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Abstract
Nowadays, novel coronavirus pneumonia, called Coronavirus Disease 2019 (COVID-19) spread 
rapidly to the whole world and this novel global pandemic has severely threatened the public health. 
To date, researchers have found that glucocorticoid may be beneficial to decrease the fatality rate 
in severe COVID-19 patients by a large randomized controlled trial but its specific mechanism 
is still in debate. This article has put forward two hypotheses about the potential mechanisms of 
glucocorticoid for treating COVID-19 patients. On the one hand, the progressions of COVID-19 
aggravate the injury of lungs and may cause a rare histologic pattern of acute lung injury defined 
as Acute Fibrinous and Organizing Pneumonia (AFOP). Glucocorticoid may improve the clinical 
outcomes of severe COVID-19 patients by curing AFOP. On the other hand, the deterioration 
of COVID-19 can damage to adrenal glands and result in adrenal insufficiency. Thus, the use of 
glucocorticoids as replacement therapy can modulate the human metabolism and immune response 
and the clinical conditions of patients will improve.
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Background
The Coronavirus Disease 2019 (COVID-19), caused by a novel coronavirus defined as Severe 

Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) by the World Health Organization 
(WHO), first appeared in the end of 2019 and spread rapidly to the whole world. The most 
common symptoms of ordinary COVID-19 cases are fever, cough, and fatigue and chest distress, 
often accompanied by gastrointestinal symptoms or ocular symptoms, such as diarrhea, vomiting, 
conjunctival congestion and dry eye [1]. The majority of COVID-19 cases usually develop mild to 
moderate symptoms but some patients may progress to aggravated symptoms and critical illness 
with hypoxemia and Acute Respiratory Distress Syndrome (ARDS) [2-3]. This emerging pandemic 
has severely threatened the global public health and still infected more and more people. As of 
6th September 2020, there have been 26,763,217 confirmed cases of COVID-19, including 876,616 
deaths involved in nearly 200 countries, reported by WHO [4]. Given the urgent public hygiene 
situation and disastrous global economic damage, therefore, it is important for medical field to 
explore the proper therapeutic measures for patients with COVID-19.

Nowadays, plenty of drugs were tried to treat COVID-19 patients, such as Hydroxychloroquine 
(HCQ)/Chloroquine (CQ), Remdesivir, interferon, glucocorticoid, inhibitors of Interlukin-6 (IL-6) 
and Interlukin-1 (IL-1) and the combination of antiviral drugs. Among these therapeutic measures, 
low-dose glucocorticoid with a short course was considered to use in severe or critical COVID-19 
patients with deteriorating status [1]. In fact, glucocorticoid has been used in previous coronavirus 
pneumonia caused by Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) but the effect 
of Glucocorticoid (GC) in patients with severe infection or septic shock had no definitive conclusion 
[5].

Siddiqi et al. had proposed that the infection time course of SARS-CoV-2 can be divided into 
three phases, including early infection, pulmonary involvement and hyper-inflammation phase. In 
the early stage of viral infection, viruses invade, multiply and establish in the host. Then the viruses 
proliferate rapidly in the lungs and cause localized inflammation in the second stage. A few patients 
may progress into the most severe phase characterized mainly by systemic inflammation and 
respiratory failure due to hyper-inflammatory response [6]. Thus, the use of glucocorticoids may 
be reasonable by reducing inflammation and immunosuppression in this phase. The Severe Acute 
Respiratory Syndrome (SARS) caused by another coronavirus called Severe Acute Respiratory 
Syndrome Coronavirus (SARS-CoV) in 2003 had similar pathogen and clinical presentation. 
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Therefore, this article takes a patient with infection of SARS-CoV 
as example for exploring the potential of glucocorticoids in treating 
coronavirus pneumonia. At 2nd February 2003, a 21-year-old female 
patient present respiratory symptoms and she was admitted to Sun 
Yat-Sen Memorial hospital at 5th February with a diagnosis of SARS. 
Her clinical condition got worse and her temperature rose to 39.5°C 
with body ache all over at 8th February. Besides, her pulmonary 
damage reaches the peak at radiologic images at 11th February and 
she received oxygen supplement via Nasal cannula because her SpO2 
decreased to 92% to 93% in room air (Figure 1). On the same date, she 
was administered with methylprednisolone 40 mg/d and the treatment 
was effective (Figure 2). Her temperature returned to normal and her 
pulmonary lesions began to disappear and she was finally discharged 
at 24th February (Figure 3). Based on the change of chest X-ray, clinical 
doctors inferred that glucocorticoids may improve clinical status of 
patients with infection of coronavirus through reducing excessive 
inflammation in the late phase of viral infection. Besides, when the 
course of patients had continued for no less than 7 days, the fever had 
existed for no less than 120 h and the patients had extensive pulmonary 
lesions on radiological images characterized predominantly by 
migratory lesions or lesions involving several lobes (no less than 3 
lung lobes) in two lungs without necrosis or cavities, clinical doctors 
should start glucocorticoids treatment for patients with severe viral 
infection. The right timing of using glucocorticoids is significant 
because the human adaptive immune response need certain time to 
activate. The cellular immunity usually spends 60 h to 72 h to produce 
enough effector T cells while the production of antibodies by humoral 
immunity usually needs 5 to 7 days [7-8]. Therefore, too early use of 
glucocorticoids will inhibit the initiation of normal human immune 
system. Moreover, the absence of necrosis and cavities in radiological 
images can exclude the possibility of secondary bacterial and fungal 
infection and the presence of migratory pulmonary lesions is 
one of the common radiologic features of cryptogenic organizing 
pneumonia [9]. Thus, it is justified to use glucocorticoids for patients 
with severe viral infection when the symptoms persist more than a 
week with the progression of radiological images and exclusion of 
secondary bacterial and fungal infection.

However, the clinical effect of glucocorticoid for COVID-19 
patients from different studies was heterogenous. A retrospective 
cohort (n=72 COVID-19 patients, 51 for glucocorticoid group and 
21 for control group) by Ni et al. found that there was no significant 
difference of the median time in achieving negative SARS-CoV-2 
result between two groups (P>0.05), and the side effects in GC group, 
such as transient hyperglycemia, hypokalemia, acne like skin rash and 

high blood pressure, were more frequent [10]. On the other hand, 
a multicentric, open-label trial (n=85 COVID-19 patients, 56 for 
methylprednisolone (MP) and 29 for control) showed that a short 
course of MP was beneficial to decrease the risk of the composite end 
point of admission to ICU, NIV or death of severe COVID-19 patients 
(RR=0.55, 95% CI 0.33 to 0.91, P=0.024) without major adverse 
reactions [11]. Besides, a multicenter RCT conducted in 176 National 
Health Service organizations in UK, (n=6425 hospitalized COVID-19 
patients, 2,104 received dexamethasone 6 mg/d for up to 10 days 
and 4,321 only received usual standard care) found dexamethasone 
could decrease the 28-day mortality among COVID-19 hospitalized 
patients who need respiratory support, including those receiving 
invasive mechanical ventilation (29.3% vs. 41.4%; rate ratio, 0.64; 
95% CI, 0.51 to 0.81) and those receiving oxygen without invasive 
mechanical ventilation (23.3% vs. 26.2%; rate ratio, 0.82; 95% CI, 0.72 
to 0.94), though it may be not beneficial for mild COVID-19 without 
respiratory support (17.8% vs. 14.0%; rate ratio, 1.19; 95% CI, 0.91 
to 1.55) [12]. Therefore, taking the benefits and potential harms into 
consideration and based on the RCT with large sample size, low-dose 
GC may improve the clinical outcome and reduce fatality rate for 
severely or critically ill COVID-19 patients. However, it is regretted 
that few articles tend to explore more potential mechanisms of 
glucocorticoid. Here, this article will report the potential mechanism 
of glucocorticoid for treating patients with severe COVID-19.

Glucocorticoid for coronavirus-associated acute fibrinous 
and organizing pneumonia

The autopsy performed by Wichmann et al. [13] in Germany, 
including 12 COVID-19 patients, found the major histopathology 
of the lungs was Diffuse Alveolar Damage (DAD) with hyaline 
membrane, microvascular thromboembolism and capillary 
congestion (8/12, 66.7%). The pulmonary post-mortem of COVID-19 
cases by Carsana et al. [14] also demonstrated that the main 
pathophysiological features of the lungs in severe COVID-19 patients 
were DAD, inflammatory infiltrates and microvascular thrombosis 
[14]. Besides, these pathophysiological changes of the lungs resulting 
from the excessive host immune response can also be observed in 
other severe viral pulmonary infection, such as influenza virus and 
Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) [15-
18].

Hanley and his colleagues conducted autopsy among 10 cases 
with confirmed COVID-19 in UK and 9 of 10 received full post-
mortem examinations while the other only received limited autopsy 
and they reported that all ten patients had DAD, which was the most 

Figure 1: The deterioration of pulmonary lesions on chest X-ray. A) Chest X-ray showed a circular infiltrating shadow in the middle and lower lobe of right lung. 
B) The lung lesions in bilateral lungs disappeared but a new round ground glass opacity with hazy border appeared in lingual lobe of left lung. C) The infiltrating 
shadow with high density in the lingual lobe of left lung and the upper lobe of right lung enlarged and patchy opacity appeared in bilateral lower lungs.
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consistent histopathological finding of lungs in severe COVID-19 
patients. However, in the same study, researchers found that 6 of 10 
COVID-19 patients showed purely exudative phase DAD while the 
other four patients showed a mixture of exudative and organizing 
DAD and three of four patients with organizing-phase DAD had 
longer clinical course on ventilators [19]. However, the DAD with 
organization may mean a different histological pattern of acute lung 
injury called Acute Fibrinous and Organizing Pneumonia (AFOP), 
which can result in pulmonary failure and poor prognosis in patients 
with severe respiratory infection. AFOP was first described by 
Beasley et al. in 2002 and it is characterized mainly by the presence of 
organizing intra-alveolar fibrin, with organizing pneumonia, patchy 
distribution and type 2 pneumocyte hyperplasia [20]. AFOP was 
firstly suspected as a fibrin variant of DAD without the formation of 
classic hyaline membrane because both of them had similar etiologic 
disorders, histologic pattern, and clinical outcome, and it was defined 
as a rare histologic pattern interstitial pneumonia dominantly 
characterized by intra-alveolar fibrin deposition and associated 
organizing pneumonia [21,22].

The incidence of AFOP can be idiopathic or associated with a 
variety of risk factors, such as autoimmune disease, hematological 
disorders, drugs, occupational exposure and infection [23]. Viral 
infection is one of the most common causes of acute lung injury with 
the histologic manifestation as AFOP. Post-mortem performed among 
20 patients with SARS by Hwang et al. showed that the pulmonary 
histologic features of SARS were DAD and AFOP. Among the 20 
decedents, 8 patients showed mainly DAD pattern with the formation 
of hyaline membrane. Six cases mainly showed AFOP pattern and the 
remain cases showed the mixture pattern of both DAD and AFOP, 
which suggested that AFOP was the one of the common pattern of 
lung injury for patients with SARS. Besides, this study indicated that 
the extent of lung injury for patients with shorter duration (≤ 14 days’ 
duration) was characterized by acute fibrinous exudates, while those 
of longer duration (>14 days’ duration) showed more organization 
exudates and pneumocyte hyperplasia [18]. Interestingly, another 
autopsy of the histopathology of SARS by Franks et al. didn’t record 
AFOP as a finding but the researchers also found four of eight cases, 
with longer than 10 days’ course of disease, showed organizing-phase 
DAD accompanied by type-2 pneumocyte hyperplasia [24].

Besides, AFOP can also observe in other severe viral respiratory 
infection, such as H1N1 and Respiratory Syncytial Virus (RSV). 
Cincotta et al. reported a premature infant with Acute Respiratory 
Distress Syndrome (ARDS) secondary to the infection of RSV. With 
the progression of pneumonia, an open lung biopsy was performed 
and showed nearly 80% of alveolar airspace was occupied by 
fibrinous balls and organizing tissues with focal RSV-related giant 
cells. The authors also collected 9 infants dying of ARDS who had 
received lung biopsies and found that seven cases were demonstrated 
classic DAD while the remain cases had a mixed AFOP and DAD 
pattern [25]. Otto et al. reported a female patient with double lungs 
transplantation and found that she was infected by influenza A/H1N1 
soon after transplantation. Despite extracorporeal interventional lung 
assist implantation, this patient died of acute lung failure soon. Her 
post-mortem revealed pure AFOP histological pattern with positive 
influenza A/H1N1 in lung tissues by molecular analysis [26]. Based 
on the above study, perhaps AFOP is only the late phase of acute lung 
injury owing to severe viral infection. Therefore, it is reasonable to 
suppose that DAD predominates in the early phases of acute lung 
injury and it will change into the organizing phase, until eventually 

AFOP pattern appears and then predominates [25]. Thus, AFOP, as 
a histologic pattern of acute lung injury, can occur in patients with 
severe viral infection, and the lungs with mixture pattern of exudative 
and organizing DAD in COVID-19 patients found by Hanley et al. 
may represent the portent of AFOP [19].

Although there have been no definitive therapeutic measures for 
AFOP, the clinical doctors had tried various treatment according 
to the heterogeneous clinical presentation and course, such as 
glucocorticoid, immunosuppression, antibiotics and ventilatory 
support and GC is the most common used drug for AFOP patients. A 
retrospective study by Rita et al. with a cohort of 13 cases in Portugal 
found 10 of 13 (76.9%) patients with AFOP received corticosteroids 
treatment and 4 of 10 patients (40%) finally gain resolution of 
disease. However, 6 patients were still alive in this study in the end 
and it means that 4 of 6 survivals had received glucocorticoid, which 
suggested that glucocorticoid, was beneficial to the clinical outcome 
of patients with AFOP. Moreover, another retrospective by Dai et al. 
including 20 AFOP patients from January 2007 to June 2013 indicated 
that all patients receiving antibiotic alone had no improvement of 
clinical remission. However, 18 of 20 patients received glucocorticoid 
intravenously or orally with the dose from 30 mg to 40 mg prednisone 
per day soon afterwards and they all felt relieved after steroids 
treatment within 4.3 ± 2.4 days [27].

The literatures mentioned above suggest that glucocorticoid may 
relieve the symptoms and improve the clinical outcome for AFOP 
patients. Table 1 also lists some case reports involving the use of 
glucocorticoid for hospitalized patients with AFOP (Table 1).

The majority of the studies about AFOP are case reports because 
pure AFOP is a relative rare disease. Although case reports are 
considered as the lowest clinical evidence for clinical decisions, 
researchers can still gain clinical condition and knowledge from them 
[58]. The case reports in the table has collected the cases receiving 
glucocorticoid treatment in patients with AFOP and reported the 
specific usages of glucocorticoid and clinical outcomes of these 
patients, which can make researchers know more information about 
AFOP and provide them with optional therapeutic measures and 
what clinical interventions have succeed or failed in patients with 
AFOP. Though the definitive therapeutic measures for AFOP is still 
in debate, the retrospective studies about AFOP and the literatures 
mentioned above have found that glucocorticoid was the most 
common and effective treatment to improve the clinical conditions of 
AFOP patients. Therefore, it is reasonable to infer that glucocorticoid 
can improve the clinical outcome and decrease the mortality of severe 
COVID-19 patients by treating the potential AFOP.

Glucocorticoids as replacement treatment in COVID-19 
patients with adrenocortical insufficiency

Except for the DAD or AFOP histologic pattern changes in lungs, 
patients with severe COVID-19 are susceptible to the lesions in 
various organs and systems in human body. The autopsy by Hanley 
et al. found that all nine patients with full post-mortem examinations 
had at least one thrombotic events in a major organ and they also 
indicated that acute pancreatitis (2/9, 22%), pericarditis (2/9, 22%) and 
cirrhosis or bridging hepatic fibrosis (3/9, 33%) could be observed in 
COVID-19 decedents. Interestingly, the post-mortem examinations 
also found that 3 of 9 (33%) severe COVID-19 patients showed 
infarct-type adrenocortical necrosis with patchy distribution and 1 of 
these 3 patients was found re-endothelializing organizing thrombus 
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in small adrenal vessels, which suggested that severe COVID-19 may 
cause damage to adrenal cortex and result in adrenal insufficiency 
[19]. Heidarpour et al. had reported a 69-year-old male patient with 
COVID-19 and found that the patient presented vasopressor-resistant 
hypotension and was diagnosed as acute adrenal insufficiency with the 
deterioration of COVID-19 [59]. A retrospective study with a cohort 
of 219 COVID-19 patients (52 cases had critical lung parenchyma 

lesions, 167 had severe lung parenchyma lesions) by Leyendecker et 
al. showed 51 of 219 patients (23%) were diagnosed as acute adrenal 
infarction based on CT scan. Among these 51 patients, 45 patients 
(88%) presented bilateral adrenal infarction and 4 cases (8%) had 
acute biological adrenal gland insufficiency. Besides, the authors also 
indicated that the incidence of acute adrenal infraction was frequent 
in severe COVID-19 patients, and it was related to the higher rate of 

Cases Reference The use of glucocorticoid Clinical 
Outcome

1 Arnaud et al. 
[28] Intravenous steroids and cyclophosphamide (The specific kind and dose of steroids was not mentioned) Death

2 Xu et al. [29] Methylprednisolone 500 mg for 3 days and followed by 80 mg for a week Death

3 Garcia et al. 
[30] Methylprednisolone (The dose was not mentioned) Disease 

resolution

4 Akhtar et al. 
[31] High dose intravenous corticosteroid therapy and followed by prednisolone 40 mg per day Disease 

resolution

5 Kim et al. 
[32] Methylprednisolone (60 mg/d IV) for 7 days Disease 

resolution

6 Kim et al. 
[32] Methylprednisolone (60 mg/d IV) for 8 days Disease 

resolution

7 Nguyen et al. 
[33] Prednisolone (1 mg/kg) Disease 

resolution

8 Nguyen et al. 
[33] Prednisolone (1 mg/kg) Disease 

resolution

9 Ning et al. 
[34] Methylprednisolone (40 mg/d IV) for 7 days and followed by methylprednisolone (12 mg/12 h PO) for 7days Disease 

resolution

10 Ishiwata et 
al. [35] Methylprednisolone (1000 mg/d IV) for 3 days and followed by prednisolone (1 mg/kg PO) for maintainment Disease 

resolution

11 Valim et al. 
[36] Cyclophosphamide (1 g IV) + methylprednisolone (1 g IV) for 3 days. Death

12 Chen et al. 
[37]

Methylprednisolone (80 mg/d IV) for 5 days and followed by methylprednisolone (40mg/d IV) for 3 days. Then the patient 
received prednisone (40 mg/d PO)

Disease 
resolution

13 Kuza et al. 
[38]

Methylprednisolone (60 mg/6h IV) for 2 days, methylprednisolone (125 mg/6 h IV) for 2 days, methylprednisolone (60 mg/6 
h IV) for 5 days and followed by prednisone (60 mg/d PO) 

Disease 
resolution

14 Wang et al. 
[39] Methylprednisolone (80 mg/d IV) for 2 days, followed by prednisone (75 mg/d PO) for 2 weeks Disease 

resolution

15 Hara et al. 
[40] Methylprednisolone (1000 mg/d IV) for 3 days, followed by prednisone (0.5 mg/kg/d) Disease 

resolution

16 Hara et al. 
[40] Methylprednisolone (1000 mg/d IV) for 3 days, followed by prednisone (0.5 mg/kg/d) Disease 

resolution

17 Al-Khouzaie 
et al. [41] Methylprednisolone (60 mg/6h IV) and followed by prednisone (50 mg/d PO) Disease 

resolution

18 Goncalves et 
al. [42] Prednisone (1 mg/kg/d; 50 mg/d) Disease 

resolution

19 Wang et al. 
[43] Methylprednisolone (40 mg/d IV) for 4 days, followed by prednisone (50 mg/d PO) for 21 days Disease 

resolution

20 Lu et al. [44] Methylprednisolone (40 mg/12h IV) and then decreased to 24 mg/d Disease 
resolution

21 Lu et al. [44] Prednisolone (1 mg/kg/d IV) for 10 days, followed by prednisone (40 mg/d PO) Disease 
resolution

22 Fasanya et 
al. [45] Prednisolone (40 mg/d) and tapered by reduction of 10mg every 2 weeks Disease 

resolution

23 Lee et al. 
[46] Broad-spectrum antibiotics + methylprednisone pulse therapy (60 mg/d) Death

24 Kashif et al. 
[47] Intravenous immunoglobulin therapy (2 g/kg)+intravenous methylprednisone (The dose of steroids was not mentioned) Disease 

resolution

25 Zhao et al. 
[48] Methylprednisolone (500 mg/d IV) for 3 days, followed by methylprednisone (40 mg/12 h IV) and antifungal therapy Disease 

resolution

26 Yamamoto et 
al. [49] Prednisolone (60 mg/d) for treatment and tapering doses (7 mg/d) for maintainment Disease 

resolution

27 Shintani et 
al. [50] High dose of methylprednisone, followed by prednisone (25 mg/d) Disease 

resolution

28 Merrill et al. 
[51]

Solumedrol (100 mg/d IV) within 6 weeks, followed by prednisone (80 mg/d), which was decreased by 10 mg per week to a 
maintenance dose of 20 mg

Disease 
resolution

29 Jamous et al. 
[52] High dose of steroids + pentamidine (The dose of steroids was not mentioned) Disease 

resolution

30 Gupta et al. 
[53] Methylprednisolone (125 mg/6h IV), followed by prednisolone (60 mg/d PO) Disease 

resolution

31 Tzouvelekis 
et al. [54] High dose of corticosteroid (1 mg/kg) as a monotherapy Disease 

resolution

32 Guimaraes 
et al. [55] Prednisolone (1 mg/kg/d) for treatment and tapering doses for maintainment Disease 

resolution

33 Perry et al. 
[56] Intravenous methylprednisolone for 5 days and followed by prednisolone (30 mg/d) for nearly 18 months Disease 

resolution

34 Simmons et 
al. [57] Methylprednisolone (250 mg/6h IV)+tacrolimus+etanercept (25 mg SC twice weekly) Disease 

resolution

Table 1: The use of glucocorticoid and the clinical outcome in hospitalized patients with AFOP.
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ICU stay and longer clinical course [60]. Another complete autopsy 
was performed among 28 decedents with COVID-19 in Brazil by 
Santana et al. and the researchers indicated that 12 of 28 cases (42.9%) 
presented adrenal glands. Among these cases, 7 cases showed adrenal 
necrosis; 4 cases showed cortical lipid degeneration; two cases had 
cortical hemorrhage and one had unspecific focal adrenalitis [61]. 
Therefore, adrenal infarct and adrenocortical insufficiency can 
be common lesions and complications in critically ill COVID-19 
patients. 

Glucocorticoid, also known as adrenocortical hormone, is secreted 
by the zona fasciculata of human adrenal glands. Glucocorticoids not 
only play a significant role in regulating metabolism of nutrition and 
energy, but also have powerful activity of anti-inflammation and 
immunosuppression [62]. Glucocorticoids modulate the metabolism 
level, immune system and inflammatory processes and the 
adrenocortical deficiency will result in decreased metabolic energy, 
altered immune response to infection and increased production of 
inflammatory cytokines [63]. Adrenal insufficiency can be divided 
into two kinds of diseases based on its etiology, including primary 
adrenal insufficiency and secondary adrenal insufficiency. Primary 
adrenal insufficiency means the failure of cortisol production of 
adrenal cortex owing to infection, trauma, cancer or autoimmune 
disorder, while secondary and tertiary adrenal insufficiency are 
attributed to the decreased secretion of Adrenocorticotropic 
Hormone (ACTH) in pituitary or Corticotropin-Releasing Hormone 
(CRH) in hypothalamus [64].

Glucocorticoids have both stimulating and inhibitory effects on 
immune response in different time. In the early phases of infection, 
glucocorticoids with physiological level can innate the human immune 

system. However, glucocorticoids with high level predominantly 
play a part in anti-inflammation and immunosuppression in the late 
phase of infection [65]. Therefore, the adrenal insufficiency and the 
suppression of Hypothalamo-Pituitary-Adrenal (HPA) axis caused 
by severe COVID-19 increase the risk of aggravated infection and 
deterioration of disease [66]. Long term glucocorticoids replacement 
therapy, such as hydrocortisone and cortisone, is considered as 
the recommendatory treatment in all cases with primary adrenal 
insufficiency [67]. Therefore, for those severe COVID-19 patients 
with adrenal insufficiency, the use of glucocorticoids does not only 
aim to treat pulmonary lesions, but rather to supplement the lack of 
physiological glucocorticoids and make the human metabolism and 
immune system return to normal [65]. So far, there have been not 
appropriate biomarkers to assess the precise dosage of glucocorticoids 
in replacement treatment, and so dose of glucocorticoids modification 
is guided based on clinical symptoms and subjective feeling of patients, 
as well as the levels of blood glucose and electrolyte including sodium, 
potassium and chlorine [64]. Thus, the glucocorticoids protocol in 
COVID-19 patients should be adapted to the degree of pulmonary 
inflammatory lesions and adrenocortical insufficiency.

Conclusion
In summary, glucocorticoids are considered as a potential 

effective drug to treat patients with severe COVID-19 and decrease 
the mortality at the moment. Although the specific mechanisms of 
glucocorticoids in treating COVID-19 are still controversial, this 
article infer that glucocorticoids may treat the potential AFOP in 
severe COVID-19 patients and it can be used as replacement therapy 
for adrenal insufficiency caused by the infection of SARS-CoV-2 based 
on the above literatures. More studies and research are warranted to 
explore the real mechanisms of glucocorticoids for treating patients 
with severe COVID-19 and uncover the best timing and treatment 
regimens of glucocorticoids.

Acknowledgement
This work was supported by the National Natural Science 

Foundation of China (81670022), Guangzhou Science and 
Technology Program key projects (201704020123, 202008040003), 
Guangdong Key Technologies R&D Program for controlling novel 
coronavirus (2020B111105001), Natural Science Foundation of 
Guangdong Province (2017A030313822) and Tencent Charity 
Foundation of China.

References
1. Ying HJ, Zhan QY, Peng ZY, Ren XQ, Yin XT, Cai L, et al. 

Chemoprophylaxis, diagnosis, treatments, and discharge management 

Figure 2: The changes on chest X-ray after receiving methylprednisolone. D) The pulmonary lesions in bilateral lungs had progressed to a peak with enlarged area 
and increased density. E) The right lung showed diffuse patchy infiltrating shade and the left lung showed ground glass opacity with decreased density compared 
to the image D. F) The bilateral pulmonary lesions showed obvious absorption. The majority of left lung still showed ground glass opacity but its density continued 
to decrease.

Figure 3: The recovery of pulmonary lesions. G) The majority of bilateral 
pulmonary lesions disappeared. H) The lungs returned to normal on chest 
X-ray.

https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-020-00270-8
https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-020-00270-8


Jiang S, et al., American Journal of Pharmacology

Remedy Publications LLC. 2020 | Volume 3 | Issue 1 | Article 10286

of COVID-19: An evidence-based clinical practice guideline (updated 
version). Mil Med Res. 2020; 7(1):1-33.

2. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk 
factors for mortality of adult in patients with COVID-19 in Wuhan, China: 
A retrospective cohort study. Lancet. 2020;395(10229):1054-62.

3. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and 
clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in 
Wuhan, China: A descriptive study. Lancet. 2020;395(10223):507-13.

4. WHO. WHO Coronavirus Disease (covid-19) dashboard. 2020.

5. Vandewalle J, Libert C. Glucocorticoids in sepsis: To be or not to be. Front 
Immunol. 2020;11:1318.

6. Siddiqi HK, Mehra MR. COVID-19 illness in native and immunosuppressed 
states: A clinical-therapeutic staging proposal. J Heart Lung Transplant. 
2020;39(5):405-7.

7. Kaech SM, Wherry EJ, Ahmed R. Effector and memory T-cell 
differentiation: Implications for vaccine development. Nat Rev Immunol. 
2002;2(4):251-62.

8. Elsaid R, Yang J, Cumano A. The influence of space and time on the 
establishment of B cell identity. Biomed J. 2019;42(4):209-17.

9. Tiralongo F, Palermo M, Distefano G, Vancheri A, Gianluca S, Sebastiano 
ET, et al. Cryptogenic organizing pneumonia: Evolution of morphological 
patterns assessed by HRCT. Diagnostics (Basel). 2020;10(5):262.

10. Ni Q, Ding C, Li YT, Zhao H, Liu J, Zhang X, et al. Retrospective analysis 
of medium and low dose glucocorticoids on viral clearance in patients with 
new coronavirus pneumonia. Chin J Clin Infect Dis. 2020;00:E009.

11. Corral L, Bahamonde A, Arnaiz delas Revillas F, Gomez-Barquero J, 
Abadia-Otero J, Garcia-Ibarbia C, et al. GLUCOCOVID: A controlled trial 
of methylprednisolone in adults hospitalized with COVID-19 pneumonia. 
medRxiv. 2020.

12. RECOVERY Collaborative Group, Horby P, Lim WS, et al. Dexamethasone 
in Hospitalized Patients with Covid-19 - Preliminary Report. N Engl J 
Med.2020;NEJMoa2021436.

13. Wichmann D, Sperhake JP, Lütgehetmann M, Stefan S, Carolin E, 
Heinemann A, et al. Autopsy findings and venous thromboembolism in 
patients with COVID-19: A prospective cohort study. Ann Intern Med. 
2020;173(4):268-77.

14. Carsana L, Sonzogni A, Nasr A, Roberta SR, Alessandro P, Pietro Z, et 
al. Pulmonary post-mortem findings in a series of COVID-19 cases 
from northern Italy: A two-centre descriptive study. Lancet Infect Dis. 
2020;20(10):1135-40.

15. de Jong MD, Simmons CP, Thanh TT, Vo Minh H, Gavin JDS, Tran Nguyen 
BC, et al. Fatal outcome of Human Influenza A (H5N1) is associated with 
high viral load and hypercytokinemia. Nat Med. 2006;12(10):1203-7.

16. Baillie JK, Digard P. Influenza-time to target the host? N Engl J Med. 
2013;369(2):191-3.

17. Wong CK, Lam CWK, Wu AKL, Ip WK, Lee NLS, Chan IHS, et al. Plasma 
inflammatory cytokines and chemokines in severe acute respiratory 
syndrome. Clin Exp Immunol. 2004;136(1):95-103.

18. David MH, Dean WW, Susan MP, Donald EL, Sylvia LA, Jagdish B. 
Pulmonary pathology of severe acute respiratory syndrome in Toronto. 
Modern pathology. 2005;18(1):1-10.

19. Hanley B, Naresh KN, Roufosse C, Nicholson AG, Justin W, Graham SC, et 
al. Histopathological findings and viral tropism in UK patients with severe 
fatal COVID-19: A post-mortem study. Lancet Microbe. 2020;1(6):E245-
53.

20. Beasley MB, Franks TJ, Galvin JR, Bernadette G, William DT. Acute 
fibrinous and organizing pneumonia: A histological pattern of lung injury 
and possible variant of diffuse alveolar damage. Arch Pathol Lab Med. 

2002;126(9):1064-70.

21. Cheung OY, Graziano P, Smith ML. Acute lung injury. Practical Pulmonary 
Pathology: A Diagnostic Approach. Acute Lung Injury. 2018:125-46.e3.

22. Travis WD, Costabel U, Hansell DM, Talmadge EK, David AL, Nicholson 
AG, et al. An official American Thoracic Society/European Respiratory 
Society statement: Update of the international multidisciplinary 
classification of the idiopathic interstitial pneumonias. Am J Respir Crit 
Care Med. 2013;188(6):733-48.

23. Gomes R, Padrão E, Dabó H, Filipa SP, Patrícia M, Natália M, et al. Acute 
fibrinous and organizing pneumonia: A report of 13 cases in a tertiary 
university hospital. Medicine (Baltimore). 2016;95(27):e4073.

24. Franks TJ, Chong PY, Chui P, Jeffrey RG, Raina ML, Ann HR, et al. Lung 
pathology of Severe Acute Respiratory Syndrome (SARS): A study of 8 
autopsy cases from Singapore. Hum Pathol. 2003;34(8):743-8.

25. Cincotta DR, Sebire NJ, Lim E, Peters MJ. Fatal acute fibrinous and 
organizing pneumonia in an infant: The histopathologic variability of acute 
respiratory distress syndrome. Pediatr Crit Care Med. 2007;8(4):378-82.

26. Otto C, Huzly D, Kemna L, Annegret H, Christoph B, Siegbert R, et al. 
Acute fibrinous and organizing pneumonia associated with influenza A/
H1N1 pneumonia after lung transplantation. BMC Pulm Med. 2013;13:30.

27. Dai JH, Li H, Shen W, Li-YM, Xiao YL, Mei H, et al. Clinical and 
radiological profile of acute fibrinous and organizing pneumonia: A 
retrospective study. Chin Med J (Engl). 2015;128(20):2701-6.

28. Arnaud D, Surani Z, Vakil A, Varon J, Surani S. Acute fibrinous and 
organizing pneumonia: A case report and review of the literature. Am J 
Case Rep. 2017;18:1242-6.

29. Xu XY, Chen F, Chen C, Sun HM, Zhao BL. Acute fibrinous and 
organizing pneumonia: A case report and literature review. Exp Ther Med. 
2016;12(6):3958-62.

30. Garcia BA, Goede T, Mohammed TL. Acute fibrinous organizing 
pneumonia: A case report and literature review. Curr Probl Diagn Radiol. 
2015;44(5):469-71.

31. Akhtar A, Ul Abideen Z. Acute fibrinous and organizing pneumonia 
masquerading as a lower respiratory tract infection: A case report and 
review of the literature. BMC Res Notes. 2015;8:38.

32. Kim JY, Doo KW, Jang HJ. Acute fibrinous and organizing pneumonia: 
Imaging features, pathologic correlation, and brief literature review. 
Radiol Case Rep. 2018;13(4):867-70.

33. Nguyen LP, Ahdoot S, Sriratanaviriyakul N, Zhang Y, Nicholas S, Michael 
S, et al. Acute fibrinous and organizing pneumonia associated with 
allogenic hematopoietic stem cell transplant successfully treated with 
corticosteroids: A two-patient case series. J Investig Med High Impact 
Case Rep. 2016;4(2):2324709616643990.

34. Ning YJ, Ding PS, Ke ZY, Zhang YB, Liu RY. Successful steroid treatment 
for acute fibrinous and organizing pneumonia: A case report. World J Clin 
Cases. 2018;6(15):1053-8.

35. Ishiwata T, Ebata T, Iwasawa S, Jun M, Satoshi O, Yukio N, et al. 
Nivolumab-induced Acute Fibrinous and Organizing Pneumonia (AFOP). 
Intern Med. 2017;56(17):2311-5.

36. Valim V, Rocha RH, Couto RB, Paixão TS, Serrano EV. Acute fibrinous 
and organizing pneumonia and undifferentiated connective tissue disease: 
A case report. Case Rep Rheumatol. 2012;2012:549298.

37. Chen S, Zhou H, Yu L, Tong B, Xiao Z, Fan S. A case of herbicide-
induced acute fibrinous and organizing pneumonia? BMC Pulm Med. 
2017;17(1):203.

38. Kuza C, Matheos T, Kathman D, Heard SO. Life after acute fibrinous and 
organizing pneumonia: A case report of a patient 30 months after diagnosis 
and review of the literature. J Crit Care. 2016;31(1):255-61.

39. Wang Y, Li Y, Wang Q, Zhang L, Li J, Zhu C. Acute fibrinous and organizing 

https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-020-00270-8
https://mmrjournal.biomedcentral.com/articles/10.1186/s40779-020-00270-8
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30566-3/fulltext# 
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30566-3/fulltext# 
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30566-3/fulltext# 
https://pubmed.ncbi.nlm.nih.gov/32007143/
https://pubmed.ncbi.nlm.nih.gov/32007143/
https://pubmed.ncbi.nlm.nih.gov/32007143/
https://covid19.who.int/
https://pubmed.ncbi.nlm.nih.gov/32849493/
https://pubmed.ncbi.nlm.nih.gov/32849493/
https://pubmed.ncbi.nlm.nih.gov/32362390/
https://pubmed.ncbi.nlm.nih.gov/32362390/
https://pubmed.ncbi.nlm.nih.gov/32362390/
https://pubmed.ncbi.nlm.nih.gov/12001996/
https://pubmed.ncbi.nlm.nih.gov/12001996/
https://pubmed.ncbi.nlm.nih.gov/12001996/
https://pubmed.ncbi.nlm.nih.gov/31627863/
https://pubmed.ncbi.nlm.nih.gov/31627863/
https://pubmed.ncbi.nlm.nih.gov/32365469/
https://pubmed.ncbi.nlm.nih.gov/32365469/
https://pubmed.ncbi.nlm.nih.gov/32365469/
https://doi.org/10.3760/cma.j.cn115673%E2%81%8320200225%E2%81%8300072
https://doi.org/10.3760/cma.j.cn115673%E2%81%8320200225%E2%81%8300072
https://doi.org/10.3760/cma.j.cn115673%E2%81%8320200225%E2%81%8300072
https://europepmc.org/article/ppr/ppr177192
https://europepmc.org/article/ppr/ppr177192
https://europepmc.org/article/ppr/ppr177192
https://europepmc.org/article/ppr/ppr177192
https://www.nejm.org/doi/full/10.1056/NEJMoa2021436#:~:text=Our preliminary results show that,points%2C a proportional reduction of
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7240772/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7240772/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7240772/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7240772/
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(20)30434-5/fulltext
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(20)30434-5/fulltext
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(20)30434-5/fulltext
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(20)30434-5/fulltext
https://pubmed.ncbi.nlm.nih.gov/16964257/
https://pubmed.ncbi.nlm.nih.gov/16964257/
https://pubmed.ncbi.nlm.nih.gov/16964257/
https://www.nejm.org/doi/full/10.1056/NEJMcibr1304414
https://www.nejm.org/doi/full/10.1056/NEJMcibr1304414
https://pubmed.ncbi.nlm.nih.gov/15030519/
https://pubmed.ncbi.nlm.nih.gov/15030519/
https://pubmed.ncbi.nlm.nih.gov/15030519/
https://www.nature.com/articles/3800247
https://www.nature.com/articles/3800247
https://www.nature.com/articles/3800247
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30115-4/fulltext
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30115-4/fulltext
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30115-4/fulltext
https://www.thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30115-4/fulltext
https://pubmed.ncbi.nlm.nih.gov/12204055/
https://pubmed.ncbi.nlm.nih.gov/12204055/
https://pubmed.ncbi.nlm.nih.gov/12204055/
https://pubmed.ncbi.nlm.nih.gov/12204055/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7152358/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7152358/
https://pubmed.ncbi.nlm.nih.gov/24032382/
https://pubmed.ncbi.nlm.nih.gov/24032382/
https://pubmed.ncbi.nlm.nih.gov/24032382/
https://pubmed.ncbi.nlm.nih.gov/24032382/
https://pubmed.ncbi.nlm.nih.gov/24032382/
https://pubmed.ncbi.nlm.nih.gov/27399094/
https://pubmed.ncbi.nlm.nih.gov/27399094/
https://pubmed.ncbi.nlm.nih.gov/27399094/
https://pubmed.ncbi.nlm.nih.gov/14506633/
https://pubmed.ncbi.nlm.nih.gov/14506633/
https://pubmed.ncbi.nlm.nih.gov/14506633/
https://pubmed.ncbi.nlm.nih.gov/17545929/
https://pubmed.ncbi.nlm.nih.gov/17545929/
https://pubmed.ncbi.nlm.nih.gov/17545929/
https://pubmed.ncbi.nlm.nih.gov/23683442/
https://pubmed.ncbi.nlm.nih.gov/23683442/
https://pubmed.ncbi.nlm.nih.gov/23683442/
https://pubmed.ncbi.nlm.nih.gov/26481733/
https://pubmed.ncbi.nlm.nih.gov/26481733/
https://pubmed.ncbi.nlm.nih.gov/26481733/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5713496/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5713496/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5713496/
https://www.spandidos-publications.com/etm/12/6/3958
https://www.spandidos-publications.com/etm/12/6/3958
https://www.spandidos-publications.com/etm/12/6/3958
https://pubmed.ncbi.nlm.nih.gov/25817128/
https://pubmed.ncbi.nlm.nih.gov/25817128/
https://pubmed.ncbi.nlm.nih.gov/25817128/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4331172/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4331172/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4331172/
https://www.sciencedirect.com/science/article/pii/S1930043317303862
https://www.sciencedirect.com/science/article/pii/S1930043317303862
https://www.sciencedirect.com/science/article/pii/S1930043317303862
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4843051/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4843051/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4843051/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4843051/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4843051/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6288515/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6288515/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6288515/
https://pubmed.ncbi.nlm.nih.gov/28794361/
https://pubmed.ncbi.nlm.nih.gov/28794361/
https://pubmed.ncbi.nlm.nih.gov/28794361/
https://pubmed.ncbi.nlm.nih.gov/22957292/
https://pubmed.ncbi.nlm.nih.gov/22957292/
https://pubmed.ncbi.nlm.nih.gov/22957292/
https://pubmed.ncbi.nlm.nih.gov/29237431/
https://pubmed.ncbi.nlm.nih.gov/29237431/
https://pubmed.ncbi.nlm.nih.gov/29237431/
https://pubmed.ncbi.nlm.nih.gov/26578116/
https://pubmed.ncbi.nlm.nih.gov/26578116/
https://pubmed.ncbi.nlm.nih.gov/26578116/
https://journals.lww.com/md-journal/FullText/2019/02220/Acute_fibrinous_and_organizing_pneumonia__A_case.41.aspx


Jiang S, et al., American Journal of Pharmacology

Remedy Publications LLC. 2020 | Volume 3 | Issue 1 | Article 10287

pneumonia: A case report. Medicine (Baltimore). 2019;98(8):e14537.

40. Hara Y, Shinkai M, Kanoh S, Akihiko K, Bruce KR, Osamu M, et al. Clinico-
pathological analysis referring hemeoxygenase-1 in acute fibrinous and 
organizing pneumonia patients. Respir Med Case Rep. 2015;14:53-6.

41. Al-Khouzaie TH, Dawamneh MF, Hazmi AM. Acute fibrinous and 
organizing pneumonia. Ann Saudi Med. 2013;33(3):301-3.

42. Gonçalves JR, Marques R, Serra P, Cardoso L. Acute fibrinous and 
organising pneumonia. BMJ Case Rep. 2017;2017:bcr2016218802.

43. Wang K, Du X, Wu Q, Cheng D. A case report of acute fibrinous and 
organizing pneumonia. Medicine (Baltimore). 2019;98(49):e18140.

44. Lu J, Yin Q, Zha Y, Shuangshuang D, Jianhao H, Zhongliang G, et al. 
Acute fibrinous and organizing pneumonia: two case reports and literature 
review. BMC Pulm Med. 2019;19(1):141.

45. Fasanya A, Gandhi V, DiCarlo C, Thirumala R. Acute fibrinous and 
organizing pneumonia in a patient with Sjogren's syndrome. Respir Med 
Case Rep. 2017;20:28-30.

46. Lee SM, Park JJ, Sung SH, Kim Y, Lee KE, Yeung-Chul M, et al. Acute 
fibrinous and organizing pneumonia following hematopoietic stem cell 
transplantation. Korean J Intern Med. 2009;24(2):156-9.

47. Kashif M, Arya D, Niazi M, Khaja M. A rare case of necrotizing myopathy 
and fibrinous and organizing pneumonia with anti-EJ antisynthetase 
syndrome and SSA antibodies. Am J Case Rep. 2017;18:448-53.

48. Zhao J, Shi Y, Yuan D, Shi Q, Wang W, Su X. A case report of fungal 
infection associated acute fibrinous and organizing pneumonitis. BMC 
Pulm Med. 2020;20(1):98.

49. Yamamoto M, Murata K, Kiriu T, Kouzai Y, Takamori M. Acute 
fibrinous and organizing pneumonia with myelodysplastic syndrome: 
Corticosteroid monotherapy led to successful ventilator weaning. Intern 
Med. 2016;55(21):3155-9.

50. Shintani R, Oda T, Niwa T, Akimasa S, Eri H, Koji O, et al. Transbronchial 
lung cryobiopsy in idiopathic acute fibrinous and organizing pneumonia. 
Respir Med Case Rep. 2019;28:100888.

51. Merrill AL, Smith H. Myelodysplastic syndrome and autoimmunity: A 
case report of an unusual presentation of myelodysplastic syndrome. Case 
Rep Hematol. 2011;2011:560106.

52. Jamous F, Ayaz SZ, Choate J. Acute fibrinous organising pneumonia: A 
manifestation of trimethoprim-sulfamethoxazole pulmonary toxicity. 
BMJ Case Rep. 2014;2014:bcr2014205017.

53. Gupta A, Sen S, Naina H. Acute fibrinous and organising pneumonia: A 
rare histopathological variant of chemotherapy-induced lung injury. BMJ 
Case Rep. 2016;2016:bcr2016214721.

54. Tzouvelekis A, Koutsopoulos A, Oikonomou A, Marios F, Pavlos Z, 

Paschalis S, et al. Acute fibrinous and organizing pneumonia: A case report 
and review of the literature. J Med Case Rep. 2009;3:74.

55. Guimarães C, Sanches I, Ferreira C. Acute fibrinous and organising 
pneumonia. BMJ Case Rep. 2012;2012:bcr0120113689.

56. Perry R, Christidis D, Nicholson AG, Schomberg L, Cheent K. A case 
report of Adult-onset Still's disease presenting with acute fibrinous and 
organising pneumonia. JRSM Open. 2020;11(4):0954406220913584.

57. Simmons GL, Chung HM, McCarty JM, Toor AA, Farkas D, Miller K, 
et al. Treatment of acute fibrinous organizing pneumonia following 
hematopoietic cell transplantation with etanercept. Bone Marrow 
Transplant. 2017;52(1):141-3.

58. Martyn C. Case reports, case series, and systematic reviews. Q J Med. 
2002;95(4):197-8.

59. Heidarpour M, Vakhshoori M, Abbasi S, Shafie D, Rezaei N. Adrenal 
insufficiency in coronavirus disease 2019: A case report. J Med Case Rep. 
2020;14(1):134.

60. Leyendecker P, Ritter S, Riou M, Antoine W, Ferhat M, Catherine R, et 
al. Acute adrenal infarction as an incidental CT finding and a potential 
prognosis factor in severe SARS-CoV-2 infection: A retrospective cohort 
analysis on 219 patients. Eur Radiol. 2020;1-6.

61. Freire Santana M, Borba MGS, Baía-da-Silva DC, Fernando V, Márcia 
Almeida AA, Jose Diego BS, et al. Case report: Adrenal pathology 
findings in severe COVID-19: An autopsy study. Am J Trop Med Hyg. 
2020;103(4):1604-7.

62. Scherholz ML, Schlesinger N, Androulakis IP. Chronopharmacology of 
glucocorticoids. Adv Drug Delivery Rev. 2019;151-152:245-61.

63. Annane D, Bellissant E, Sebille V, Lesieur O, Mathieu B, Raphael JC, et 
al. Impaired pressor sensitivity to noradrenaline in septic shock patients 
with and without impaired adrenal function reserve. Br J Clin Pharmacol. 
1998;46(6):589-97.

64. Bancos I, Hahner S, Tomlinson J, Arlt W. Diagnosis and management of 
adrenal insufficiency. Lancet Diabetes Endocrinol. 2015;3(3):216-26.

65. Isidori AM, Arnaldi G, Boscaro M, Falorni A, Giordano C, Giordano R, 
et al. COVID-19 infection and glucocorticoids: Update from the Italian 
Society of Endocrinology Expert Opinion on steroid replacement in 
adrenal insufficiency. J Endocrinol Invest. 2020;43(8):1141-7.

66. Isidori AM, Pofi R, Hasenmajer V, Lenzi A, Pivonello R. Use of 
glucocorticoids in patients with adrenal insufficiency and COVID-19 
infection. Lancet Diabetes Endocrinol. 2020;8(6):472-3.

67. Bornstein SR, Allolio B, Arlt W, Andreas B, Andrew Don-W, Gary DH, 
et al. Diagnosis and treatment of primary adrenal insufficiency: An 
endocrine society clinical practice guideline. J Clin Endocrinol Metab. 
2016;101(2):364-89.

https://journals.lww.com/md-journal/FullText/2019/02220/Acute_fibrinous_and_organizing_pneumonia__A_case.41.aspx
https://pubmed.ncbi.nlm.nih.gov/26029580/
https://pubmed.ncbi.nlm.nih.gov/26029580/
https://pubmed.ncbi.nlm.nih.gov/26029580/
https://pubmed.ncbi.nlm.nih.gov/23793436/
https://pubmed.ncbi.nlm.nih.gov/23793436/
https://casereports.bmj.com/content/2017/bcr-2016-218802
https://casereports.bmj.com/content/2017/bcr-2016-218802
https://journals.lww.com/md-journal/Fulltext/2019/12060/A_case_report_of_acute_fibrinous_and_organizing.24.aspx
https://journals.lww.com/md-journal/Fulltext/2019/12060/A_case_report_of_acute_fibrinous_and_organizing.24.aspx
https://pubmed.ncbi.nlm.nih.gov/31382933/
https://pubmed.ncbi.nlm.nih.gov/31382933/
https://pubmed.ncbi.nlm.nih.gov/31382933/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5121161/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5121161/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5121161/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2698626/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2698626/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2698626/
https://pubmed.ncbi.nlm.nih.gov/28439062/
https://pubmed.ncbi.nlm.nih.gov/28439062/
https://pubmed.ncbi.nlm.nih.gov/28439062/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7171735/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7171735/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7171735/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5140866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5140866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5140866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5140866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6597736/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6597736/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6597736/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3420620/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3420620/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3420620/
https://pubmed.ncbi.nlm.nih.gov/25355746/
https://pubmed.ncbi.nlm.nih.gov/25355746/
https://pubmed.ncbi.nlm.nih.gov/25355746/
https://pubmed.ncbi.nlm.nih.gov/27053543/
https://pubmed.ncbi.nlm.nih.gov/27053543/
https://pubmed.ncbi.nlm.nih.gov/27053543/
https://jmedicalcasereports.biomedcentral.com/articles/10.1186/1752-1947-3-74
https://jmedicalcasereports.biomedcentral.com/articles/10.1186/1752-1947-3-74
https://jmedicalcasereports.biomedcentral.com/articles/10.1186/1752-1947-3-74
https://casereports.bmj.com/content/2012/bcr.01.2011.3689
https://casereports.bmj.com/content/2012/bcr.01.2011.3689
https://pubmed.ncbi.nlm.nih.gov/32284870/
https://pubmed.ncbi.nlm.nih.gov/32284870/
https://pubmed.ncbi.nlm.nih.gov/32284870/
https://pubmed.ncbi.nlm.nih.gov/27526286/
https://pubmed.ncbi.nlm.nih.gov/27526286/
https://pubmed.ncbi.nlm.nih.gov/27526286/
https://pubmed.ncbi.nlm.nih.gov/27526286/
https://pubmed.ncbi.nlm.nih.gov/11937645/
https://pubmed.ncbi.nlm.nih.gov/11937645/
https://pubmed.ncbi.nlm.nih.gov/32838801/
https://pubmed.ncbi.nlm.nih.gov/32838801/
https://pubmed.ncbi.nlm.nih.gov/32838801/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7450155/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7450155/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7450155/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7450155/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7543860/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7543860/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7543860/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7543860/
https://pubmed.ncbi.nlm.nih.gov/30797955/
https://pubmed.ncbi.nlm.nih.gov/30797955/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1873798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1873798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1873798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1873798/
https://pubmed.ncbi.nlm.nih.gov/25098712/
https://pubmed.ncbi.nlm.nih.gov/25098712/
https://pubmed.ncbi.nlm.nih.gov/32335855/
https://pubmed.ncbi.nlm.nih.gov/32335855/
https://pubmed.ncbi.nlm.nih.gov/32335855/
https://pubmed.ncbi.nlm.nih.gov/32335855/
https://pubmed.ncbi.nlm.nih.gov/32334645/
https://pubmed.ncbi.nlm.nih.gov/32334645/
https://pubmed.ncbi.nlm.nih.gov/32334645/
https://pubmed.ncbi.nlm.nih.gov/26760044/
https://pubmed.ncbi.nlm.nih.gov/26760044/
https://pubmed.ncbi.nlm.nih.gov/26760044/
https://pubmed.ncbi.nlm.nih.gov/26760044/

	Title
	Abstract
	Background
	Glucocorticoid for coronavirus-associated acute fibrinous and organizing pneumonia
	Glucocorticoids as replacement treatment in COVID-19 patients with adrenocortical insufficiency

	Conclusion
	Acknowledgement
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

