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ARTICLE INFO ABSTRACT

Edited by Yu Ru Kou This study was aimed to explore the precise dose of corticosteroid therapy in critical COVID-19. A total of forty-

five critical COVID-19 patients were enrolled. The process of critical COVID-19 was divided into alveolitis and

Keywords: fibrosis stages. Most nonsurvivors died in fibrosis phase. Nonsurvivors had more dyspnea symptoms, fewer days
EOVID'lg d of hospitalization, shorter duration of alveolitis and fibrosis. High-dose daily corticosteroid therapy (>150 mg/d)
orticosteroi

was associated with shorter survival time and lower lymphocyte count in fibrosis phase. Moreover, a high cu-
mulative dose (>604 mg) was tied to longer duration of virus shedding, lower oxygenation index (OI), higher
incidence of tracheal intubation, fewer lymphocytes and higher levels of C-reactive protein (CRP) and lactate
dehydrogenase (LDH). In alveolitis phase, the low-to-moderate-dose daily corticosteroid therapy and a small
cumulative dose reduced lymphocytes. In conclusion, low-to-moderate dose corticosteroids may be beneficial in
the fibrosis phase. High-dose corticosteroid therapy in the fibrosis phase aggravates the severity of critical

Pulmonary fibrosis
Overall survival
Lymphocytes

COVID-19.

1. Introduction

In December 2019, a series of coronavirus disease 2019 (COVID-19)
caused by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) broke out in Wuhan, Hubei, China. Since then, it has rapidly
swept around the world with a basic reproductive number of 2.68 (95 %
CI, 2.47-2.86) (Heymann and Shindo, 2020; Wu et al., 2020a, 2020b),
leading the WHO to announce the event constitutes a Public Health
Emergency of International Concern (PHEIC) (World Health Organiza-
tion, 2020). The disease may quickly progress to life-threatening acute
respiratory distress syndrome (ARDS) (Wu et al., 2020a, 2020b) and risk
factors included older age, lymphocytes, organ and coagulation
dysfunction (eg, higher lactate dehydrogenase (LDH), C-reactive protein
(CRP), p-Dimer(DD)) (National Health Commission of the People’s Re-
public of China, 2020).

The viral genes of 2019-nCoV and SARS-CoV are highly homologous.
Lung tissue often presents with acute diffuse alveolar injury in the early
stage of SARS-CoV infection and organic pneumonia and/or extensive
fibrosis in the pathologically advanced stage (Bradley and Bryan, 2019;

Ding et al., 2003; Ye et al., 2020). CT images and pathological findings of
critical COVID-19 patients often have consistent manifestations. Chest
CT images have been used to diagnose and monitor disease progression
and evaluate therapeutic efficacy (National Health Commission of the
People’s Republic of China, 2020), even when COVID-19 patients had
false-negative RT-PCR results (Fang and Zhang, 2020; Huang and Liu,
2020; Xie and Zhong, 2020). Bilateral distribution of ground-glass
opacities (GGO) and early infiltration in the posterior and peripheral
lungs are the major hallmarks of COVID-19 in Chest CT images (Pan and
Ye, 2020; Ye et al., 2020; Zhou et al., 2020a, 2020b), consistent with
pathological findings of COVID-19 patients died in 14 days with ARDS,
including pneumocytes desquamation, hyaline membrane formation,
interstitial monocytes and lymphocytes inflammatory infiltrates (Xu
et al., 2020), indicating an acute alveolitis stage. Moreover, in the late
stage, the incidence of air bronchogram, bronchiectasis, reticular
pattern, and other fibrosis changes in severe cases was significantly
higher than that in the mild case group, meaning that the disease had
progressed to the pulmonary fibrosis stage (National Health Commission
of the People’s Republic of China, 2020;Ye et al., 2020; Zhou et al.,
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2020a, 2020b). This finding was further supported by autopsy results of
critical COVID-19 patients who died in 17-19 days and which exhibited
significant proliferation of type II alveolar epithelia, organization of
exudates in some alveolar cavities, and pulmonary interstitial fibrosis
(Yao et al., 2020).

The underlying pathogenesis of severe influenza infection is char-
acterized by overproduction of proinflammatory cytokines/chemokines
and activated lymphocytes, leading to severe lung damage and delayed
recovery (Louie et al., 2009; Mauad et al., 2010; Shieh et al., 2010; Yang
etal., 2014; Yuetal.,, 2011; Zhao et al., 2012). Although corticosteroids
were widely used in SARS, Middle East respiratory syndrome (MERS),
and COVID-19 (Arabi et al., 2018;Huang et al., 2020; Stockman et al.,
2006), the indication and curative effects of corticosteroid therapy are
still disputed. Corticosteroid treatment may potentially decrease mor-
tality and ameliorate acute lung injury induced by influenza A (HIN1)
pdmO09 virus (Li et al., 2012; Ottolini et al., 2003) and it may be bene-
ficial for COVID-19 patients who developed ARDS on disease progres-
sion (Wu et al., 2020a, 2020b). Yet insufficient evidence exists to
recommend corticosteroid treatment for 2019-nCoV lung injury (Russell
et al., 2020). Current interim guidance from the WHO on the clinical
management of SARS-CoV-2 infection advises against the use of corti-
costeroids unless otherwise indicated (World Health Organization,
2020), while the National Health Commission of the People’s Republic
of China has suggested that corticosteroid therapy could be used for
progressive critical COVID-19 patients (National Health Commission of
the People’s Republic of China, 2020).

This study aimed to describe the clinical characteristics of critical
COVID-19 patients and to explore the effects of different doses of
adjuvant corticosteroid therapy in alveolitis and fibrosis stages accord-
ing to the CT findings and its predictive value for clinical prognosis.

2. Materials and methods
2.1. Study design and participants

All patients aged fourteen or over were enrolled in the ICU ward of
the Third People’s Hospital of Yichang City (one of the mostly epidemic
areas in China) from January 27 to March 20, 2020. According to the
WHO interim guidance (World Health Organization, 2020), a total of 45
patients were subsequently confirmed as critical COVID-19 cases and
jointly diagnosed by a Multidisciplinary diagnosis and treatment (MDT)
team composed of infectious disease experts, respiratory medicine staff,
critical care medical staff, and emergency medicine staff. Critical cases
were met with any one of the following: respiratory failure and required
mechanical ventilation, the occurrence of shock, and combined failure
of other organs that required ICU monitoring and treatment (National
Health Commission of the People’s Republic of China, 2020). Patients
who had previously received chronic corticosteroid therapy had been
excluded. All discharged survivors were detected with twice negative
nucleic acid tests of throat swab samples (National Health Commission
of the People’s Republic of China, 2020).

Systemic corticosteroid therapy in the disease course was defined as
any intended therapeutic use of corticosteroids, including methylpred-
nisolone, and/or prednisolone via oral or intravenous routes, but
excluding inhalational therapy. Low-to-moderate-dose daily corticoste-
roids were defined as 25—150 mg.d~! methylprednisolone or equiva-
lent, while high-dose daily corticosteroids were defined as >150 mg.d !
methylprednisolone or equivalent (Lamontagne et al., 2010; Tagami
et al., 2015; Tang et al., 2009). No patients had received corticosteroid
therapy at a certain dose range of 0—25 mg/d. Patients without corti-
costeroid treatment were classified as the corticosteroid-free group.

2.2. Cases collection

The cases were collected according to the methods of Xiao-Ting Lv
et al. 2020[31].General information included age, gender, days from
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illness onset to hospital admission, history of living/traveling in the
epidemic area, comorbidities such as chronic obstructive pulmonary
disease (COPD), hypertension, coronary heart disease, cerebrovascular
disease, diabetes, renal dysfunction, malignant tumors, administration
of immunosuppressive agents and so on, clinical symptoms on admission
(fever, cough, dyspnea, fatigue and others), duration of viral shedding,
days of hospitalization, disease duration, duration of alveolitis and
fibrosis phases, rate of shock, incidence of tracheal intubation, and time
of tracheal intubation. Chest CT images were used to make a distinction
between the alveolitis and fibrosis phases.

2.3. Laboratory inspection

The hemolytic agents for blood cell analysis were detected by the
detection Kit (CF-294—754) ordered from Sysmex Co., Ltd. (Japan).
Recommended reference range for the normal population of lympho-
cytes is (1.26-3.35) %x10%/L. The serum concentrations of CRP were
detected by the detection Kit (no. P02219200) ordered from Getein
Biotech Co., Ltd. (China). The recommended reference range for the
normal population is (0-10) mg/L. The serum concentrations of D-dimer
(DD) were detected by the detection Kit (no.C1.02.3602) ordered from
Jiangsu Changxing Medical Technology Co., Ltd. (China). The recom-
mended reference range for the normal population is (0-1.35) mg/L.
The serum concentrations of LDH were detected by the detection Kit (no.
A0701) ordered from Sichuan Chengdu New Health City Biological Co.,
Ltd. (China). The recommended reference range for the normal popu-
lation is (109-245) U/L. The arterial partial pressure of oxygen (Pa02)
were detected by a blood gas analyzer (i-STAT1 300) ordered from
Abbott Laboratories (USA). Throat swab samples of the patients were
collected and fluorescent PCR was used to detect the coronavirus RNA of
SARS-CoV-2 by using the new coronavirus 2019-nCov nucleic acid
detection kit (no. DA0930-DA0932) provided by Sun Yat-sen University
Daan Gene Co., Ltd. (China). Those who were positive for RNA detection
were identified as confirmed cases.

2.4. Statistical analysis

Statistical analysis was performed using the SPSS 18.0 software
package (SPSS Inc., Chicago, IL, USA). Continuous variables were
expressed as median (interquartile range, IQR) and compared by Mann-
Whitney U test Comparisons were made by y? test for categorical vari-
ables. Survival data were analyzed by using Kaplan-Meier survival
curves and log-rank (Mantel-Cox) test. For all tests, a two-sided P val-
ue<0.05 was considered statistically significant.

3. Results
3.1. Clinical presentation of patients with critical COVID-19

Patients were included and divided into nonsurvivors (n = 17) and
survivors (n = 28) groups. Nonsurvivors had fewer days of hospitali-
zation, a shorter duration of disease in both alveolitis and fibrosis stages,
and more dyspnea symptoms than survivors (P = 0.0003, 0.001, and
0.015, respectively). There was no significant difference between the
two groups in age (P = 0.806), gender (P = 0.463), days from illness
onset to hospital admission (P = 0.564), duration of viral shedding (P =
0.071), or history of living/traveling in Wuhan city (P = 0.051) as well
as complications. Compared with survivors, nonsurvivors had lower OI
(P < 0.0001), higher rates of shock (P < 0.0001), increased incidence of
tracheal intubation, and longer tracheal intubation time (P = 0.0001
and 0.001, respectively) during hospitalization. Significantly elevated
levels of LDH, CRP and DD, fewer lymphocytes as well as a greatly
increased degree of LDH and CRP in the fibrosis stage was demonstrated
in nonsurvivors compared survivors (Table 1).
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Table 1
Univariate predictors of adverse event and laboratory findings in patients with
critical COVID-19.

Variables Groups
Non-survivors(n = Survivors (n = P value
17) 28)
Age, year 69.0(63.5—78.0) 68.5 -
(56.0-77.0)
Gender (%) -
Male 11(64.7) 15(53.6)
Female 6(35.3) 13(46.4)
Days from illness onset to 5.0(2.0-10.0) 5.5(4.0-8.0) -
hospital admission
Living/traveling in Wuhan 14(82.4) 15(53.6) -
city
Comorbidity on admission
COPD (%) 3(17.6) 3(10.7) -
Coronary heart disease (%) 7(41.2) 6(21.4) -
Diabetes (%) 5(29.4) 7(25.0) -
Hypertension (%) 10(58.8) 11(39.3) -
Cerebrovascular disease (%) 3(17.6) 7(25.0) -
Renal dysfunction (%) 2(11.8) 5(17.9) -
Malignant tumors (%) 2(11.8) 3(10.7) -
Administration of 1(5.9) 0(0.0) -
immunosuppressive agents
(%)
Others' 7(41.2) 6(21.4) -
Clinical symptoms on
admission
Fever 13(76.5) 24(85.7) -
Cough 7(41.2) 18(64.3) -
Dyspnea 9(52.9) 4(14.3) .015
Fatigue 5(29.4) 4(14.3) -
Others 5(29.4) 4(14.3) -
Duration of viral shedding 8.0(6.0—18.0) 12.5(9.0—-21.5) -
(day)
Days of hospitalization 14.0(8.0—24.5) 33.5 .0003
(18.3—-38.8)
Disease duration(day) 23.0(15.5-29.5) 39.0 .001
(26.3—45.8)
Duration of alveolitis phase 12.0(8.0-17.5) 17.5 .005
(day) (14.3-21.0)
Duration of fibrosis phase 10.0(5.5-15.5) 20.0 .006
(day) (12.0-26.0)
Lowest OI (PaO2/FiO2, 48.0(37.0—67.5) 206.0 <.0001
mmHg) (90.5—240.0)
Rate of shock (%) 13(76.5) 1(3.6) <.0001
Incidence of tracheal 10(58.8) 1(3.6) .0001
intubation (%)
Time of tracheal intubation 4.0(0.0-7.0) 0.0(0.0-0.0) .0001
(day)
Highest LDH in alveolitis 499.0 365.0 -
stage (U/L) (327.0-682.8) (283.0—495.5)
Highest LDH in fibrosis stage ~ 1303.0 277.5 <.0001
(U/L) (847.3—2922.8) (224.3-341.3)
Increase degree of LDH (U/L) —495.0 94.0 <.0001
L (-2333.8-313.8) (-15.0—-140.0)
Highest CRP in alveolitis 66.2(26.1-160.5) 77.0 -
stage (mg/L) (52.9-124.5)
Highest CRP in fibrosis stage ~ 162.4 21.6 <.0001

(mg/L) (115.7-202.0) (10.3-65.0)
Increase degree of CRP (mg/ —131.8(—160.0 to 45.5(0.4—86.0) .0001
L’ -8.0)

0.47(0.35—-0.64) 0.57 -
(0.49-0.72)

Lowest lymphocytes in
alveolitis stage
(x10%)

Lowest lymphocytes in 0.34(0.13-0.38) 0.73 <.0001
fibrosis stage (0.52—-0.93)
(x10%)

Increase degree of 0.20(0.00—0.38) -0.17 .019
lymphocytes (x10°) (-0.44-0.08)

Highest DD in alveolitis stage 4.6(0.9-10.3) 2.1(0.8-13.0) -
(mg/L)

17.4(11.3-39.3) 3.4(1.5-17.4) .001
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Table 1 (continued)

Variables Groups
Non-survivors(n = Survivors (n = P value
17) 28)

Age, year 69.0(63.5—78.0) 68.5 -

(56.0—77.0)
Highest DD in fibrosis stage
(mg/L)
Increase degree of DD (mg/L)  —11.6(-32.8—0.5) 0.1(-2.2—-4.1) .026

t Thyroid dysfunction, prostatic hyperplasia, schizophrenia.
i Arthralgia, sputum, dizziness, nausea, chest pain, diarrhea.
§ Time from illness onset to death or discharge, days.

Y Difference between alveolitis and fibrosis stages.

3.2. Imaging features of critical COVID-19

Chest CT imaging findings in our study confirmed that all critical
patients had both alveolitis and fibrosis stages, consistent with the
existing literature reports (National Health Commission of the People’s
Republic of China, 2020; Zhou et al., 2020a, 2020b). Diffuse pulmonary
infiltration was evident shown in the alveolitis stage, at which point
period tracheal intubation and invasive mechanical ventilation were
often performed as patients’ condition deteriorated (Fig. 1A). After a few
days of treatment with different doses of corticosteroids, some patients
were extubated as lesions of GGO exhibited reduced and slight range
(Fig. 1B). Only a small number of nonsurvivors failed to pass through the
crisis of the alveolitis stage and died in the alveolitis stage (3/17). The
illness frequently progressed into the fibrosis stage, characterized by
consolidation and obvious changes of diffuse interstitial fibrosis
including signs of air bronchogram sign, bronchiectasis, and reticular
pattern were shown on Chest CT (Fig. 1C). Notably, most nonsurvivors
died in the fibrosis phase (14/17). Due to a few days of treatment with
corticosteroids in the fibrosis stage, interstitial fibrosis was absorbed
gradually, and Chest CT in survivors exhibited a scanty amount of
shadows of irregular linear or fibrotic reticular appearance accompanied
by bronchiectasis (Fig. 1D-F).

3.3. Relationship between lymphocyte counts and corticosteroid therapy
in patients with critical COVID-19

The cutoff point of the cumulative dose of corticosteroids adminis-
trated in the alveolitis phase for differentiating nonsurvivors from sur-
vivors was 180 mg, according to the receiver operating characteristic
curve (ROC) analysis. Therefore, cases were divided into three groups
based on cumulative dose of corticosteroids in the alveolitis phase: a
corticosteroid-free group, a low-to-moderate dose group (less than 180
mg), and a high dose group (more than 180 mg). Our results showed that
a high cumulative dose (Fig. 2A) and a low-to-moderate daily dose of
corticosteroid therapy (Fig. 2B) positively reduced the counts of pe-
ripheral lymphocytes.

The cutoff point for the cumulative dose of corticosteroids adminis-
trated in the fibrosis phase for differentiating nonsurvivors from survi-
vors was 604 mg, according to the ROC analysis. Additionally, the
cumulative doses of corticosteroids administrated in the fibrosis phase
were divided into three groups: a corticosteroid-free group, a low-to-
moderate group (less than 604 mg) and a high dose group (more than
604 mg). Compared with corticosteroid-free treatment and low-to-
moderate dose corticosteroid therapy, high cumulative dose (Fig. 2C)
and the high daily dose of corticosteroid therapy (Fig. 2D) tended to
have lower levels of lymphocytes in the fibrosis phase. Moreover, the
median survival interval in the high daily dose of corticosteroid therapy
group (>150 mg/d) was markedly shorter than the low-to-moderate
(25-150 mg/d) or free corticosteroid group (26.0 vs 39.0, P = 0.0004;
26.0 vs 29.0, P = 0.001, respectively) during the fibrosis phase (Fig. 2F),
although there was no difference among these groups in the alveolitis
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Fig. 1. Chest CT of a 54-year-old woman (survivor, case 1) with critical COVID-19 in different phases.

(A) Chest CT showed multifocal and bilateral GGO in alveolitis stage (Day 8 of illness). Tracheal intubation and invasive mechanical ventilation was performed as
patient’s condition deteriorated. (B) After few days of treatment with low-to-moderate-dose corticosteroid (80 mg/d) and invasive mechanical ventilation, we
performed extubation and the second Chest CT exhibited reduced and slight range of GGO in alveolitis stage (Day 16 of illness). (C) As the illness progressed again,
diffuses changes of interstitial fibrosis such as such as air bronchogram sign, bronchiectasis and reticular pattern were showed on Chest CT (Day 24 of illness). (D-E)
After few days of treatment with low-to-moderate-dose corticosteroid (120 mg/d) and invasive mechanical ventilation in fibrosis stage, interstitial fibrosis lesions
were absorbed gradually (Day 29 of illness and Day 34 of illness). (F) The last CT before discharge showed scanty amount of shadows of irregular linear or fibrotic

reticular appearances accompanied by bronchiectasis (Day 39 of illness).
phase (Fig. 2E).

3.4. Association between laboratory findings and corticosteroid therapy in
patients with critical COVID-19

There was no difference in the duration of viral shedding between
patients treated with different doses of corticosteroids in the alveolitis
phase (Fig. 3A). However, in the fibrosis phase, a high cumulative dose
of corticosteroid therapy (>604 mg) was significantly associated with
longer duration of virus shedding, lower OI, a higher incidence of
tracheal intubation, and higher levels of CRP and LDH, when compared
to corticosteroid-free and low-to-moderate dose of corticosteroid

therapy (less than 604 mg) (Fig. 3B, C, E, and G). Additionally, the rates
of shock complications in patients treated with the high cumulative dose
of corticosteroid were higher than the corticosteroid-free group,
although there was no difference between high and low-to-moderate
doses of corticosteroid therapy groups (Fig. 3D). Serum DD levels did
not differ between groups (Fig. 3H).

4. Discussion
Our results showed that comprising of 45 hospitalized critical

COVID-19 patients, among whom 73.3 % were older than 60 years. Most
nonsurvivors of critical COVID-19 patients in the study died in the
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Fig. 2. The relationship between lymphocyte count and corticosteroid therapy in patients with critical COVID-19.

(A-B) In alveolitis phase, a relatively small cumulative dose of corticosteroid (>180 mg, according to the ROC analysis) and a low-to-moderate-dose daily corti-
costeroid therapy (25—150 mg/d) can reduce the counts of peripheral lymphocytes. (C-D) In fibrosis phase, the high-dose daily corticosteroid therapy (>150 mg/d)
and high cumulative dose (>604 mg, according to the ROC analysis) corticosteroid therapy was associated with significantly lower levels of lymphocyte, compared
with corticosteroid-free treatment and low-to-moderate daily dose corticosteroid therapy (25—150 mg/d). The relationship between the survival time and the dose of
corticosteroid therapy in the alveolitis phase (E) or fibrosis phase (F) was analyzed by Kaplan-Meier analysis and log-rank test. Although there was no difference in
survival time between patients with different doses corticosteroids in alveolitis phase, patients with high daily dose corticosteroid (>150 mg/d) had a significantly
shorter survival days compared to corticosteroid-free treatment and low-to-moderate daily dose corticosteroid therapy in fibrosis phase.

fibrosis phase (14/17) and had a shorter duration of alveolitis and
fibrosis, more severe symptoms of dyspnea at its onset, lower O, higher
rate of shock, increased incidence of tracheal intubation and longer time
of tracheal intubation. Our study also demonstrated elevated levels of
LDH, CRP, and DD, fewer lymphocytes in the fibrosis stage in non-
survivors than survivors, as well as an increased degree of LDH and CRP
in the alveolitis and fibrosis stages of nonsurvivors. In addition, high-
dose daily corticosteroid therapy (>150 mg/d) was significantly asso-
ciated with a shorter survival time and lower levels of peripheral lym-
phocytes in the fibrosis phase. High cumulative dose (>604 mg) in the
fibrosis phase was also associated with a longer duration of virus
shedding, lower OI, higher incidence of tracheal intubation, higher in-
cidences of shock, fewer lymphocytes and higher levels of CRP and LDH
than corticosteroid-free and low cumulative dose group (<604 mg). In

the alveolitis phase, even a low-to-moderate-dose daily corticosteroid
therapy (25—150 mg/d) and a relatively small cumulative dose (>180
mg) can reduce the counts of lymphocytes, although different doses of
corticosteroids yielded no difference in patient survival time.

Stratified analysis of critical COVID-19 patients with different stages
was performed according to the Chest CT imaging findings of alveolitis
and fibrosis stages. In the alveolitis phase, our results showed that even
small-dose corticosteroid therapy could reduce the counts of lympho-
cytes, but there was no difference in survival time and duration of viral
shedding between patients treated with different corticosteroids dose.
Only a small number of nonsurvivors failed to pass through the crisis of
alveolitis stage and died in the alveolitis stage (3/17). Previous studies
on ARDS revealed that low-to-moderate dose corticosteroids reduced
mortality significantly, but high-dose (>2.0 mg kg—-1-d-1
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Fig. 3. Association between laboratory findings and the corticosteroid therapy in patients with critical COVID-19.

(A) In alveolitis phase, there were no differences in duration of viral shedding between patients treated with different doses of corticosteroid. (B-C, E-G) In fibrosis
phase, high cumulative dose of corticosteroid therapy(>604 mg) was associated with longer duration of virus shedding, lower OI, higher incidence of tracheal
intubation and higher levels of CRP and LDH than corticosteroid-free and low-to-moderate dose of corticosteroids therapy (<604 mg). (D) High cumulative dose of
corticosteroid also positively related to higher rates of shock complications when compared to corticosteroid-free therapy. (H) There was no difference in DD levels

between patients treated with different doses of corticosteroids.

methylprednisolone) daily corticosteroid therapy had no such benefit
(Lamontagne et al., 2010; Tang et al., 2009). Although early cortico-
steroid treatment was associated with a higher subsequent plasma viral
load in SARS (Lee et al., 2004a), corticosteroids could be used for
COVID-19 patients with progressive deterioration of OI, rapid progress
of imaging and short hyperactivation time of inflammatory reaction.
Early treatment of corticosteroids may be an independent prognostic
factor in patients with IPF-AE (Atsumi et al., 2018). A proper dose of
corticosteroid therapy in the first 3-5 days could enhance oxygen

saturation (SaO2) and arterial oxygen tension (PaO2)/inspiratory oxy-
gen fraction (FiO2), and might not increase ICU mortality in critical
COVID-19 patients, thus precise corticosteroid therapy may have po-
tential benefits for critical COVID-19 in the alveolitis phase (National
Health Commission of the People’s Republic of China, 2020; Zhou et al.,
2020a, 2020b). Severe COVID-19 cases showed elevated levels of
proinflammatory cytokines (TNF-a, IL-1, and IL-6) and chemokines
(IL-8) compared to mild cases, and pathological findings in COVID-19
patients showed pneumocytes desquamation, hyaline membrane
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formation, interstitial monocytes and lymphocytes inflammatory in-
filtrates, indicating acute respiratory distress syndrome (Xu et al., 2020),
which were similar to the results in SARS and MERS (Min et al., 2016;
Wong et al., 2004). Cytokine storms made damaged tissues worse,
leading to diffuse lung infiltration as showed on our Chest CT in the
alveolitis stage. Low-to-moderate dose corticosteroids might have mul-
tiple effects on damaged tissues through inhibiting immune-related cy-
tokines in the acute alveolitis phase, therefore low-to-moderate dose
corticosteroids might help critical patients through the inflammation
storm without delaying the clearance of SARS-CoV2 virus RNA in the
alveolitis phase.

Our study showed that most nonsurvivors died in the fibrosis phase,
indicating that this rapidly progressing fibrosis stage may be more
dangerous than the alveolitis stage. However, the critical COVID-19
patients did not benefit from the high-dose daily corticosteroid ther-
apy (>150 mg/d) or high integral dose (>604 mg) in the fibrosis phase.
A high cumulative dose (>604 mg) in the fibrosis phase was also asso-
ciated with a longer duration of virus shedding, lower OI, higher inci-
dence of tracheal intubation, higher rates of shock complications, fewer
lymphocytes and higher levels of CRP and LDH. High-dose corticoste-
roid therapy might exacerbate the development of critical COVID-19 in
the fibrosis phase, resulting in increased mortality, although the harmful
effects were not present in the low-to-moderate dose and corticosteroid-
free groups.

In the fibrosis stage of critical COVID-19, there were many possible
causes for the harmful effect of high-dose corticosteroids. On the one
hand, our Chest CT in the fibrosis stage indicated that interstitial fibrosis
caused by the disease might lead to respiratory failure. Studies have also
that critical COVID-19 patients had lighter exudation of alveolar fluid
and cellulose, less hyaline membrane, significantly altered proliferation
of type II alveolar epithelial cells and bronchial mucosal epithelial cells,
alveolar fleshy changes, and pathological interstitial fibrosis (Yao et al.,
2020), indicating that the inflammation storm was ameliorated in the
fibrosis stage, which would render high-dose corticosteroid therapy less
effective than in the alveolitis phase. Thus, low-to-moderate-dose
corticosteroid treatment may yield enough improvement of lung
injury so as to reduce mortality in the fibrosis stage. On the other hand,
our results showed that high-dose corticosteroid therapy delayed the
clearance of SARS-CoV2 virus RNA in the fibrosis stage. Previous studies
found that corticosteroid treatment delayed the clearance of viral RNA
of MERS-CoV and SARS-CoV, increased complications including psy-
chosis, diabetes, and avascular necrosis in SARS, and increased mor-
tality of influenza (Arabi et al., 2018; Huang et al., 2020; Lee et al.,
2004a, b; Li et al., 2004; Ni et al., 2019; World Health Organization,
2020; Xiao et al., 2004). In addition, lymphocytes, such as virus-specific
CD4 and CD8 T cells, play a critical role in clearing the virus to provide
partial protection and reduce symptoms, and the acute phase of SARS in
humans is associated with a severe reduction in the number of T cells in
the blood (Channappanavar et al., 2014). As most of the infiltrated
lymphocytes in lung tissues were CD4-positive T cells, both helper T
cells and suppressor T cells in peripheral blood were below normal
levels, and a lower level of helper T cells was found in the severe group
(Qin et al., 2020). Morbidity and mortality of SARS-CoV and MERS-CoV
may be higher in the immunocompromised elderly than in younger
adults (Peiris et al., 2003; Perlman and Dandekar, 2005; Perlman and
Netland, 2009; Talbot, 2017). As humans age, there are progressive
declines in the percentage of total lymphocytes, the absolute numbers of
T and B cells, and the ratio of CD4 to CD8 T cells (Amadori et al., 1995;
Valiathan et al., 2016). Notably, a high proportion of critical COVID-19
patients in our study (73.3 %) were older than 60 years, and high-dose
corticosteroid therapy indeed induced lower levels of peripheral lym-
phocytes. The decreased lymphocytes in the fibrosis stage may be one
reason for the delayed clearance of SARS-CoV2 virus RNA in high-dose
corticosteroid therapy, followed by lower OI, higher incidence of
tracheal intubation, a higher rate of shock complications and higher
levels of CRP and LDH, which indicated the condition aggravation and
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significantly shorter survival time.
5. Conclusion

The progressive fibrosis stage of critical COVID-19 patients may be
more dangerous than the alveolitis stage. According to the progression
of the disease, low-to-moderate dose corticosteroids may be beneficial
for critical COVID-19 patients in the fibrosis phase, while they should be
used carefully in the alveolitis stage. High-dose corticosteroid therapy in
the fibrosis phase aggravates the severity of critical COVID-19, resulting
in increased mortality in the fibrosis phase.
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