to moderate-dose corticosteroid could reduce 
30- and 60-day mortality of  patients with severe infection 
with PaO2/FiO2 <300 mm Hg. However, corticosteroids 
at any dose increased the 60-day mortality of  patients with 
mild infection with PaO2/FiO2 >300 mm Hg. Cao et al.[22] 

screened patients aged >14 years with severe influenza 
A (H7N9) virus infections from April 2013 to March 
2015 to determine the impact of  corticosteroids. They 
found that high-dose corticosteroid therapy (>150 mg/d 
methylprednisolone or equivalent) was associated with 
longer viral shedding and significantly increased both 30- 
and 60-day mortality.

On the whole, corticosteroid therapy seemed to be a 
double-edged sword in these infectious diseases. So 
corticosteroids, especially high-dose corticosteroids, should 
be used in COVID-19 more cautiously. Of  course, it 
would be better if  supported by high-quality randomized 
controlled trials when corticosteroids are used. 

RELATED CLINICAL DATA IN 
COVID-19 

As there is no strong clinical evidence that corticosteroids 
can benefit patients with COVID-19, and worrying about 
the possible harm, corticosteroids are not widely used 
in the treatment of  COVID-19. For the above reasons, 
Clark Russell and colleagues concluded that COVID-19-
related lung injury or shock should not be treated with 
corticosteroids except for clinical trials.[23] Although the 
Lancet published the world’s first pathological results of  a 
patient with COVID-19 on February 17, 2020. The patient’s 
lungs showed diffuse alveolar injury and pulmonary hyaline 
membrane formation consistent with the performance of  
ARDS, suggesting that corticosteroids should be provided 
timely and appropriately.[24] So far, whether the patients with 
COVID-19 could benefit from corticosteroids therapy is 
not clear. At this time, it is important to summarize the 
advantages and disadvantages of  corticosteroid therapy 
in COVID-19.

On the negative side, Liu et al.[25] reported the clinical 
characteristics and treatment of  patients with COVID-19 
with ARDS in a study available on the medRxiv preprint 
server. This study enrolled 109 patients in Wuhan, China, 
from January 2 to February 1, 2020. They concluded 
that patients with moderate or severe ARDS were 

more likely to receive corticosteroids, but the effects 
of  corticosteroid treatment on the survival were not 
satisfactory. Similarly, Feng et al.[26] found that more 
patients received corticosteroids in the critical and severe 
groups. Although corticosteroid therapy did not have any 
association with disease progression to death or mechanical 
ventilation, receiving no corticosteroids in the critical group 
was associated with good prognosis. Shang et al.[27] divided 
416 patients with COVID-19 into three groups based on 
clinical outcomes: the common survivor (not severe/
critical) group, the severe/critical survivor group, and the 
death group. The comparison of  corticosteroid therapy 
among different groups showed that corticosteroid therapy 
prolonged the hospitalization days for the patients in the 
common and severe/critical survivor groups. Patients in the 
two survivor groups who received corticosteroid treatment 
had lower lymphocyte counts and the median percentage 
of  lymphocytes was reduced after corticosteroid therapy 
in the death group. It is better to analyze more cases in this 
retrospective observational study.

What are the positive effects of  corticosteroids? The 
efficacy of  corticosteroids for severe or fatal cases with 
COVID-19 in Wuhan was evaluated. The results showed 
that although low-dose corticosteroids might not improve 
ICU mortality, it suppressed the cytokine storm in the 
phase of  ARDS and effectively improved the blood 
oxygen saturation. This result implied that corticosteroid 
therapy might provide valuable time for these patients 
in controlling infection and preventing secondary multi-
organ damage and shock. An accurate conclusion could 
not be made because of  the deficiency of  sample size 
and the lack of  matched control groups.[28] There is a 
retrospective cohort study of  201 patients with COVID-19 
whose median time from admission to progression to 
ARDS was only 2 days. Among the patients with ARDS, 
23 of  50 (46.0%) patients receiving methylprednisolone 
and 21 of  34 (61.8%) patients who did not receive 
methylprednisolone died. These data suggested that the use 
of  methylprednisolone appeared to reduce the risk of  death 
in patients with ARDS (HR, 0.38; 95% CI, 0.20–0.72).[29] 
Zhou et al.[30] analyzed the clinical data of  10 patients with 
COVID-19 and found that the lymphocyte count and OI 
of  these patients with COVID-19 became more worrying 
after the treatment with a combination of  low-dose 
methylprednisolone (80 mg/d) and immunoglobulin (10 
g/d), and the pulmonary CT revealed that the lung lesions 
were significantly worse. However, the condition of  these 
patients significantly improved after doctors increased 
doses of  methylprednisolone and immunoglobulin to 160 
and 20 g/d, respectively. So choosing the proper doses 
of  corticosteroids is also a big challenge. This study was 
limited by small sample size and short-term follow-up of  
only 1 month. 
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Although corticosteroids seemed to be beneficial for 
some patients with COVID-19, the sample sizes of  these 
studies mentioned above were not large, and they were not 
randomized controlled experiments. Professor Cao also 
considered that it would be necessary to carry out the high-
quality trials in the future.[31] Now it is still difficult to draw 
any firm conclusions. Following the guidance provided by 
experts is a good choice.

RECOMMENDATIONS IN CHINESE 
GUIDELINE 

A report published by the China Medical Treatment Expert 
Group for COVID-19 concluded that 18.6% of  1099 
patients with COVID-19 received systemic corticosteroids, 
including 77 of  173 patients with severe infection or critical 
patients.[32] Corticosteroids seemed to be empirically used 
by clinicians. There were different recommendations about 
the use of  corticosteroids in guidelines for COVID-19.

On the basis of  fully learning from the treatment 
experience of  their counterparts at home and abroad, the 
Shanghai Clinical Treatment Expert Group for COVID-19 
continued to optimize and refine the treatment plan for 
COVID-19 and formed an expert consensus, commonly 
known as “Shanghai Plan.” The plan suggested that 
if  there is a risk of  becoming severe for patients with 
COVID-19, such as significant radiographic progress 
in pneumonia, SaO2 of  patients <93% in the resting 
state without oxygen therapy, or shortness of  breath 
(breathing frequency ≥30 times/minute), OI ≤300 mm 
Hg, or facing the risk of  intubation, low-dose short-
course glucocorticoids are recommended generally for  
3–6 days. [33] Actually, early in the epidemic, the 
National Health Commission of  China mentioned that 
glucocorticoids can be used for a short period of  time 
based on the degree of  dyspnea and chest radiographic 
progress. The recommended dose does not exceed 1–2 
mg/kg/d.[34] Subsequently, multiple Chinese physicians 
developed an expert consensus as a supplement to this 
above guideline. The indications for glucocorticoid 
therapy are similar to those of  the “Shanghai Plan,” 
and it is better to follow these principles: (1) never use 
glucocorticoids to relieve the fever; (2) the dosage of  
glucocorticoids should be individualized according to 
different patients; and (3) if  the situation of  hypoxemia 
has already existed before suffering from COVID-19, 
be more cautious about indications of  glucocorticoid 
therapy. In addition, the recommended time is not more 
than 7 days.[35]

With the accumulation of  more experience and clinical 
data, therapeutic methods of  corticosteroids will be 
continuously improved.

CONCLUSIONS

In general, there are still no very encouraging results 
about corticosteroids therapy for COVID-19. However, 
it is difficult to neglect that corticosteroids may have a 
potential role in the treatment of  patients with COVID-19. 
Everything is inconclusive and we should remain optimistic. 
It is necessary to strictly abide by experts’ advice and start 
or stop the use of  corticosteroids in a flexible and timely 
manner when corticosteroids are used in the lack of  high-
quality clinical trials that can provide more precise guidance 
for clinicians’ work.
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