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The effect of systemic corticosteroids on clinical outcomes in patients with coronavirus disease 2019
(COVID-19) remains controversial. While the use of corticosteroids raises concerns regarding delayed
viral clearance, secondary infections, and long-term complications that can lead to increased mortality,
corticosteroids have the potential to reduce mortality if used appropriately. Herein, we report good
outcomes in two patients with COVID-19 who received systemic corticosteroids as adjunctive therapy. An
83-year-old man with hypertension and smoking history and a 62-year-old man with a drinking habit
were transferred to our hospital with a diagnosis of COVID-19. The patients developed general malaise
and loss of appetite with persistent high fever. Despite the prescription of antiviral drugs, their hypox-
emia progressed rapidly. However, after the introduction of systemic corticosteroids, their symptoms
improved as the fever decreased, and their hypoxemia gradually improved. These results suggest that
some patients with COVID-19 may benefit from the appropriate use of systemic corticosteroids as
adjunctive therapy.

© 2020 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
1. Introduction

Coronavirus disease 2019 (COVID-19) commonly does not pro-
duce symptoms or manifests with only mild fever and upper res-
piratory tract symptoms. While the disease often resolves
spontaneously, in some cases, aggravation of pneumonia may lead
to life-threatening acute respiratory distress syndrome (ARDS).
Systemic administration of corticosteroids may have an inhibitory
effect on lung injury associated with inflammation; however,
various issues have been reported, including delayed viral clear-
ance, secondary infections, and long-term complications, and no
consensus has yet been reached regarding the effects of such a
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treatment on patients with COVID-19. In this communication, we
report our experience with two cases of severe COVID-19 in which
good clinical courses were achieved after systemic administration
of methylprednisolone.

2. Case report

After clinical findings confirmed the presence of COVID-19 in
some individuals among the passengers of a large cruise ship
traveling around Asia, quarantine started at the port of Yokohama,
Japan. Patient 1 was an 83-year-old man who had been taking oral
calcium channel blockers for hypertension and had a 38 pack-years’
smoking history. The patient developed fever while on the ship
and, therefore, was tested for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) by polymerase chain reaction (PCR) of
throat swab samples on the day after symptom onset. The result
was positive; thus, the patient was transported to our hospital
(hospital day 1). On admission, a body temperature of 38 �C and a
respiratory rate of 18 breaths perminute, with an oxygen saturation
of 97% at room air, were recorded. The patient was conscious and
lucid, and auscultation of the chest showed no abnormal findings.
ous Diseases. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Clinical course of Patient 1 after admission. The FiO2 values during the use of nasal cannula, face mask, and reservoir nasal cannula are estimates. FiO2: fraction of inspiratory
oxygen, WBC: white blood cell count, CRP: C-reactive protein.
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Blood tests performed on admission showed a white blood cell
count of 4600/ml and a C-reactive protein level of 1.73 mg/dl,
indicating a mildly increased inflammatory response; however,
liver and kidney functions showed no abnormal findings. Chest
radiographs taken on admission showed clear areas with increased
density in the right-middle and lower lung fields as well as in the
left lower lung field. The clinical course after admission is shown in
Fig. 1. The patient was treated with oral acetaminophen, but fever
exceeding 38 �C persisted and was later accompanied by cough and
sputum. Computed tomography (CT) scans taken on hospital day 4
showed mottled ground-glass opacities (GGOs) in the lung pe-
riphery (Fig. 2A). Upon approval by our hospital's ethics review
board and obtaining consent from the patient, treatment using
lopinavir/ritonavir (400 mg/100 mg) (one tablet per dose, taken
twice daily for 14 days) was started on hospital day 6. Owing to the
persistently high fever, the patient also developed general malaise,
loss of appetite, and delirium. On hospital day 7, the GGOs
increased in size (Fig. 2B) and hypoxemia progressed rapidly;
therefore, high-flow nasal cannula oxygen therapy was started. As a
low-dose corticosteroid therapy at early-phase ARDS,
Fig. 2. Computed tomography (CT) scans of Patient 1. (A) Day 4. Mottled ground-glass opac
Day 21. The GGO in the right lung has virtually disappeared but consolidation developed i
Pleural effusions caused by congestive heart failure have also developed. (D) Day 39. The o
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methylprednisolone was administered at a dose of 80 mg/day, and
in consideration of the possibility of mixed infections, tazobactam/
piperacillin treatment was started at a dose of 13.5 g/day. The fever
resolved promptly, and there were improvements in general mal-
aise, loss of appetite, and delirium. However, the hypoxemia per-
sisted; therefore, high-concentration oxygen therapy was
continued with a fraction of inspiratory oxygen of 0.8, and the use
of mechanical ventilation was considered. Starting on hospital day
8, the patient's fever disappeared. As this may have been due to the
effects of lopinavir/ritonavir, corticosteroid treatment was stopped
on hospital day 13. The patient developed fever again, and chest
radiographs showed a clear area with increased density in the left
upper lung field; CT scans taken 5 days later showed consolidation
(Fig. 2C). Based on the clinical course, ARDS and organizing pneu-
monia were suspected rather than complication by secondary
infection; therefore, methylprednisolone 40 mg/day was started on
hospital day 16. The fever resolved promptly, and the patient's
respiratory status tended to improve. Supplemental oxygen treat-
ment was terminated safely on hospital day 34. Corticosteroids
were changed from intravenous methylprednisolone to oral
ities (GGOs) are visible at the lung periphery. (B) Day 7. Increased GGO dimensions. (C)
n the upper lobe of the left lung after discontinuation of methylprednisolone therapy.
pacities in both lungs have virtually disappeared.
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prednisolone and terminated by reducing the doses gradually. On
hospital day 19, nasopharyngeal swab samples showed negative
results in SARS-CoV-2 PCR analysis. Rehabilitation allowed for
gradual recovery of the decreased activities of daily living; findings
confirmed that the opacities in both lungs had virtually dis-
appeared (Fig. 2D), and the patient was therefore discharged on
hospital day 42.

Patient 2 was a 62-year-old man with a history of early-stage
gastric cancer and alcohol consumption. The patient had devel-
oped fever, general malaise, polyarticular pain, and diarrhea the
day after returning from a 6-day business trip in a region of Japan
where the number of confirmed COVID-19 cases was relatively
high. As the symptoms showed no improvement for four days after
onset, the patient consulted a previous physician. CT scans revealed
GGOs disseminated mainly at the periphery of both lungs (Fig. 3A);
therefore, nasopharyngeal swab samples were subjected to a SARS-
CoV-2 PCR test. The results were positive; thus, the patient was
transported to our hospital six days after symptom onset (hospital
day 1). The findings on admission included a body temperature of
38.3 �C, a respiratory rate of 24 breaths per minute, and an oxygen
saturation of 94% at room air. The patient was conscious and lucid.
Fig. 3. Computed tomography (CT) scans of Patient 2. (A) Day 0. Mottled ground-glass opaci
in both lungs. (C) Day 9. Tendency toward GGO improvement, accompanied by subpleural c

Fig. 4. Clinical course of Patient 2 after admission. The FiO2 values during the use of nasal c
WBC: white blood cell count, CRP: C-reactive protein.
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Chest auscultation findings showed no abnormal findings. Blood
tests on admission revealed a white blood cell count of 3100/ml and
a C-reactive protein level of 2.13 mg/dl, indicating a mildly
increased inflammatory response. Assessments of liver and kidney
functions showed no abnormal findings; however, lactate dehy-
drogenase (417 U/l) and creatine kinase (800 U/l) concentrations
were elevated. Chest radiographs at admission showed clear areas
with increased density at the periphery of both lungs. The clinical
course after admission is shown in Fig. 4. Upon approval by the
hospital ethics review board and obtaining consent from the pa-
tient, a 14-day treatment of oral lopinavir/ritonavir (400 mg/100
mg) was started at one tablet per dose, twice daily. In addition,
considering mixed infection, tazobactam/piperacillin at 13.5 g/day
was also started. Nonetheless, the patient's general malaise wors-
ened and appetite declined. CT scans showed that the GGO in both
lungs rapidly worsened (Fig. 3B); therefore, methylprednisolone 80
mg/day was started on hospital day 3. The fever resolved rapidly,
and the patient's general malaise and appetite also improved;
however, on hospital day 5, the hypoxemia progressed rapidly.
Therefore, high-flow nasal cannula oxygen therapy was started.
Based on our experience with Patient 1, corticosteroid therapy was
ties (GGOs) are visible at the lung periphery. (B) Day 3. Rapid exacerbation of the GGOs
urvilinear shadows. (D) Day 23. The opacities in both lungs have virtually disappeared.

annula and reservoir nasal cannula are estimates. FiO2: fraction of inspiratory oxygen,
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terminated by decreasing the doses gradually. The patient's respi-
ratory status started to improve on hospital day 6, and upon
approval by our hospital's ethics review board and obtaining con-
sent from the patient, 5-day oral favipiravir therapy (200 mg) was
started on hospital day 7 according to the following regimen: eight
tablets per dose twice daily on the first day and three tablets per
dose twice daily from the second to fifth days. CT scans obtained on
hospital day 9 showed a tendency toward GGO improvement
accompanied by subpleural curvilinear shadows (Fig. 3C). On hos-
pital day 21, oxygen administration was terminated without inci-
dent, and nasopharyngeal swab samples subjected to SARS-CoV-2
PCR testing on the same day showed negative results. After ex-
aminations confirmed the disappearance of virtually all abnormal
findings in both lungs (Fig. 3D), the patient was discharged on
hospital day 28. In both patients, there was no relapse of symptoms
after the termination of the corticosteroid treatment.

3. Discussion

Both cases reported in this study had developed severe pneu-
monia due to SARS-CoV-2. Patient 1 was treated with lopinavir/
ritonavir in combination with methylprednisolone, while Patient 2
was treatedwith lopinavir/ritonavir in combinationwith favipiravir
and methylprednisolone. In both cases, improvement was achieved
without the use of advanced medical technology such as mechan-
ical ventilation and extracorporeal membrane oxygenation. The
COVID-19 pandemic has caused shortage of intensive care unit beds
and mechanical ventilators necessary for critically ill patients in
medical institutions. Given that there are countries and regions
with poorly equipped healthcare systems, treatment strategies will
be needed to minimize the disease's severity.

Thus far, no antiviral agent has been proven effective for
COVID-19, although clinical trials of various drugs are currently
being performed worldwide. Such drugs include lopinavir/rito-
navir, which were originally developed as anti-human immuno-
deficiency viral agents, and favipiravir, which was developed as
an anti-influenza viral agent. Lopinavir/ritonavir has been used in
the treatment of severe acute respiratory syndrome (SARS) and
Middle East respiratory syndrome (MERS) [1]; however, it was
not effective in a randomized controlled trial performed on 199
patients with COVID-19 [2]. The results of clinical trials of favi-
piravir have not yet been published. Clinical trials are underway
for each of the drugs, the results of which are awaited to evaluate
the drugs’ effectiveness. However, we could not directly deter-
mine the effectiveness of the antiviral agents in the two cases
described in our study.

Given the current absence of antiviral drugs with confirmed
effectiveness, the question is whether respiratory and circulatory
management through mechanical ventilation and extracorporeal
membrane oxygenation is the only treatment option for COVID-19
patients with rapidly worsening conditions. In SARS and MERS
patients, corticosteroids have often been administered in combi-
nation with other therapeutic agents; similarly, they have been
administered to COVID-19 patients in the hope that they may have
inhibitory effects on inflammation [3]. However, Russell et al. re-
ported that corticosteroids should not be used in the treatment of
lung injury and septic shock due to SARS-CoV-2 [4]. Furthermore,
the WHO Interim Guidelines on the management of severe acute
respiratory infection due to SARS-CoV-2 stated that routine corti-
costeroid administration should be avoided unless there are spe-
cific reasons such as septic shock or exacerbation of asthma or
chronic obstructive pulmonary disease [5]. The recommendations
were based on reports suggesting that corticosteroid treatment in
patients with SARS, MERS, or influenza may delay viral clearance
from the respiratory tract and blood, increase mortality, and lead to
97
secondary infections or complications of mental illness or diabetes
[6e8]. Yang et al. conducted a systematic review and meta-analysis
of the effects of corticosteroid treatment on patients with corona-
virus infection and found that corticosteroid treatment was asso-
ciatedwith highermortality, longer hospital stays, and a higher rate
of bacterial infection [9]. However, Shang et al. pointed out that
most reports published thus far on the management of COVID-19
with corticosteroids are observational studies; thus, mortality in
the corticosteroid-treated groups was likely to be higher due to
selection bias and confounding factors [10]. Previous reports have
shown increased serum inflammatory cytokine levels in SARS and
MERS patients; findings in COVID-19 patients have also confirmed
increased proinflammatory cytokine levels, especially in patients
requiring management in the intensive care unit. The serum levels
of granulocyte colony-stimulating factor, interferon gamma-
induced protein 10, monocyte chemoattractant protein-1, macro-
phage inflammatory protein 1A, and tumor necrosis factor-alpha
were significantly higher in these patients, suggesting an associa-
tion between a cytokine storm and disease severity [3]. Chen et al.
previously reported a decreased mortality rate, no secondary in-
fections or other complications, and decreased length of hospital
stay with proper use of corticosteroids in SARS patients [11].
Furthermore, in their systematic review and meta-analysis, Sie-
mieniuk et al. reported that corticosteroid therapy could reduce the
mortality rate and the need for mechanical ventilation and could
shorten the length of hospital stay in patients with community-
acquired pneumonia [12]. In a previous retrospective cohort
study of COVID-19 pneumonia patients, Wu et al. showed that even
though the number of severe cases was higher in the
methylprednisolone-treated group than in the untreated group, the
mortality rate was lower in the treated group [13]. Experts from the
Chinese Thoracic Society have issued a consensus statement that,
although administration of corticosteroids for treating SARS-CoV-2
pneumonia requires careful consideration, in cases requiring
corticosteroid administration, the doses need to be low or moder-
ate (equivalent of 0.5e1 mg methylprednisolone/kg/day) and
administered only over a short period (7 days or less) [14]. Based on
these reports, we hypothesize that corticosteroid treatment may
not be necessary in mild cases but may be considered in moderate
to severe cases. Although this medication is not covered by insur-
ance in Japan, it would be ethically acceptable to administer cor-
ticosteroids for patients with ARDS due to COVID-19 according to
these reports and clinical practice guidelines for the management
of ARDS in Japan [15].

In the two cases described here, persistently high fever was
accompanied by fatigue and loss of appetite. In addition, the hyp-
oxemia progressed rapidly, and mechanical ventilation was there-
fore considered. Informed consent was obtained for the
administration of low-dose corticosteroids, which can cause side
effects such as secondary infections or complications of mental
illness or diabetes, but may contribute to symptomatic improve-
ment by reducing excessive inflammation. After administration of
methylprednisolone, the fever resolved immediately, and the fa-
tigue and appetite improved. If corticosteroids had not been
administered,more oxygenmay have been required due to the high
fever, and oxygenation may have been impossible to maintain.
While corticosteroids themselves may not have a direct amelio-
rating effect on oxygenation, they appeared to be at least indirectly
effective in maintaining oxygenation. However, caution is needed
concerning mental illness as a complication of corticosteroid use
and, as in Patient 1, careful assessment is needed when using cor-
ticosteroids in older adults with delirium. Regarding delayed viral
clearance as a potential negative aspect of corticosteroid therapy,
negative PCR test results were obtained on hospital day 20 for
Patient 1 and on hospital day 21 for Patient 2. Previous reports have
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shown that SARS-CoV-2 viral genes can be detected in upper res-
piratory tract samples over a relatively long period after the
disappearance of symptoms [16]. While viral clearance could have
been achieved earlier if corticosteroids had not been administered
in the two cases reported in this study, the most important goal in
the management of COVID-19 is to reduce mortality. In the two
cases described in our study, the administration of methylpred-
nisolone was followed by improvement in symptoms such as fever,
fatigue, and loss of appetite, and the patients' conditions improved
without the development of fatal hypoxemia.

We reported our experiences with two cases of COVID-19 in
which corticosteroids, used as adjunctive therapy, appeared to
achieve a certain effect. No consensus has yet been reached
regarding the administration of corticosteroids for the treatment of
COVID-19; however, when used properly, they may be beneficial in
some cases. In conclusion, well-designed randomized controlled
trials are needed to evaluate the efficacy and safety of corticosteroid
use in such cases.
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