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Abstract
The optimal timing of glucocorticoid treatment for coronavirus disease 2019 (COVID-19) pneumonia is uncertain. We evalu-
ated the clinical outcomes of methylprednisolone therapy (MPT) for patients with a high-risk common type (HRCT) COVID-
19 pneumonia. We conducted a multicenter retrospective cohort study in Northeast China. A comparison was performed 
between the standard treatment (SDT) group and the SDT + MPT group to determine the efficacy of methylprednisolone in 
treating HRCT COVID-19 pneumonia. We collected the medical records of 403 patients with HRCT COVID-19 pneumonia 
(127 in the SDT + MPT group and 276 in the SDT group). None of the patients had received mechanical ventilation or died. 
Furthermore, there were no side effects associated with MPT. Patients in the SDT + MPT group treated with methylpredni-
solone received an intravenous injection for a median interval of five days (interquartile range of 3 to 7 days). The trends in 
lymphocyte count, C-reactive protein, interleukin 6, lactic acid dehydrogenase, respiratory rate, SpO2, PaO2, D-dimer and 
body temperature were similar between the SDT + MPT and SDT groups. The results for the SDT + MPT group seemed to 
improve faster than those for the SDT group; however, the results were not statistically significant. Clinical outcomes revealed 
that the average hospitalized days and the rate of progression to severe type COVID-19 pneumonia in both the SDT + MPT 
group and the SDT group were 14.56 ± 0.57 days versus 16.55 ± 0.3 days (p = 0.0009) and 21.26% (27/127) versus 32.4% 
(89/276) (p = 0.0247), respectively. The 16-day nucleic acid negative rate was higher in the SDT + MPT group than in the 
SDT group, 81.73% (104/127) versus 65.27% (180/276) (p = 0.0006). MPT effectively prevents patients with HRCT COVID-
19 pneumonia from progressing to the severe stage.
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Introduction

COVID-19 threatens global health and affects the global 
economy due to its rapid spread and many confirmed cases 
that occurred in a short period [1, 2]. No effective antivi-
ral drugs have been developed thus far, although several 
drugs are in clinical trials. Clinical research has proven that 
some clinical manifestations of severe pneumonia, such as 
high fever, shortness of breath, progressive pneumonitis, 
severe complications and even risk of death, are all related 
to inflammatory factors [3]. The use of glucocorticoids in 
patients with severe COVID-19 is still controversial [4–8]. 
However, an increasing number of studies have shown that 
glucocorticoids effectively treat severe COVID-19 pneumo-
nia because of their anti-inflammatory benefits and relief of 
dyspnea [9–16]. Some results showed that patient survival 
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and better clinical outcomes with severe COVID-19 were 
higher in patients treated with glucocorticoids than in those 
not treated [10, 15]. Furthermore, one large trial has reported 
in patients hospitalized with Covid-19, the use of dexameth-
asone resulted in lower 28-day mortality among those who 
were receiving either invasive mechanical ventilation or oxy-
gen alone at randomization but not among those receiving 
no respiratory support [16].

Most patients will have a mild type or common type of 
COVID-19 pneumonia. However, older persons and those 
with comorbidities may quickly develop severe COVID-19 
pneumonia, necessitating hospitalization and time in the 
intensive care unit (ICU) [17, 18]. The substantial cost of 
treatment and higher fatality rate in patients with a severe 
type of COVID-19 pneumonia is known. Extraordinary 
efforts are being made to prevent patients with a mild and 
common type of COVID-19 pneumonia from progressing 
to the severe type of COVID-19 pneumonia. An early short 
course of methylprednisolone in patients with a mild or com-
mon type to severe type of COVID-19 pneumonia reduced 
the escalation of care and improved clinical outcomes [12]. 
However, the optimal timing of methylprednisolone treat-
ment for COVID-19 pneumonia remains unclear.

We postulated that early treatment with a short course of 
methylprednisolone in patients with COVID-19 pneumonia 
might reduce excessive host respiratory and systemic inflam-
matory responses, which effectively result in the prevention 
of severe disease progression in patients with a common type 
of COVID-19 pneumonia. Therefore, when patients have a 
high-risk common type of COVID-19 pneumonia, treatment 
with methylprednisolone treatment should be considered, 
and treatment during this period may be optimal. This study 
reported the clinical characteristics and early outcomes of 
patients with a high-risk common type of COVID-19 pneu-
monia receiving short courses of methylprednisolone.

Methods

Clinical classification

This study focused on adult patients diagnosed with COVID-
19 pneumonia, according to the World Health Organization 
(WHO) interim guidance [19]. The patients with COVID-19 
pneumonia were divided into four types [20]:

1. Mild type: a type characterized by fever and mild respira-
tory symptoms, with pulmonary imaging such as com-
puted tomography (CT) showing no apparent or only 
mild pneumonia.

2. Common type: there are obvious respiratory symptoms 
such as fever and cough, and pulmonary CT indicates 
typical coronavirus pneumonia with overall lesions less 

than 30%. However, common type patients have stable 
vital signs and oxygen saturation > 93% without oxygen 
support.

3. Severe type: diffuse lesions are noted on chest CT and 
are rapidly progressing to > 50% within 48–72 h (evalu-
ated by two physicians and two radiologists) and satis-
fying at least one of the following criteria: (a) respira-
tory rate ≥ 30/min, (b) pulse oximeter oxygen saturation 
(SpO2) ≤ 93% at rest on room air and (c) the ratio of the 
partial pressure of arterial oxygen (PaO2) to the frac-
tion of inspired oxygen (FiO2) ≤ 300 mm Hg (1 mm 
Hg = 0.133 kPa).

4. Critical type: type that satisfies at least one of the fol-
lowing criteria: (a) respiratory failure requiring mechan-
ical ventilation, (b) shock and (c) failure of other organ 
systems requiring care in the ICU.

In addition, we divided the patients with the common 
type COVID-19 pneumonia into two subtypes: (1) generally 
common type and (2) high-risk common type. The features 
of the two subtypes are shown in Fig. 1.

Patient improvement allowing for discharge was achieved 
when the following criteria were satisfied: (a) body tempera-
ture returned to normal for > 3 days, (b) respiratory symp-
toms were relieved, (c) nucleic acid tests were negative (two 
times with an interval > 24 h), and (d) pulmonary imaging 
showed that the acute exudative lesions were significantly 
improved and limited. The features are shown in Fig. 1.

The features associated with the progression to severe 
COVID-19 were equivalent to the features of the severe type 
above.

Patient selection

This research was a retrospective, multicenter cohort study 
in which patients with the high-risk common type COVID-
19 pneumonia were enrolled. Data from the medical records 
of 403 patients with a high-risk common type COVID-19 
pneumonia were collected for analysis. All patients were 
admitted to the Qun’li branch of the First Affiliated Hospi-
tal of Harbin Medical University and Kang’an Hospital of 
Mudanjiang, Peoples’ Republic of China, from January to 
July 2020. Patients who had previously used hormones or 
who were immunosuppressed within the past 3 months were 
excluded from the study.

Ethical approval was granted by the institutional ethics 
board of the Qun’li branch of the First Affiliated Hospital of 
Harbin Medical University and Kang’an Hospital of Mudan-
jiang to analyze clinical data from COVID-19-infected inpa-
tients. Informed written consent was waived by the Ethics 
Commission of the Qun’li branch of the First Affiliated 
Hospital of Harbin Medical University and Kang’an Hos-
pital, considering the study’s retrospective nature and the 



489Clinical and Experimental Medicine (2022) 22:487–497 

1 3

urgency of reporting emerging infectious diseases. The study 
conforms to the Enhancing the Quality and Transparency 
of Health Research (EQUATOR) guidelines [21]. Finally, 
this study complied with the ethical principles for medi-
cal research involving human subjects in the Declaration of 
Helsinki [22].

Epidemiological, clinical, laboratory characteristics, 
radiological characteristics and treatment and outcome 
data were obtained using data collection forms from 

electronic medical records. A trained team of physicians 
reviewed the data. Medical records included clinical char-
acteristics, laboratory parameters, treatment approaches 
and clinical outcomes. Recorded information included 
demographic data, medical history, underlying comorbidi-
ties, symptoms, signs, laboratory findings, chest CT scans, 
treatment measures (i.e., antiviral therapy and methylpred-
nisolone therapy) and treatment outcome.

Clinical characteristics and laboratory parameters 
included white blood cell count (WBC), lymphocyte 
count, C-reactive protein (CRP), interleukin 6 (IL-6) 
level, lactic acid dehydrogenase (LDH), days from onset 
of symptoms to hospitalization, respiratory rate, oxygen 
saturation (SpO2) and pressure of arterial oxygen (PaO2). 
COVID-19 was confirmed by detecting SARS-CoV-2 RNA 
in throat swab samples using a virus nucleic acid detec-
tion kit according to the manufacturer's protocol (Shanghai 
BioGerm Medical Biotechnology Co., Ltd) by the cen-
tralized clinical microbiology laboratory of Heilongjiang 
Province according to the WHO interim guidance.

Treatment approaches

Treatment approaches were adopted for patients with the 
common type COVID-19 pneumonia. For this type, non-
continuous middle-flow oxygen therapy (3–5 L/min), tri-
ple antiviral treatment with oral arbidol tablets (200 mg 
three times daily), ribavirin (500 mg every 12 h intrave-
nously) and recombinant interferon-α (five million units 
twice daily via aerosol) were given. The detailed treatment 
plans for standard treatment (SDT) and methylpredniso-
lone therapy (MPT) are shown in Fig. 2. Methylpredni-
solone therapy was 1–2 mg/kg/d in two divided doses for 
3–7 days. Patients who received methylprednisolone ther-
apy according to standard clinical practice were assigned 
to the SDT + MPT group, while patients who did not were 
assigned to the SDT group. Empirical antibiotic treatment 
was considered for patients with common type pneumo-
nia if a bacterial infection was suspected. Low molecular 
weight heparin was also considered for use if the D-dimer 
level was high.

The decision to prescribe methylprednisolone was at the 
discretion of the treating physician because methylpredni-
solone was not included in the local COVID-19 protocol 
at the time of the study. Details of methylprednisolone 
use (including the timing of initiation, dosing and type of 
medications) were recorded. Likewise, the choice of the 
common type COVID-19 pneumonia treatments other than 
methylprednisolone was at the treating physician’s discre-
tion. In the treatment cohort, the first day of administration 
was considered the index date (Day 1).

Fig. 1  Clinical classification and characteristics of patients with a 
high-risk common type COVID-19 pneumonia
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Statistical analysis

Quantitative variables are expressed as the mean and 
standard deviation (SD) or median and interquartile 
range (IQR) and were compared using the Mann–Whitney 
test or t test, as appropriate. Qualitative variables were 
reported as the number and percentage (no., %) and com-
pared using the χ2 test or Fisher exact test, as appropri-
ate. Means for continuous variables were compared using 
independent group t tests when the data were normally 
distributed; otherwise, a nonparametric comparative test 
was used. The sample size was derived from all eligible 
patients hospitalized during the study period. All statisti-
cal analyses were performed using SPSS Statistics version 
23.0 software. The statistical significance level was set at 
a two-sided P value of < 0.05.

Results

During the study period, we collected the medical records 
of 127 patients with a high-risk common type COVID-19 
pneumonia being treated with SDT + MPT (the SDT + MPT 
group) and 276 patients with a high-risk common type 
COVID-19 pneumonia treated only with SDT (the SDT 
group).

Clinical characteristics

The age, sex, comorbidities and clinical and laboratory test 
results of patients with high-risk common type COVID-
19 pneumonia on admission are shown in Tables 1, 2 and 

Fig. 2  Clinical classification and prognosis of patients with a high-
risk common type COVID-19 pneumonia in the two groups

Table 1  Demographic and clinical characteristics of the patients at baseline

SDT, Standard treatment; MPT, Methylprednisolone therapy; WBC, White blood cell; CT, Computed tomography

Characteristic Total (N = 403) SDT + MPT (N = 127) SDT (N = 276) P value

Age (years) 49.31 ± 1.05 49.93 ± 1.183 48.7 ± 0.9247 0.4087
Male/female, no (%) 224 

(55.61%)/179 
(44.39%)

69 (54.33%)/58 (45.67%) 155 
(56.16%)/121 
(43.84%)

0.7491

Comorbidities: hypertension, coronary heart 
disease, diabetes, obesity, chronic lung disease. 
no (%)

231 (57.28%) 75 (59.35%) 158 (57.19%) 0.8601

Fever 348 (86.4%) 115 (90.3%) 233 (84.6%) 0.1012
Respiratory symptoms: cough, dyspnea, sore 

throat
261 (64.7%) 88 (69.2%) 173 (62.7%) 0.3210

CT: typical coronavirus pneumonia 403 (100%) 127 (100%) 276 (100%) 0.9999
WBC count 4–10 ×  109/L, no (%) 221 (54.89%) 69 (54.89%) 150 (54.3%) 0.9151

< 4 ×  109/L, no (%) 182 (45.11%) 58 (45.7%) 124 (44.8%) 0.9151
Lymphocyte 

count
0.8–3.2 ×  109/L, no (%) 273 (67.72%) 80 (63.0%) 177 (64.0%) 0.8253

< 0.8 ×  109/L, no (%) 145 (36.04%) 47 (37.0%) 98 (35.6%) 0.8253
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3. Table 1 shows that the clinical characteristics of the 
SDT + MPT and SDT groups were similar and comparable. 
Tables 2 and 3 show the average lymphocyte count, CRP, 

IL-6 level, LDH, respiratory rate, SpO2, PaO2, D-dimer and 
body temperature on days 1–16. Figures 3, 4 and 5 show the 
changing trends in lymphocyte count, CRP, IL-6 level, LDH, 

Table 2  Clinical characteristics and laboratory findings of the patients from Day1 to Day8

°C, Centigrade; min, Minute; mm Hg, Millimeter of mercury; CRP, C-reactive protein; mg/L Milligrams per liter; pg/ml, Pictogram per milli-
liter; ng/ml, Nanogram per milliliter; LDH, Lactic acid dehydrogenase; U/L, Unit per liter;  PaO2,pressure of arterial oxygen;IL-6, interleukin 6; 
 SpO2, pulse oximeter oxygen saturation. A, SDT + MPT. B, SDT

D1 D2 D3 D4 D5 D6 D7 D8

Lymphocyte 
count, ×  109/L

A 0.89 ± 0.51 1.02 ± 0.52 0.93 ± 0.54 1.18 ± 0.63 1.18 ± 0.79 1.21 ± 0.59 1.47 ± 0.71 1.59 ± 0.89
B 0.79 ± 0.33 0.91 ± 0.39 0.79 ± 0.26 0.97 ± 0.31 0.99 ± 0.33 0.92 ± 0.38 1.06 ± 0.46 1.17 ± 0.39

CRP (mg/L) A 30.33 ± 6.43 37.73 ± 8.36 26.28 ± 5.81 18.13 ± 3.81 15.32 ± 5.08 18.17 ± 3.26 15.63 ± 3.22 17.00 ± 4.29
B 19.15 ± 3.32 13.72 ± 2.47 21.57 ± 5.16 16.69 ± 3.92 17.46 ± 3.68 13.01 ± 2.33 19.82 ± 5.2 13.01 ± 3.81

IL-6 (pg/ml) A 13.59 ± 1.41 11.15 ± 1.77 16.75 ± 4.87 10.05 ± 1.32 11.63 ± 2.43 11.3 ± 2.27 6.74 ± 1.34 8.86 ± 0.98
B 11.49 ± 4.43 11.36 ± 3.18 9.45 ± 2.47 12.35 ± 3.88 19.78 ± 5.48 13.01 ± 3.51 12.97 ± 5.21 4.24 ± 1.12

Dimer (mg/L) A 1.61 ± 0.23 2.03 ± 0.68 1.76 ± 0.38 2.05 ± 0.63 1.55 ± 0.27 1.69 ± 0.37 2.27 ± 0.55 1.38 ± 0.18
B 2.11 ± 0.65 0.89 ± 0.12 1.63 ± 0.19 2.43 ± 0.73 1.53 ± 0.23 2.82 ± 0.46 2.16 ± 0.29 2.59 ± 0.59

LDH (U/L) A 701.8 ± 41.08 639.8 ± 109.2 861.2 ± 125.1 747.4 ± 97.09 676.6 ± 85.11 655.8 ± 93.18 564.3 ± 41.79 665.1 ± 75.61
B 668 ± 47.99 659.3 ± 53.33 620.4 ± 43.21 616 ± 40.98 542.1 ± 51.51 585.6 ± 34.58 525.7 ± 39.1 508.3 ± 35.74

Respiratory rate, 
breaths/ min

A 24.79 ± 0.50 24.22 ± 0.31 25.11 ± 0.52 23.98 ± 0.32 23.85 ± 0.26 23.29 ± 0.27 23.7 ± 0.26 23.3 ± 0.25
B 20.86 ± 0.56 20.66 ± 0.79 20.18 ± 0.71 21.24 ± 0.67 20.52 ± 0.67 20.21 ± 0.54 20.39 ± 0.63 19.83 ± 0.61

Body tempera-
ture,℃

A 37.3 ± 0.08 37.19 ± 0.10 36.95 ± 0.15 36.6 ± 0.34 36.89 ± 0.07 36.81 ± 0.07 36.52 ± 0.27 36.69 ± 0.09
B 37.18 ± 0.08 36.95 ± 0.09 37.06 ± 0.09 36.96 ± 0.07 36.78 ± 0.07 37 ± 0.07 37.04 ± 0.10 37.08 ± 0.11

PaO2 (mmHg) A 73.46 ± 4.61 84.88 ± 6.64 76.67 ± 3.23 82.79 ± 2.68 74.16 ± 1.61 78.97 ± 2.34 81.44 ± 2.69 81.52 ± 2.54
B 73.73 ± 1.90 77.64 ± 4 85.28 ± 3.28 77.44 ± 3.69 89.69 ± 7.79 89.71 ± 4.42 88.4 ± 4.53 83.91 ± 4.31

SpO2 (%) A 93.17 ± 1.05 95.67 ± 1.35 96.68 ± 0.34 97.63 ± 0.25 97.43 ± 0.27 98.29 ± 0.30 98.12 ± 0.30 97.76 ± 0.37
B 96.39 ± 0.62 97.74 ± 0.21 97.8 ± 0.26 97.63 ± 0.27 97.75 ± 0.25 98.21 ± 0.28 97.85 ± 0.32 98.36 ± 0.28

Table 3  Clinical characteristics and laboratory findings of the patients from Day9 to 16

°C, Centigrade; min, Minute; WBC, White blood cell; mm Hg, Millimeter of mercury; CRP, C-reactive protein; mg/L Milligrams per liter; pg/
ml, Pictogram per milliliter; ng/ml, Nanogram per milliliter; LDH, Lactic acid dehydrogenase; U/L, Unit per liter;  PaO2, pressure of arterial oxy-
gen; IL-6, interleukin 6;  SpO2, pulse oximeter oxygen saturation. A, SDT + MPT. B, SDT

D9 D10 D11 D12 D13 D14 D15 D16

Lymphocyte 
count, ×  109/L

A 1.58 ± 0.87 1.67 ± 0.89 1.48 ± 0.79 1.72 ± 0.94 1.49 ± 0.80 1.47 ± 0.67 1.61 ± 0.66 1.41 ± 0.56
B 0.99 ± 0.32 1.24 ± 0.52 1.01 ± 0.31 1.27 ± 0.37 1.05 ± 0.35 1.18 ± 0.45 1.25 ± 0.55 1.08 ± 0.52

CRP (mg/L) A 14.13 ± 3.68 6.41 ± 1.36 12.63 ± 4.05 10.56 ± 5.74 9.26 ± 3.57 4.27 ± 1.32 5.12 ± 1.39 4.75 ± 1.15
B 14.67 ± 4.41 9.42 ± 3.22 8.26 ± 3.08 5.96 ± 1.89 4.18 ± 1.62 5.99 ± 2.07 5.84 ± 2.17 3.98 ± 1.44

IL-6 (pg/ml) A 9.99 ± 1.19 7.60 ± 1.41 6.77 ± 1.12 6.98 ± 0.95 6.55 ± 0.55 6.41 ± 1.03 4.46 ± 0.56 5.55 ± 0.65
B 5.5 ± 1.25 6.63 ± 0.71 6.16 ± 0.83 5.25 ± 0.83 5.15 ± 0.88 6.39 ± 0.88 5.51 ± 0.72 5.15 ± 0.67

D-Dimer (mg/L) A 1.71 ± 0.37 1.44 ± 0.21 1.06 ± 0.09 1.24 ± 0.14 1.51 ± 0.24 1.65 ± 0.29 1.59 ± 0.30 0.77 ± 0.11
B 2.75 ± 0.68 2.81 ± 0.56 2.61 ± 0.93 2.59 ± 0.84 2.29 ± 0.83 1.93 ± 0.50 1.92 ± 0.33 1.13 ± 0.18

LDH (U/L) A 545.6 ± 81 563.4 ± 50.36 562.6 ± 73.89 511.7 ± 47.01 470.9 ± 62.18 488.1 ± 72.08 492 ± 45.23 401.9 ± 35.52
B 545.8 ± 35.2 526 ± 30.71 475.7 ± 41.26 405.1 ± 33.84 490.3 ± 44.95 461.6 ± 26.56 471.1 ± 32.1 448.4 ± 44.98

Respiratory rate, 
breaths min

A 23.04 ± 0.28 22.78 ± 0.20 23.47 ± 0.25 23.43 ± 0.26 23.34 ± 0.26 23.46 ± 0.30 23.29 ± 0.22 23.23 ± 0.21
B 19.64 ± 0.62 19.96 ± 0.58 19.96 ± 0.46 20.08 ± 0.53 19.31 ± 0.49 19.58 ± 0.52 19.41 ± 0.48 18.59 ± 0.45

Body tempera-
ture,℃

A 36.73 ± 0.05 36.69 ± 0.06 36.69 ± 0.06 36.62 ± 0.04 36.69 ± 0.06 36.64 ± 0.05 36.68 ± 0.05 36.54 ± 0.13
B 36.9 ± 0.08 37.1 ± 0.11 36.07 ± 1.00 38.08 ± 0.94 37.13 ± 0.10 37.12 ± 0.08 37.01 ± 0.08 36.92 ± 0.08

PaO2 (mmHg) A 81.82 ± 2.85 76.26 ± 2.41 79.07 ± 2.69 84.36 ± 3.07 86.77 ± 5.61 83.11 ± 4.59 81.12 ± 3.80 93.33 ± 5.08
B 84.09 ± 5.55 78.5 ± 2.81 81.49 ± 1.57 84.57 ± 4.16 85.25 ± 5.34 87.33 ± 3.76 85.5 ± 9.5 92.77 ± 3.17

SpO2 (%) A 97..92 ± 0.28 98.25 ± 0.31 98.13 ± 0.28 98.14 ± 0.31 98.31 ± 0.37 98.31 ± 0.40 98.5 ± 0.39 98.5 ± 0.28
B 98.1 ± 0.29 98.34 ± 0.22 98.16 ± 0.33 98.28 ± 0.34 98.85 ± 0.28 98.6 ± 0.26 99.13 ± 0.24 98.87 ± 0.34
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respiratory rate, SpO2, PaO2, D-dimer and body tempera-
ture on days 1–16.

Tables 2 and 3 and Figs. 3, 4 and 5 show that the chang-
ing trends of lymphocyte count, CRP, IL-6 level, LDH, 

respiratory rate, SpO2, PaO2, D-dimer and body temperature 
are similar between the SDT + MPT and SDT groups. The 
SDT + MPT group seemed to improve faster than the SDT 
group. However, the results were not statistically significant. 

Fig. 3  Variation characteristics 
of body temperature, respira-
tory rate, pressure of arterial 
oxygen and oxygen saturation in 
patients with a high-risk com-
mon type COVID-19 pneumo-
nia in the two groups
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Patients in the SDT + MPT group treated with methylpredni-
solone received an intravenous injection at a median interval 
of five days (IQR, 3 to 7 days). No deaths or methylpred-
nisolone side effects occurred in either the SDT + MPT or 
the SDT group. None of the patients received mechanical 
ventilation or extracorporeal membrane oxygenation.

Average hospitalization days

The average hospitalization was 14.56 ± 0.57 days for the 
SDT + MPT group and 16.55 ± 0.3 days for the SDT group. 
There was significant difference between the two groups 
(t = 3.346, p = 0.0009). Figure 6A compares the average 
number of days for hospitalization days in patients with a 
high-risk common type of COVID-19 pneumonia in the two 
groups.

The 16‑day nucleic acid negative rate

The 16-day nucleic acid negative rate was 81.73% (104/127) 
for the SDT + MPT group and 65.27% (180/276) for the SDT 
group. These findings represented a statistically significant 
difference between the two groups (p = 0.0006). Figure 6B 
shows the differences in the 16-day nucleic acid negative 

rates for patients with a high-risk common type COVID-19 
pneumonia in the SDT + MPT and SDT groups.

Rate of progression to severe type COVID‑19

The rate of progression to severe type COVID-19 pneu-
monia was 21.26% (27/127) for the SDT + MPT group and 
32.4% (89/276) for the SDT group. These data represented 
a statistically significant difference between the two groups 
(p = 0.0247). Figure 6C shows the differences between the 
SDT + MPT and SDT groups in the rates of progression for 
patients with a high-risk common type COVID-19 pneumo-
nia to a more severe type.

Discussion

For patients with a high-risk common type COVID-19 
pneumonia, the changing trends in lymphocyte count, 
CRP, IL-6 level, LDH, respiratory rate, SpO2, PaO2, 
D-dimer and body temperature did not significantly dif-
fer between the SDT + MPT and SDT groups. Our results 
were consistent with a report by Wang et al. [23]. A pattern 
of cytokines resembling secondary hemophagocytic lym-
phohistiocytosis was associated with SARS-CoV-2 infec-
tion [24]. One study showed that patients with higher IL-6 

Fig. 4  Variation characteris-
tics of lymphocyte count and 
C-reactive protein in patients 
with a high-risk common type 
COVID-19 pneumonia in the 
two groups
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levels responded better to methylprednisolone treatment as 
proposed in this study because IL-6 is considered a sur-
rogate marker for the extent of lung involvement. Because 
these results show that patients with more extensive lung 
damage might benefit more from methylprednisolone treat-
ment, our findings are consistent with these studies [25].

Another study suggested possible benefits in the use 
of corticosteroids in patients with severe COVID-19 and 
hyperinflammation diagnosed based on their cytokine 
elevation profile [26]. In our research, methylpredniso-
lone treatment quickly improved the respiratory rate, SpO2 
and PaO2. Furthermore, the protective effect of methyl-
prednisolone was more profound in cases showing higher 
IL-6, D-dimer and CRP levels; the exception was LDH. 

This finding is not consistent with the literature [25], likely 
because our research subjects were not in the severe stage 
of COVID-19 pneumonia.

In this study, patients received intravenous injections of 
methylprednisolone for a median of 5 days. Siddiqi et al. 
reported a median of 10 days; this difference may be related 
to the severity of the disease and the distinct stage during 
treatment. The latter cases were primarily the severe type of 
COVID-19 pneumonia [27]. This suggests that the length 
of time for methylprednisolone treatment was significantly 
shorter in patients with a high-risk common type COVID-
19 pneumonia than in those with a severe type COVID-19 
pneumonia. Simultaneously, the side effects were lower in 

Fig. 5  Variation characteristics 
of interleukin 6, lactic acid 
dehydrogenase and D-dimer in 
patients with a high-risk com-
mon type COVID-19 pneumo-
nia in the two groups
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the high-risk common type COVID-19 pneumonia than in 
the severe type.

In contrast, our results showed that the average number of 
hospitalized days for patients with a high-risk common type 
COVID-19 pneumonia was significantly shorter in patients 
treated with methylprednisolone than in those not treated. 
Furthermore, the progression rate in patients with a high-
risk common type COVID-19 pneumonia to a more severe 
type was visibly lower in patients treated with methylpred-
nisolone than in those not treated.

Finally, the 16-day nucleic acid negative rate of patients 
with a high-risk common type COVID-19 pneumonia was 
markedly higher in patients treated with methylpredniso-
lone than in those not treated. These results support the use 
of methylprednisolone in patients with a high-risk common 
type COVID-19 pneumonia. Siddiqi et al. also reported that 
early treatment with anti-inflammatory therapies such as 
steroids when hypoxia develops may be beneficial due to 
the predominant role of inflammation in the disease’s patho-
physiology [27].

Some studies have reported that methylprednisolone 
use in patients with SARS-CoV-2 may be harmful because 
of a delay in viral clearance; however, this theory was not 

confirmed in a study by Fang et al. [28]. Shang et al. [29] 
concluded that the evidence regarding the use of methylpred-
nisolone was inconclusive. It is worth considering whether 
methylprednisolone should be used in the course of COVID-
19 pneumonia and when the optimal timing for MPT treat-
ment is.

However, in our study, the 16-day nucleic acid negative 
rate of patients with a high-risk common type COVID-19 
pneumonia was markedly higher in patients treated with 
methylprednisolone than in those not treated. This finding 
means that methylprednisolone treatment in patients with a 
high-risk common type COVID-19 pneumonia may be more 
beneficial for the 16th-day clearance of SARS-CoV-2 infec-
tion than without its treatment. The difference is attributable 
to the anti-inflammatory effects of methylprednisolone in 
patients with COVID-19 pneumonia, and the early relief of 
dyspnea is more conducive to ensure oxygen supply to all 
organs and improve systemic immunity.

Although some guidelines recommend using methylpred-
nisolone only in COVID-19 patients who are intubated [30, 
31], our research indicated that methylprednisolone treat-
ment was beneficial in patients with a high-risk common 
type COVID-19. These benefits apply to the 16-day nucleic 
acid negative rate, the rate of progression to severe COVID-
19 pneumonia and the average hospitalization days. This 
also means that the use of methylprednisolone may be appro-
priate in patients with a high-risk common type COVID-19 
pneumonia.

If methylprednisolone is used to only treat more advanced 
stages of COVID-19, we might miss a therapeutic window 
to prevent the progression to severe acute respiratory dis-
tress syndrome; therefore, this may prevent the need for 
mechanical ventilation, death and high costs. However, the 
optimal period for methylprednisolone treatment remains to 
be clarified. In our study, methylprednisolone use in patients 
with a high-risk common type COVID-19 pneumonia was 
effective and beneficial, meaning that patients with a high-
risk common type COVID-19 pneumonia present an optimal 
opportunity for timely treatment with methylprednisolone.

Nevertheless, our study has a few limitations. First of all, 
because the medical records were not detailed, our retrospec-
tive study did not allow us to collect all clinical data related 
to the patients; as a result, the duration of symptoms that 
may be a high risk of progression to severe/critical COVID-
19 were not evaluated. Second, the observation duration of 
patients in this study may not be adequate to affirm how long 
the treatment efficacy of methylprednisolone; will last or 
if death or other side effects occur after patient discharge? 
This problem is also the focus of our future study. One thing 
was clear, no patient death occurred within 3 months after 
discharge though our follow-up.

Our study suggests that methylprednisolone has poten-
tial efficacy in the treatment of patients with a high-risk 

Fig. 6  Contradistinction of the average hospitalization days, 16-day 
nucleic acid negative rate and the rate of progression to a severe stage 
in patients with a high-risk common type COVID-19 pneumonia 
in the two groups. A contrast of hospitalization days; B contrast of 
16-day nucleic acid negative rate; C contrast of progression to severe 
type
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common type COVID-19 pneumonia, but it is necessary to 
implement randomized clinical trials to clarify the role of 
methylprednisolone in treatment. The optimal timing for 
the use of methylprednisolone and the risk/benefit ratio 
of treatment remain to be documented. Furthermore, it is 
unknown if the same methylprednisolone dose would be 
appropriate for different stages of COVID-19 and what the 
therapeutic ceiling might be.

Conclusions

The data from the medical records of 403 patients with a 
high-risk common type COVID-19 pneumonia were col-
lected. Of the total, 127 patients were in the SDT + MPT 
group, and 276 patients were in the SDT group. No deaths 
or drug side effects occurred in either group. None of the 
patients received mechanical ventilation or extracorporeal 
membrane oxygenation. Patients in the SDT + MPT group 
received an intravenous injection of methylprednisolone at 
a median interval of 5 days (IQR, 3 to 7 days). The chang-
ing trends in lymphocyte count, CRP, IL-6 level, LDH, 
respiratory rate, SpO2, PaO2, D-dimer and body tempera-
ture were similar between the two groups. The SDT + MPT 
group seemed to improve faster than the SDT group; how-
ever, the difference was not statistically significant.

The average number of days hospitalized and the rate 
of progression to the severe type of COVID-19 pneumonia 
were significantly lower in the SDT + MPT group than in 
the SDT group. The 16-day nucleic acid negative rate was 
markedly higher in the SDT + MPT group than in the SDT 
group. These results support the use of methylpredniso-
lone in patients with a high-risk common type COVID-19 
pneumonia. Methylprednisolone therapy prevents patients 
with a high-risk common type COVID-19 pneumonia from 
progressing to the severe stage. This study is the first to 
demonstrate that patients with a high-risk common type 
COVID-19 pneumonia may benefit from the timely use 
of methylprednisolone, and an earlier stage of COVID-19 
pneumonia may be an optimal opportunity for the timely 
treatment with methylprednisolone.
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