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Abstract

Background
The coronavirus disease 2019 (COVID-19) caused an ongoing pandemic and bring heavy burden globally.
We retrospectively investigated the effect of glucocorticoids on clinical symptoms, course of disease, and
negative change of nucleic acid detection in patients with severe COVID-19.

Methods
Individual demographics data, CT images, clinical outcomes, laboratory investigations, treatment of
patients with severe COVID-19 were collected from electronic medical records of the Central Hospital of
Wuhan, from January 28 to February 28, 2020.

Results
Eighteen severe cases of COVID-19 received low-dose of glucocorticoid treatments. They were initially
treated with 40 mg methylprednisolone with gradually reduced doses and changed into oral prednisolone.
The courses of glucocorticoid treatments ranged from 4 to 30 days. The pulmonary infections were
absorbed to different degrees in 16 cases, one case deteriorated in CT imaging and one had no
signi�cant change. All cases had fever regression. Fifteen cases could respire without oxygen supply.
Two were still inhaled oxygen through nasal catheters and one with high �ow oxygen gradually
transferred to face mask for oxygen supply. Five cases discharged. Twelve cases who were in stable
conditions for treatment remained in hospital. One case was still in critical condition. The results of three
re-examinations of SARS-Cov-2 nucleic acids by RT-PCR were negative.

Conclusions
The early use of low-dose glucocorticoid therapy in severe COVID-19 infection may have a positive effect
on the prevention and treatment of disease deterioration.

Introduction
Since December 2019, the outbreak of the 2019 novel coronavirus disease (COVID-19) infection has
spread rapidly and caused serious threats to China and the global world. As of April 24, there are more
than 2.8 million cases con�rmed for COVID-19 globally, and near 200,000 patients dead [1]. The
causative pathogen was identi�ed as SARS-CoV-2 which was genetically related to two previous highly
pathogenic coronaviruses SARS-CoV (79% similarity) and MERS-CoV (50%) [2]. Epidemiological studies
have found that SARS-CoV-2 had a higher transmission rate (basic reproductive number ranges from 2 to
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3) [3], and a varying case fatality rate across age groups (range from 0 in children to 14.8% in patients
aged 80 years or over) [4].

Glucocorticoids has been widely used to treat severe acute respiratory infections by infectious pathogens.
A retrospective cohort study showed that the proper use of glucocorticoids could reduce mortality and
shorten the length of hospital stay for Severe Acute Respiratory Syndrome (SARS) [5]. However, the use of
glucocorticoids remains controversial because of its adverse effects. Previous studies reported that
glucocorticoids may be associated with the increased mortality and delaying viral clearance among
SARS patients [6, 7]. The adverse effects were also observed in treatment of Middle East respiratory
syndrome (MERS), including being more likely to receive invasive ventilation, increasing the risks of
secondary infections and delaying clearances of MERS-CoV [8, 9]. The guideline by World Health
Organization (WHO) recommended not to routinely use systemic corticosteroids for patients with COVID-
19 pneumonia [10]. The guideline by National Health Commission of China also recommended the use of
corticosteroids, but should ful�ll strict criteria [11]. So far, the clinical report about the therapeutic and
other effects on systemic glucocorticoid therapy among patients with COVID-19 remain sparse. A better
understanding of the bene�t and adverse effects of corticosteroids in treatment of CPVID-19 is critical.
This study retrospectively evaluated the safety and e�cacy of glucocorticoids therapy among patients
with severe COVID-19 infections.

Methods

Patients
Medical records of patients with COVID-19 who were admitted into the Central Hospital of Wuhan were
retrospectively retrieved from January 28 to February 28, 2020. We followed the clinical diagnosis criteria
for COVID-19 by the guideline from the National Health Commission of China [12], which included 1)
positive results of reverse transcription polymerase chain reaction (RT-PCR) tests for SARS-Cov-2 and 2)
patchy shadows and ground glass opacity in chest computed tomography (CT) imaging. Patients who
were classi�ed as the severe type of COVID-19 pneumonia were included in the study. According to the
classi�cation criteria [12], server type patients should ful�ll any of the following items: 1) Dyspnea, RR > 
30 times/min; 2) Oxygen saturation (SaO2) ≤ 93%; 3) partial pressure of oxygen (PaO2) / fraction of
inspired oxygen (FiO2) ≤ 300 mmHg; or 4) Pulmonary imaging showed that the lesions progressed more
than 50% within 24–48 hours.

Data Collection And Analysis
We extracted the patients’ records including demographic characteristics, clinical symptoms on
admission, laboratory test on admission, chest CT imaging on admission and two to four times of re-
examination, therapy information (duration, dosage and adverse effect) and outcomes. We summarized
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the continuous variable by mean and standard deviation or median and interquartile ranges (IQRs).
Categorical variables were summarized by frequency and percentages.

Results

Demographics and clinical manifestations
Characteristics and clinical manifestations of patients were shown in Table 1. A total of 18 patients with
13 males were included. Their age ranged from 45 to 79 years. Among them, eight cases had
hypertension, one case had both hypertension and diabetes and one case had both rheumatoid arthritis
and bronchial asthma. Most patients had nonspeci�c clinical manifestations of COVID-19 pneumonia,
including fever, dry cough, fatigue, chest pain, dyspnea, diarrhea, sore throat, etc. In our study, all patients
felt asthenia. Sixteen patients (88.9%) had fever. Thirteen patients (72.2%) had cough. Diarrhea was
observed in three cases (16.7%). Six cases had dyspnea (33.3%). Pharyngeal pain, nausea, and vomiting
were observed in four patients.
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Table 1
Characteristics and clinical manifestations of patients (N = 

18)

  N %

Gender (M) 13 72.2%

Age (45–79 years) ≧ 65 7 38.9%

Co-morbidities    

Hypertension 8 44.4%

Diabetes + hypertension 1 5.6%

Rheumatoid arthritis + bronchial asthma 1 5.6%

Symptoms and signs    

Asthenia 18 100.0%

Fever 16 88.9%

Cough 13 72.2%

Shortness of breath 13 72.2%

Chest tightness 12 66.7%

Myalgia 7 38.9%

Dyspnoea 6 33.3%

Diarrhoea 3 16.7%

Vomiting 2 11.1%

Sore throat or pharyngalgia 2 11.1%

Laboratory �ndings
Ten out of eighteen patients were positive in RT-PCR test for SARS-Cov-2 from their sputum specimen
sample or nasopharynx swab. The other eight patients were positive on the second or the third PCR test.
The laboratory results on admission were shown in Table 2. There were three cases of leucopenia in
blood routine, and 17 cases (94.4%) had decreases in the proportion of lymphocyte. D-dimer was
increased in eleven patients (61.1%). Transaminase increased in twelve patients and BNP (Brain
Natriuretic Peptide) increased in �ve cases (45.4%).
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Table 2
Laboratory test on admission of patients (N = 18)

  Mean Standard deviation

White blood cells (× 109/L) 5.3 2.4

Neutrophils (× 109/L) 4.1 2.2

Lymphocytes (× 109/L) 0.8 0.5

C-reactive protein (mg/dl) 5.5 3.1

Interleukin-6 (pg/ml) 5.9 9.4

Prothrombin time (s) 11.9 1.3

Activated partial thromboplastin time (s) 31.9 5.2

D-dimer (µg/ml) 4.2 7.1

Creatine kinase (U/L) 47.6 27.6

Creatine kinase muscle-brain

isoform (U/L)

5.5 2.1

Lactate dehydrogenase (U/L) 237.1 65.0

Cardiac troponin I (µg/L) 0.085 0.12

Brain natriuretic peptide (pg/ml) 102.7 116.9

Alanine aminotransferase (U/L) 36.8 29.7

Aspartate aminotransferase (U/L) 45.2 33.6

Urea nitrogen (mmol/L) 5.0 2.8

Creatinine (µmol/L) 70.9 20.5

PH 7.4 0.07

Partial Pressure of Carbon Dioxide (mmHg) 41.7 6.2

Partial pressure of oxygen (mmHg) 75.8 10.9

Lactate (mmol/L) 2.2 0.53

Blood glucose (mmol/L) 5.8 2.0

CT imaging
All the patients took chest CT scans on admission and took re-examination per week (on average two to
four times of re-examination for each patients). On admission, all of 18 patients showed bilateral lung
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�eld with subpleural ground-glass spot shadow, with or without pleural thickening. After 1–2 weeks of the
courses, nine of them deteriorated (50%), often involving double lungs and multiple lobes, with
asymmetric distribution under the pleura, and extending to the hilar, with pulmonary consolidation,
bronchiectasis, even diffuse lesions in some critical patients. Most of the lung �elds were involved by the
lesions which were commonly known as "white lung". One patient did not have chest CT examination
after 1–2 weeks of the course due to the critical condition. After active treatment, the infected lesions
were absorbed in 16 patients (88.8%) within 2–3 weeks. Five of them also had pulmonary consolidation
(29.4%) in parts of infected lesions at the same time and two had �brosis (11.7%) (Fig. 1). The results by
imaging examination were not consistent with the clinical symptoms on the same patients. We observed
some patients did not present obvious improvement of clinical symptoms, while their signs on the lung
imaging still improved. Nevertheless, their overall outcomes were basically consistent.

General treatment
According to the diagnosis and treatment plan issued by the National Health Commission of China [11],
the clinical status of patients were monitored, including duration of treatment, blood routine examination,
biochemical indicators, coagulative function, lung imaging, oxygenation index, blood gas analysis, and
in�ammatory factors. The treatment plan followed antiviral (ribavirin, interferon, abidol), oxygen therapy,
anti-secondary infection, anti-shock, water electrolyte acid-base balance and nutrition support, micro
ecological balance treatment and traditional Chinese medicine treatment. Seventeen cases (94.4%) were
given oxygen therapy to improve hypoxemia during the treatments, including 16 patients had nasal
catheter with oxygen (2L/min) and one patient had high �ow oxygen (30L/min) (Table 3).
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Table 3
General treatment and adverse effect (N = 18)

  No %

Oxygen supply mode    

High �ow oxygen (�ow 30L/min) 1 5.6%

Nasal catheter (�ow 2L/min) 16 88.9%

No use 1 5.6%

Antivirus 18 100.0%

Antibiotic 16 88.9%

Chinese medicine 18 100.0%

Anticoagulant therapy 13 72.2%

Drugs for liver protection 12 66.7%

Gamma globulin 8 44.4%

Human albumin 16 88.9%

Adverse effects    

Gastrointestinal bleeding 1 5.6%

Insomnia 5 26.3%

Diarrhea 2 11.1

Application of glucocorticoids
According to the guideline [11], glucocorticoids could be used appropriately, if the lung imaging
aggravates rapidly, oxygenation indicators are deteriorating, or patients with hyperactive in�ammatory
response. The indications for the use of glucocorticoids included: (1) Severe and critical diseases could
be used at early stage; (2) continuous high fever (> 39 ℃); (3) CT imaging indicated infected lesions were
large (more than 30% of the lobes are involved); (4) the CT imaging manifestations of the lungs were
progressive deteriorated rapidly and the involved areas were signi�cantly increasing; (5) Interleukin 6 (IL-
6) is signi�cantly increased. The dose of glucocorticoids was suggested not to exceed 1–2 mg/kg/day to
avoid immunosuppressive, which may delay the clearance of viruses. In this study, all the 18 severe
patients were treated with glucocorticoids, and their clinical indexes were monitored dynamically,
including blood routine examination, biochemical, CT imaging changes, adverse reactions, and
complications.

The dose of glucocorticoids matched the degree of in�ammatory injury. In principle, the dosage of the
methylprednisolone was halved in 3–5 days after the improvement of symptoms and signs, reduced to
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20 mg/day later and changed to oral prednisone, and gradually reduced to discontinuation in 3–5 days.
The courses of the treatment were different according to the clinical conditions of the patients. In this
study, four patients were given 40 mg methylprednisolone, intravenous drip, twice per day (b.i.d) for on
average 5.8 days. The other 14 patients were with the beginning dose of 40 mg methylprednisolone per
day (q.d) for 4 to 10 days, then reduced the dose to 30–20 mg/day later and changed into oral
prednisolone. The courses of the treatment were between 4 to 30 days and the median course was 17
days (Fig. 2). Proton pump inhibitors and calcium agents were used in all patients to prevent
complications at the same time, and microecological regulators were used as appropriate. The
examination of hepatitis B and C were tested in all patients to avoid potential infection before hormone
therapy.

Monitoring indicators
Blood glucose, liver function, blood routine, C-reactive protein (CRP), imaging changes, electrolytes
(especially blood potassium) were monitored during the treatment period. In case of any abnormality,
patients should be treated as soon as possible, if the patients with sleep disorder, antipsychotic tablets
should be given to improve their sleep. Six patients (33.3%) present adverse effects, including insomnia in
�ve patients, gastrointestinal bleeding in one patient (the patient also had insomnia), and diarrhea in two
patients (one patient also had insomnia) (Table 3). Their symptoms were relieved after adjusting the
dosage and expectant treatment. No other severe adverse effects were observed.

Outcomes
By 28 February 2020, the pulmonary infections were absorbed in 16 patients (88.9%). One had no
signi�cant changes of CT imaging. One was deteriorated in CT imaging. All patients had fever regression.
Fifteen patients (88.2%) could respire without oxygen supply (Table 4). One patient with high �ow oxygen
gradually transferred to face mask for oxygen supply, and the oxygen saturation could be stable between
90–94%. Two patients were still inhaled oxygen through nasal catheters. Eleven patients (61.1%) had no
respiratory symptoms after treatment. Six patients (33.3%) had mild respiratory symptoms, such as
cough, shortness of breath and chest tightness. One had moderate shortness of breath. No patients
developed acute respiratory distress syndrome (ARDS). No fatal case was developed. All patients were
negative for SARS-Cov-2 in three times of RT-PCR test. Five cases discharged according to the clinically
standard of the guideline. Twelve cases were in stable conditions for treatment and remained in hospital.
One case was still in critical condition.
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Table 4
Clinical manifestations after treatment (N = 18)

  Median IQR

Day of fever reduction 4 2, 5

  No %

Respiratory symptom    

No 11 61.1%

Mild (e.g. cough, shortness of breath, chest tightness) 6 33.3%

Moderate (shortness of breath) 1 5.6%

Breath without oxygen supply 15 83.3%

Discussion
The pandemic of COVID-19 in 2020 has brought serious threats to the public around the world. As of April
24 2020, the crude global case fatality rate was around 7% and largely variated from different countries
[1]. So far, there are still no speci�c antiviral treatments for COVID-19 pneumonia. It becomes crucial
issues for scientists to improve the cure rate, shorten the course of the severe type, and reduce the
mortality caused by SARS-CoV-2 virus.

In our study, we retrospectively evaluated the bene�t and harm on the use of glucocorticoids in patients
with severe COVID-19. A total of 18 patients with severe COVID-19 pneumonia were treated with
glucocorticoids. The courses of glucocorticoids therapy for patients were different according to their
clinical conditions, which ranged from 4 to 30 days with a median course of 17 days. No severe adverse
effects were observed. Six patients (33.3%) presented mild adverse effects, including diarrhea,
gastrointestinal bleeding and insomnia. Those symptoms were relived after adjusting the dosage and
expectant treatment. Adverse effects associated with long-term glucocorticoids use are not considered
relevant for this study, because of the short duration and low dose of the glucocorticoids prescribed.

The outcomes of our patients were generally satis�ed. Sixteen patients had absorption of pulmonary
infections. Fifteen patients could respire without oxygen supply. All the patients had three times of RT-
PCR test for SARS-CoV-2 after treatment and all patients were negative for the last time results. Five
cases discharged according to clinically standard of the guideline. Twelve cases who were in a stable
condition for treatment remained in hospital. One case was still in critical condition.

The use of corticosteroid remains controversial in treatment of respiratory infections and there is no
conclusive evidence suggesting the balance of bene�t and harms in treatment of COVID-19 pneumonia.
Among severe patients with virus infection, the overwhelming in�ammation and cytokine-related lung
injury might cause rapidly progressive pneumonia, even fatal outcomes [13]. Corticosteroid has been
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widely used in clinic to decrease the in�ammatory responses in lungs, prevent acute lung injury and avoid
ARDS. However, the clinical guidelines of WHO [10] and the US [14] suggest against the routine
corticosteroid therapy in patients with COVID-19 due to the concerns of adverse effects. A systematic
review and meta-analysis from 15 studies showed that corticosteroid was associated with increased
mortality, longer length of hospital stay and higher risk of secondary infections in critical patients with
coronavirus infection [15]. However, the meta-analysis may be limited to enroll retrospective studies,
remain controlling for the time and dosage of corticosteroid and a potential publication bias. In a
prospective cohort study on hospitalization of in�uenza A (H1N1)pdm09, low-to-moderate dose
corticosteroids (25–150 mg/d) was associated with reduced mortality among patients with PaO2/FiO2 < 
300 mmHg, while the relationship was not observed in high dose group (> 150 mg/d). The evidence also
did not support the bene�t of corticosteroid among mild patients (PaO2/FiO2 > 300 mmHg) [16]. Another
RCT also supported the early, low-dose (0.5 mg/kg/d) and short-term (5 or 7 days) use of corticosteroid
therapy reduced the risk of treatment failure among patients with severe community-acquired pneumonia
[17].

Our study added some evidence to precautiously consider the early use of low dose glucocorticoids to
prevent fatal outcomes for severe patients with COVID-19. This is accordance with current limited
evidence. A previous report with 15 severe COVID-19 patients suggested the early systematic
corticosteroids therapy among could enhance SaO2 and PaO2/FiO2, and no evidence support the
improvement on deaths due to the small sample size [18]. Another retrospective study with 11 of 31
patients received corticosteroid treatment reported that corticosteroid did no increase virus clearance time
and length of hospital stay in patients with mild COVID-19 [19]. Nevertheless, corticosteroid therapy still
requires carefully considering the patients’ clinical conditions, time, dose, and duration of treatment. A
well-designed large scale RCT is also warranted to further evaluate the e�cacy of corticosteroid.

Our study has a few limitations. First, glucocorticoids treatments in our hospital were only applied for
severe patients. Evidence from a small sample size with 18 patients might not be conclusive. Second, this
was an observational study. We were not able to set up a referent group to compare the effect of
glucocorticoids treatment. Confounding factors might not be eliminated. The delay of virus clearance,
shorten of clinical courses and effect of reducing ARDS remained further investigation. Lastly, we only
investigated the short-term effect of glucocorticoids treatments, a longer follow-up period is warranted for
evaluate the long-term bene�t in the future.

In summary, early appropriate use of glucocorticoids may bene�t for patients with severe COVID-19
pneumonia. We did not observe adverse effects on the negative transformation of nucleic acid detection
of COVID-19.

Abbreviations
ARDS: Acute respiratory distress syndrome; COVID-19, The coronavirus disease 2019; CRP, C-reactive
protein; CT, computed tomography; FiO2, fraction of inspired oxygen; IQRs, interquartile range; MERS,
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Middle East respiratory syndrome; PaO2, partial pressure of oxygen; RT-PCR, reverse transcription
polymerase chain reaction tests; SARS, Severe Acute Respiratory Syndrome; SaO2, oxygen saturation;
WHO, World Health Organization.
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Figures

Figure 1

CT imaging obtained in a male aged ranged 65 – 70 years with COVID-19 pneumonia. A: day 21 after
symptom onset, multiple spot infections in double lungs. B: day 25 after symptom onset, double lung
multiple spot infections were deteriorated, the scope was expanded, some lesions consolidated, a small
amount of pleural effusion. C: day 35 after symptom onset, infective focus absorbed partially, and the
original pleural effusion was absorbed.
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Figure 2

Application, duration and doses of glucocorticoids among 18 patients. Abbreviation: q.i.d, once per day;
b.i.d, twice per day.


