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late in the disease course.

Corticosteroids in the
treatment of viral pneumonia
The effects of corticosteroids in the treat-
ment of viral pneumonia and the acute
respiratory distress syndrome (ARDS)
have been the subject of controversy over
decades, including several studies through
the last 15 years. The majority of studies
report a detrimental effect of corticoste-
roids for the treatment of influenza viral
pneumonia, including studies during the
H1N1 influenza outbreak of 2009-2010 (1,
2) and subsequent studies with H5N1 influ-
enza pneumonia (3). Most studies were
retrospective, though the analyses were
adjusted for baseline differences between
the corticosteroid-treated and untreat-
ed patients (4). During the 2003 severe
acute respiratory syndrome (SARS) coro-
navirus outbreak, one retrospective study
found evidence of benefit among patients
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Although corticosteroids dampen the dysregulated immune system and
sometimes are prescribed as an adjunctive treatment for pneumonia, their
effectiveness in the treatment of coronavirus disease 2019 (COVID-19)
remains controversial. In this issue of the JCI, Liu and Zhang et al. evaluated
corticosteroid treatment in more than 400 patients with severe COVID-19.
The authors assessed subjects retrospectively for cardiac and liver injury,
shock, ventilation, mortality, and viral clearance. Corticosteroids in severe
COVID-19-related acute respiratory distress syndrome (ARDS) were
associated with increased mortality and delayed viral clearance. Here, we
consider how to reconcile the negative effects of corticosteroids revealed by
Liu and Zhang et al. with the favorable effects (reduced mortality) that were
described in the RECOVERY trial. We posit that treatment timing, dosage,
and COVID-19 severity determine immune response and viral outcome.
Patients with moderate-to-severe COVID-19 pneumonia are likely to benefit
from moderate-dose corticosteroid treatment when administered relatively

with ARDS from SARS (5). Others showed
either no benefit or evidence of harm (6).
Notably, viral RNA clearance was delayed
in patients who received early corticoste-
roids (7). In a retrospective study of corti-
costeroids in critically ill patients with Mid-
dle East respiratory syndrome, unadjusted
mortality was higher among patients who
received corticosteroids, and RNA viral
clearance was delayed (8). Thus, the poten-
tial beneficial or harmful effect of cortico-
steroids in patients with SARS-coronavirus
2 (SARS-CoV-2) has been an area of major
interest since the onset of the coronavirus
disease 2019 (COVID-19) pandemic.

In this issue of the JCI, Liu and Zhang
et al. performed a retrospective study
of 774 patients with COVID-19-related
acute respiratory insufficiency who devel-
oped ARDS in five tertiary care hospitals
in China between December 2019 and
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March 2020 (9). Overall 28-day mortality
was 38%. Patients treated with corticoste-
roids (n = 409) had a significantly high-
er 28-day mortality than those without
corticosteroid treatment (n = 365) (OR
1.77, 95% CI 1.32-2.38, P < 0.001), and
corticosteroid use was an independent
risk factor for mortality in a multivariate
logistic regression analysis and an extend-
ed Cox regression model. Corticosteroids
also delayed SARS-CoV-2 RNA clearance.
Most patients did not present with ARDS
at admission; 87% in the steroid group
and 92% in the non-steroid group were on
nasal cannula oxygen at admission, and
their respiratory status deteriorated during
hospitalization.

Notably, patients who received cor-
ticosteroids were substantially different
from those who did not by several criteria.
The steroid-treated group included fewer
smokers, fewer patients with diabetes, and
fewer patients with chronic cardiac or renal
disease, but the baseline acute physiology
and chronic health evaluation (APACHE) II
score (severity of illness measure) was high-
er (12vs. 10, P=0.001). To account for these
differences, a propensity analysis based on
multiple variable regression was done that
matched 182 patients who received ste-
roids versus 182 patients who did not. The
increased odds of death in patients treated
with corticosteroids persisted among pro-
pensity-matched subjects (OR = 1.64, 95%
CI 1.05-2.57, P = 0.032) (9). This adjusted
analysis reinforces the primary findings.
However, it is still possible that the patients
who received corticosteroids differed in
some meaningful ways that cannot be ful-
ly captured by propensity matching. Tra-
ditionally, this is termed confounding by
indication; in other words, the steroid-treat-
ed patients could have been sicker than
patients not treated with steroids.

In contrast, the RECOVERY trial (n
= 6425) reported a significant mortality
benefit of corticosteroid therapy with 6
mg dexamethasone daily (150 mg hydro-
cortisone equivalent) for up to 10 days in
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Figure 1. Model for deleterious or beneficial effects of corticosteroids in the treatment of COVID-19. (A) In asymptomatic or mild cases and in the

absence of treatment, SARS-CoV-2 induces transcriptional upregulation of interferons (IFNs) and NF-xB activation, which promote cytokine production
and activation of macrophages as well as demargination of PMNs. Antigens are presented to T cells and a targeted cytotoxic response ensues. (B) In wors-
ening illness, corticosteroid treatment can delay pathogen recognition and control. Dampened danger signaling leads to impaired IFN release, unchecked
viral replication, and consequent alveolar and lung damage. (C) In severe illness with COVID-19 without corticosteroid treatment, viral propagation to the
alveoli amplifies danger signals and worsens alveolar epithelial and endothelial damage. Persistent damage leads to exuberant NF-kB activation and
inflammation worsens even as viral load decreases. (D) In severe cases of COVID-19 corticosteroid treatment may decrease proinflammatory cytokine bur-
den and help resolution. Corticosteroids promote a proresolving macrophage phenotype that can clear cellular debris. Corticosteroids also reduce capillary

permeability and increase alveolar edema fluid clearance, resulting in improved barrier function.

patients who were receiving oxygen ther-
apy or mechanical ventilation, with the
greatest benefit in mechanically ventilated
patients (10). There was, however, a strong
trend for greater mortality in patients who
received dexamethasone and who were
not requiring oxygen therapy. In a pre-
specified subgroup analysis, patients who
received corticosteroids more than seven

days after symptom onset had reduced
28-day mortality (rate ratio [RR] 0.69, 95%
CI0.59-0.80), but there was no significant
difference in mortality for the subgroup of
patients who received steroids at or before
seven days after symptom onset (RR 1.01,
95% CI 0.87-1.17). Some patients were
excluded because their treating physician
determined that corticosteroids were con-
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traindicated, although the reasons for such
a determination were not recorded. Also,
there were no measurements of viral clear-
ance in this pragmatic trial.

Reconciling contradictory
results

Can the negative results of the Liu and
Zhang et al. study (9) be reconciled with
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the favorable effects of dexamethasone
on reducing mortality in the RECOVERY
trial (10)? The timing of corticosteroid
administration could be a major factor.
In the Liu and Zhang et al. study, the vast
majority of patients received cortico-
steroid therapy a median of three days
before invasive mechanical ventilation,
and the increase in mortality was driven
by patients who received corticosteroids
early in their hospitalization. Earlier cor-
ticosteroid administration might impair
clearance of SARS-CoV-2, as suggested by
delayed viral clearance in the steroid-treat-
ed patients. The dose of corticosteroid
treatment is likely a second important fac-
tor. The median dose of corticosteroids in
the study by Liu and Zhang et al. (9) was
200 mg hydrocortisone equivalent, and
nonsurvivors received a median of 400
mg. The detrimental effects of steroids on
mortality were driven by patients in the
higher-dose group, whereas there was no
statistically significant difference in the
odds of death in the lower-dose group. In
contrast, patients in the RECOVERY group
received the equivalent of 150 mg hydro-
cortisone (10). A third factor is the severity
of COVID-19. In the Liu and Zhang et al.
study, there was no evidence of a delete-
rious effect of corticosteroid therapy in
patients who were mechanically ventilated
or in shock. The primary deleterious effect
was in patients with less systemic organ
failure (sequential organ failure assess-
ment [SOFA] score < 7). Thus, the results
from Liu and Zhang et al. (9) are consistent
with a deleterious effect of corticosteroid
therapy when administered to patients
who are not as severely ill. These findings
match reasonably well with the RECOV-
ERY trial (10), in which corticosteroid
administration was associated with differ-
ent mortality rates by severity of illness.

Mechanisms for steroid effects
in COVID-19

What are the molecular and cellular
mechanisms by which steroids can have
a detrimental or beneficial effect on viral
pneumonia/ARDS and COVID-19? The
normal host response to viral infection
prompts transcriptional upregulation of
interferons and activation of transcrip-
tion factors such as nuclear factor kappa B
(NF-kB), stimulating the release of several
cytokines to mobilize monocytes, macro-
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phages, lymphocytes, and neutrophils to
respond to viral infection (11). Coronavi-
ruses have developed various mechanisms
to evade detection and targeting by the
host response early after infection (12).
Corticosteroid treatment in the early stage
of viral infection can suppress host antivi-
ral activity (13, 14), enhancing viral replica-
tion and cytopathic damage to the alveolar
epithelial cells (15). Uptake of virus by the
ACE-2 receptor on alveolar epithelial type
2 cells with enhanced cell injury and death
would impair surfactant secretion (need-
ed for alveolar inflation and stability) and
inhibit vectorial alveolar fluid clearance,
the main pathway for resolution of pulmo-
nary edema (16). The degree of alveolar
epithelial injury is a major determinant
of the severity of ARDS (17). In contrast,
corticosteroid therapy given to COVID-19
patients after the host has controlled viral
replication could have a favorable effect
by reducing proinflammatory cytokines,
enhancing antiinflammatory cytokines
and proresolving lipids, decreasing lung
vascular permeability, improving epitheli-
al barrier integrity, and promoting alveolar
edema fluid clearance (18-20). We posit
that there are potential deleterious and
beneficial effects of corticosteroids at dif-
ferent stages of infection, lung injury, and
ARDS (Figure 1).

In conclusion, the findings of Liu
and Zhang et al. (9) taken together with
those of the RECOVERY trial (10) sug-
gest that patients with moderate-to-severe
COVID-19 pneumonia likely benefit from
moderate-dose corticosteroid treatment
relatively late in the disease course, espe-
cially when patients require mechanical
ventilation. Early treatment in milder dis-
ease seems harmful. Prospective stud-
ies are needed that include more data on
SARS-CoV-2 viral shedding in the pres-
ence of both corticosteroid treatment and
antiviral therapy with remdesivir (21) cor-
related with the specific level of oxygen
support (nasal oxygen versus high-flow
nasal oxygen) and ventilatory support
(noninvasive ventilation versus invasive
ventilation), and detailed information
regarding comorbidities that may increase
susceptibility to harm from corticosteroid
treatment. The complex immune response
to SARS-CoV-2 infection is still being ful-
ly characterized, including comprehen-
sive lymphocyte profiles in patients with
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severe disease (22). Also, a recent study of
COVID-19 patients indicated that severely
and critically ill COVID-19 patients have
impaired interferon responses that were
associated with impaired viral clearance in
the blood and an exaggerated inflammato-
ry response driven in part by the transcrip-
tion factor NF-kB (23). Ongoing studies of
the immune activation pattern in patients
with COVID-19 should provide additional
insights into the timing and therapeutic
effects of corticosteroids and help deter-
mine which COVID-19 patients will bene-
fit or be harmed.
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