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Abstract

Severe coronavirus disease (COVID‐19) is characterized by an excessive proin-

flammatory cytokine storm, resulting in acute lung injury and development of acute

respiratory distress syndrome (ARDS). The role of corticosteroids is controversial in

severe COVID‐19 pneumonia and associated hyper‐inflammatory syndrome. We

reported a case series of six consecutive COVID‐19 patients with severe pneumonia,

ARDS and laboratory indices of hyper‐inflammatory syndrome. All patients were

treated early with a short course of corticosteroids, and clinical outcomes were

compared before and after corticosteroids administration. All patients evaded

intubation and intensive care admission, ARDS resolved within 11.8 days (median),

viral clearance was achieved in four patients within 17.2 days (median), and all

patients were discharged from the hospital in 16.8 days (median). Early adminis-

tration of short course corticosteroids improves clinical outcome of patients with

severe COVID‐19 pneumonia and evidence of immune hyperreactivity.
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1 | INTRODUCTION

In addition to respiratory failure, early studies on patients with severe

coronavirus disease (COVID‐19) have reported significantly increased

plasma levels of several cytokines and chemokines, and inflammatory

markers, such as C‐reactive protein (CRP), interleukin 6, procalcitonin,

and ferritin, appear to correlate with respiratory failure, ARDS,

altered immune status, and fatal outcome.1,2 Based on these findings,

a dysregulated host immune response to severe acute respiratory

syndrome coronavirus 2 (SARS‐CoV‐2) lung infection leading to

exuberant cytokine release (“cytokine storm”) and immune‐mediated

lung injury has been postulated as a critical pathogenetic factor in the

progression to ARDS.3

We present a small series of six consecutive hospitalized COVID‐19
patients with rapidly deteriorating hypoxemia and laboratory

indices of COVID‐19 associated hyper‐inflammatory syndrome (CAHS),

all of which evaded intubation/intensive care unit (ICU) admission

and recovered completely following a short course of high‐dose
corticosteroid (CS).

2 | METHODS

From 19th March to 24th April 2020, 38 patients were admitted to the

7th Department of Respiratory Medicine, “Sotiria” Chest Hospital,

Athens, Greece, which was transformed to a COVID‐19 only care unit.

All of them had confirmed COVID‐19, defined by a positive reverse‐
transcriptase–polymerase chain reaction (RT‐PCR) assay for SARS‐CoV‐2
in a nasopharyngeal swab. Baseline characteristics and clinical, laboratory,

radiological, and treatment data were prospectively collected as part of
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an observational cohort study approved by the research ethics commit-

tee of our hospital (10685/2020). Written informed consent was ob-

tained from all patients included in this registry.

3 | RESULTS

Eleven patients developed severe hypoxemia, fulfilling the diagnostic

criteria of ARDS (PaO2/FiO2 < 300 mm Hg) either at admission or

shortly after.

Six out of the eleven patients who developed severe hypoxemia,

were middle‐aged (median, 58; range, 45‐64 years), mostly male (5/6),

never or ex‐smokers with otherwise insignificant medical history. All

presented with fever, cough, and mild dyspnea on exertion as well as

pulmonary infiltrates several days after symptom onset (median, 7.8;

range, 6‐12 days) and either had hypoxemia (median, PaO2/FiO2 190 mm

Hg; range, 113‐252 mm Hg) on admission or developed it shortly after

(median time from admission to ARDS 1.5; range, 0‐3 days), thus fulfilling

the diagnostic criteria of ARDS (Table 1). Antigen tests for influenza

(nasopharyngeal swabs), Streptococcus pneumoniae and Legionella

pneumophila (urine samples) and sputum cultures were performed in all

patients. On admission, lymphopenia was almost universally present

(median, 635; range, 490‐1,930 lymphocytes/μL) as well as a low

lymphocyte‐to‐CRP ratio, while increased levels of d‐dimers (median,

1.19; range, 0,45‐3,81 μg/mL) and transaminitis (median alanine amino-

transferase, 60.5; range, 17‐343 IU/L) were noticed in four patients. CRP

and ferritin in contrast with procalcitonin, were already significantly

elevated at presentation and increased further in parallel with the de-

velopment of hypoxemia (Figure 1).

Patients received treatment as per local protocol (combination of

azithromycin, hydroxychloroquine, beta‐lactam, prophylaxis with

low‐molecular‐weight heparin and oxygen therapy). One patient had

also tested positive for influenza and received oseltamivir, while four

patients did not receive hydroxychloroquine due to laboratory con-

firmed glucose‐6‐phosphate dehydrogenase deficiency. Treatment

with CS (i.v. methylprednisolone 125mg once daily) was started

shortly after hypoxemia and evidence of cytokine storm had ensued.

In all six patients, fever subsided and dyspnea alleviated within

48 hours after CS initiation and by day 3 post treatment onset, four

patients had attained significant reductions in the levels of most or all

of the inflammatory markers measured and CS were discontinued. A

more prolonged treatment course (5 days) was followed in the other

two patients, in whom inflammatory markers began to decline on day

5 of CS therapy. Oxygenation gradually improved obviating the need

for intubation in all six patients. The inflammatory profile ameliora-

tion tended to precede PaO2/FiO2 which was slow, with the time

needed to reach a PaO2/FiO2 > 300 mm Hg ranging from 6 to 18 days

(median, 11.8 days), indicating a slower rate of the inflammatory

resolution in the pulmonary compared with systemic compartment

(Figure 1). Overall, CS were well tolerated, with only one patient

developing transient mild hyperglycemia, and RT‐PCR to confirm

viral clearance on discharge was repeated in four patients and all had

two negative tests at a 24‐hour interval (median, 17.2 days; range,

14‐23 days) (Table 1). Of the remaining five patients out of eleven

TABLE 1 Baseline characteristics, treatment, and outcome of six patients with severe COVID‐19 pneumonia treated with corticosteroids

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Baseline characteristics

Age, y 45 62 64 60 45 56

Sex Male Female Male Male Male Male

Smoking status, smoker Ex Never Never Ex Ex Never

Comorbidities None Hyper‐lipidemia None AH radical prostatectomy

nephrolithiasis

Allergic rhinitis None

Disease time course

Time from illness onset to admission, d 7 8 12 7 7 6

Time from admission to ARDS, d 2 0 1 1 2 3

Treatment

Hydroxychloroquine Noa Noa Noa Yes Noa Yes

Azithromycin No Yes Yes Yes Yes Yes

Time from admission to CS treatment onset, d 3 4 1 2 4 3

CS treatment duration, d 3 3 3 3 5 5

Outcome

Time from CS onset to PaO2/

FiO2 > 300mm Hg, d

9 14 6 11 18 13

CS side effects None None None None Hyper‐glycemia None

Length of hospital stay, d 15 21 10 13 23 19

Viral clearance, d NA 20 NA 13 19 17

Abbreviations: ARDS, acute respiratory distress syndrome; AH, arterial hypertension; CS, corticosteroids; NA, not available.
aGlucose‐6‐phosphate dehydrogenase (G6PD) deficiency.
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(median, 74; range, 62‐91 years) who developed severe hypoxemia

and did not receive CS, the first three were intubated and transferred

to ICU, one was treated as cardiac failure and recovered, and another

had terminal cancer and died of septic shock‐the only fatal outcome

among our patients (Table S2).

4 | DISCUSSION

In this uncontrolled case series of six middle‐aged patients with

COVID‐19 associated hyper‐inflammatory syndrome and without

significant comorbidities, administration of CS was followed by clin-

ical improvement, and in four patients checked on discharge, viral

clearance was documented, raising question whether or not CS may

prolong viral shedding.

Real‐life data suggest that therapeutic trials of CS have already

been applied quite extensively in COVID‐19, particularly in ICU

patients with severe or critical disease, without clear evidence of

benefit, although a recent study showed that early administration of

CS reduced the need for intubation and mortality.1,4 Moreover,

inconclusive findings from previous studies on the efficacy of

CS treatment in influenza, SARS and Middle East respiratory syn-

drome along with concerns of possible harm principally with respect

to secondary infections and prolonged viral replication, render their

use for COVID‐19 controversial at this point.5,6

The rationale for CS use in this specific clinical phenotype of

COVID‐19 patients with associated hyper‐inflammatory syndrome,

was that the benefits of an early intervention to decrease the hyper‐
inflammatory response and acute lung injury, that does not initially

resembles that of classic ARDS, may outweigh the adverse effects

of CS.7

Theoretically, this CAHS could bear some resemblance to

secondary haemophagocytic lymphohistiocytosis (sHLH), a reactive

hyper‐ferritinemic hyper‐cytokinemic immune syndrome, most com-

monly triggered by viral infections, which may result in life‐threatening
organ failure, including ARDS in approximately 50% of patients,8

through an unpredictable (though potentially fulminant) course. Early

administration of high‐dose CS with or without IV immunoglobulin is

the mainstay of first‐line treatment for sHLH and a graded approach

regarding CS dosage and duration tailored to the disease severity and

course is recommended.9

Therefore, understanding the pathophysiology of COVID‐19 in

the different clinical stages of the disease is important, as distinct

treatments may be needed in the different expressions of the disease

and in what looks like a COVID‐19 triggered immune hyper‐reaction.9

To corroborate this hypothesis, preliminary data from postmortem

biopsies of severe COVID‐19 infection at different temporal stages of

the disease, indicate that a lymphocytic alveolar/interstitial pattern is

observed in the early period in contrast with acute fibrinous organizing

pneumonia seen in the later period, culminating in diffuse alveolar

F IGURE 1 Comparative trend of inflammatory markers and oxygenation from hospital admission to CS treatment onset and on days 3, 5,

and 7 post CS initiation and on discharge. Data are presented as mean ± standard error of the mean. C‐reactive protein (CRP): normal range
<0.70mg/dL. Lymphocyte absolute number: normal range 1.2 to 4.0 K/μL. Procalcitonin (PCT): normal range <0.25 ng/mL. Ferritin: normal range
21.81 to 274.6 ng/mL. CS, corticosteroids; LCR, lymphocyte‐to‐CRP ratio
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damage.10,11 This dynamic pathologic process may correlate with the

degree of viral alveolar units infected, the rate of the hyper‐
inflammatory syndrome and of thrombotic microangiopathy.12 Ideally,

lung biopsies (eg, transbronchial cryobiopsies) could provide use-

ful information regarding pathologic features and viral presence in the

different stages, particularly the acute/early one) of severe COVID‐19
infection that may guide therapeutic approach.

Although the study design and the limited sample size do not permit

definitive conclusions, they do raise the awareness on the potential ef-

fectiveness of CS in COVID‐19 associated hyper‐inflammatory syndrome

in younger patients, with lack of comorbidities. Only well‐designed ran-

domized clinical trials may clarify the effect of CS, taking into account the

timing, dosage, and duration of CS and any other treatment, nevertheless,

while still awaiting results from large, randomized studies, and indis-

putable evidence, it may be worth considering CS use in selected patients

with COVID‐19 associated hyper‐inflammatory syndrome.
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Additional supporting information may be found online in the

Supporting Information section.
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