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Influenza pneumonia is associated with high number
of severe cases requiring hospital and intensive care
unit (ICU) admissions with high mortality. Systemic
steroids are proposed as a valid therapeutic option even
though its effects are still controversial. Heterogeneity
of published data regarding study design, population
demographics, severity of illness, dosing, type and
timing of corticosteroids administered constitute an
important limitation for drawing robust conclusions.
However, it is reasonable to admit that, as it was not
found any advantage of corticosteroid therapy in so diverse
conditions, such beneficial effects do not exist at all. Its
administration is likely to increase overall mortality and
such trend is consistent regardless of the quality as well
as the sample size of studies. Moreover it was shown
that corticosteroids might be associated with higher
incidence of hospital-acquired pneumonia and longer
duration of mechanical ventilation and ICU stay. Finally,
it is reasonable to conclude that corticosteroids failed to
demonstrate any beneficial effects in the treatment of
patients with severe influenza infection. Thus its current
use in severe influenza pneumonia should be restricted to
very selected cases and in the setting of clinical trials.
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Core tip: This review article presents a critical appraisal
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to the use of corticosteroids in severe influenza infections
covering the most relevant clinical studies, underlying
mechanisms (pathophysiologic and pharmacologic
aspects) and providing a scenario to help clinicians at
bedside facing this challenging situation.

According to the World Health Organization, lower
respiratory tract infections account for approximately
7% of deaths per year worldwide and viruses are a
[1]
common cause of community-acquired pneumonia .
Among this wide group of species, influenza virus are
of utmost importance and numerous interventions have
[2]
been proposed for its management , especially after
pandemic H1N1 influenza virus outbreak, which was
associated with high number of severe cases requiring
hospital and intensive care unit (ICU) admissions and
resulted in ICU mortality rates ranging from 14% to
[3]
46% .
Systemic steroids are proposed as a valid therapeutic
option due to their potential role in controlling host
inflammatory response, inhibiting cytokine production
and restoring the inappropriately low endogenous
cortisol levels, compensating critical illness-related
[4]
corticosteroid insufficiency . Although widely used in
H1N1 pandemics, the effect of corticosteroids is still
controversial. The purpose of this review is to provide
an overview of published data about steroid use and
outcomes in severe influenza infection.

complementing the work started six years before, after
the SARS (Severe Acute Respiratory Syndrome) global
outbreak.
Seasonal influenza is an acute respiratory disease
that presents with sudden onset of high fevers, upper
respiratory tract symptoms, chills, myalgia and gastroi
ntestinal tract symptoms. Infection rarely induces
symptoms of lower respiratory tract infections or severe
lung injury. Pandemic H1N1 infected patients presented
with fever, cough and sore throat and the most severe
case rapidly developed bilateral pneumonia, severe ARDS,
[9,10]
multiple organ failure and death
. It affected young
individuals disproportionately and several epidemiological
studies suggested that pregnant women and obese
[5]
patients were more susceptible to severe infection .
Although molecular mechanisms underpinning these
associations are not completely understood, it is known
that adipocytes and macrophages from obese patients
release higher quantities of interleukin (IL)-6 and tumor
necrosis factor (TNF)-α when compared to non-obese
[11]
patients . Hypercytokinemia and a proinflammatory
state are related to disease severity in influenza infections.
Furthermore, the proinflammatory properties of lectin and
anti-inflammatory properties of adiponectin may increase
[11]
the risk of developing hypoxemic respiratory failure .
Biomarkers of endothelial injury (surfactant protein D
and von Willebrand factor) were found to be elevated in
[12]
obese patients with hypoxemic respiratory failure . The
likelihood of a combined influenza induced epithelial and
endothelial injury is corroborated by pathology reports of
pandemic H1N1 patients’ lung specimens which showed
extensive diffuse alveolar damage, variable degrees of
pulmonary hemorrhage (with evidence of perivasculitis
[13]
and microthrombi) and necrotizing bronchiolitis .
Persistence of viral shedding has recently been associated
with poorer outcome and longer hospital stay both as a
predisposing factor and as a complication of influenza
[14]
infection .

Influenza infection

Corticosteroid pharmacology
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INTRODUCTION

Corticosteroids are cyclic organic compounds physiologically
secreted by zona fasciculata cells of the adrenal cortex.
Under physiological circumstances, its synthesis and
secretion are tightly regulated by the central nervous
system, through the pituitary release of corticotropin
(ACTH), which is very sensitive to negative feedback
by the circulating cortisol and exogenous (synthetic)
[15]
glucocorticoids . Cortisol, the main human corti
costeroid, has a half-life of 60 to 90 min which can be
significantly increased with large steroid loads. The
volume of distribution (Vd) also increases with higher
[16]
steroid doses and both parameters are agent-specific .
Corticosteroids are metabolized through complexly
regulated enzymatic transformations in the liver [through
A-ring reductases (5β-reductase and 5α-reductase)] and
kidney [through 11-β hydroxysteroid dehydrogenase
[17,18]
type 2 (11β-HSD2)]
that diminish their physiologic
activity and increase water solubility to enhance their

Influenza viruses are enveloped negative-sense RNA
viruses with segmented genomes that belong to the
[5]
family Orthomyoviridae . There are three antigenically
distinct subtypes, A, B and C, which circulate among
[6]
humans worldwide .
th
Three influenza pandemics occurred in the 20
[5,7]
century : 1918 (Spanish influenza), 1957 (Asian
influenza) and 1968 (Hong Kong influenza). Different
antigenic subtypes of influenza A caused them, each
resulting in more than a million deaths. In 2009, a
pandemic H1N1 virus developed by reassortment among
several influenza A strains. Over 18000 deaths were
laboratory confirmed cases but experts agree that more
than 250000 deaths may have resulted from H1N1
[8]
infection .
The 2009 H1N1 influenza pandemic originated a
surge of research investigating the mechanisms of lung
injury that develop in severe cases of influenza infection,
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urinary excretion . Most of the known effects of the
corticosteroids are mediated by nuclear receptors.

concept of critical illness associated adrenal failure may
not be real and question the pathophysiological principles
of corticosteroids stress doses in acute injuries.

Corticosteroids in critical illness

Observational studies

Interest in the role of corticosteroids in the pathophysiology
of critical illness has existed since the early decades of
th
[19]
the 20 century Every acute physical stress or noxious
stimuli results in a coordinated systemic response classically
referred to as stress response or general adaption
syndrome. Among the physiological responses to stress,
hypercortisolemia is proportionate to the severity of
[20]
illness . Such response has traditionally been attributed
to activation of the hypothalamic-pituitary-adrenal (HPA)
[21]
axis with increased secretion from the paraventricular
nucleus of the hypothalamus of corticotropin-releasing
hormone which stimulates the production of ACTH by
the anterior pituitary gland, causing a sustained increase
in cortisol secretion. This increased corticotropin-driven
cortisol production originates multiple effects (metabolic,
cardiovascular and immune) aimed at restoring
[17]
homeostasis during stress .
Since the late 90’s a paradoxical dissociation between
cortisol and corticotropin (slightly elevated or even normal
to low levels of corticotropin with permanently high cortisol
[22,23]
levels) has been observed during critical illness
. As a
consequence, explanations for hypercortisolemia other than
increased cortisol production due to HPA axis activation
have been pursued. Proinflammatory cytokines (TNF-α
and IL-6), neuropeptides and cathecolamines correlate
positively with cortisol production and are independent
[24]
of HPA axis . The possibility of an increased sensitivity
to corticotropin was formulated but considered unlikely
because cortisol plasmatic levels were not consistently
[17,25]
elevated after exogenous corticotropin stimulation
.
The reduction of cortisol metabolism during critical illness
emerged as an alternative or additional mechanism with
recent data showing suppression of activity of cortisol
metabolizing enzymes in critical care patients. Boonen
[18]
et al
found evidence of impaired 11β-HSD2 function
and reduction of A-ring reductases activity that may be
mediated by bile acids, known competitive inhibitors
and transcriptional suppressors of cortisol-metabolizing
enzymes.
The possibility that reduced cortisol breakdown is
a main contributor to hypercortisolemia during critical
illness may changes our conceptual understanding of
the stress response. It could mean that low cortisol
metabolism with hypercortisolemia would have induced
a negative feedback on the HPA-axis resulting in lower
corticotropin levels and adrenocortical atrophy. Such
effect implies the downregulation or functional inactivation
of corticotropin receptors on adrenocortical cells, which
would explain the low cortisol response to corticotropin
stimulation. Moreover, reduced cortisol inactivation may
also potentiate cortisol activity within the vital tissues
[18]
that express inactivating enzymes , what suggests that
corticosteroids stress doses in critically ill patients are
at least three times too high. These facts imply that the
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According to observational data, approximately one third
of 2009 H1N1 pandemia cases reported were treated
[26]
with corticosteroids
both as a primary therapy or as
[27,28]
a rescue therapy for patients with severe ARDS
.
Despite this, a standard steroid and dose regimen are
not well established and its efficacy and safety are not
entirely clear.
In general, therapy with steroids in severe infections
has shown to be beneficial in a pair of clinical situations:
[29]
bacterial meningitis in immunocompetent hosts
and
[30]
Pneumocystis jiroveci pneumonia in HIV patients .
In other conditions, like severe CAP and ARDS (due
to pneumonia or not), no positive impact on mortality
has been shown, still being an unresolved matter that
[4]
deserves further investigation .
A common pulmonary presentation of patients affected
by pandemic (H1N1) influenza A infection is rapidly
progressive pneumonia with bilateral alveolar infiltrates
on chest radiography and ARDS, that might be linked to
[31]
an abnormal immune response . The role of steroids
as adjunctive therapy in influenza is very attractive
theoretical approach to try to modulate hypercytokinemia
[4]
associated with the most severe presentation . However,
a balance must occur between this phenomenon and the
possibility of prolonged viral replication, resulting in more
[32]
direct cytopathic effect on the infected lungs .
The main observational studies on corticosteroid
treatment in influenza infected patients are listed in Table
[33]
1. All but one evaluate steroids use in H1N1 infections.
[34]
Xi et al
retrospectively evaluated data from 155
adults with confirmed H1N1 infection in China, one-third
(33.5%) were treated with steroids. In a multivariate
analysis, the use of steroids was associated with a trend
towards increased hospital mortality (OR = 3.6; 95%CI:
0.98-13.6; P = 0.052). Nevertheless, patients using
steroids were often more severely ill.
[31]
Martin-Loeches et al , in an international registry of
the European Society of Intensive Care Medicine included
220 patients with suspected or confirmed H1N1, 77.7%
on mechanical ventilation and 57.3% with steroid use at
ICU admission. A higher incidence of hospital-acquired
pneumonia was noted in patients receiving early steroid
therapy. These patients also had a higher ICU mortality,
but after adjusting for disease severity and other
confounding variables, this effect was no longer present.
[35]
Kim et al in a retrospective analysis of the data
from 28 hospitals in South Korea identified 245 critically
ill patients with H1N1 infection, 136 of them met criteria
for ARDS. The crude 90-d mortality for the 107 (43.6%)
patients who received steroids was higher than in the
patients who did not received steroids, which was
confirmed by propensity adjusted analysis. Patients on
steroids also had longer duration of mechanical ventilation
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Table 1 Main observational studies evaluating steroid use in influenza infection
Ref.

Study design

Bourdreault et Retrospective cohort
al[33]
Brun-Buisson
et al[36]

Retrospective cohort

Confalonieri
et al[44]

Case report

Cornejo et al[40]

Case report

Diaz et al[37]

Multicenter,
prospective cohort

Han et al[45]

Multicenter,
retrospective cohort

Kim et al[35]

Multicenter,
retrospective cohort
and case-control
study

Luyt et al[46]

MartinLoeches et al[31]

Quispe-Laime
et al[47]

Population

Steroid regimen

Outcomes

143 hematopoietic cell transplant
patients with seasonal influenza

Prednisone < 1 mg/kg per day
Steroid use not associated with lower
(low dose) or prednisone > 1 respiratory disease, hypoxemia, need for MV
mg/kg per day (high dose)
or death
208 patients with ARDS due to
Hydrocortisone 270 mg/d
Steroid was associated with mortality in
H1N1 pneumonia, 83 receiving
(median) for 11 d (median) crude analysis (33% vs 18%, HR = 2.4; 95%CI:
steroids
1.3-4.3; P = 0.004) and after propensity scoreadjusted analysis (HR = 2.82; 95%CI: 1.5-5.4;
P = 0.002)
Early therapy (≤ 3 d of MV) associated with
increased mortality
Steroid associated with bacterial pneumonia
and prolonged MV
One patient with ARDS due to
Methylprednisolone 1 mg/kg
Clinical improvement
H1N1 infection, not responding to
per day
antiviral therapy
Two patients with H1N1 that
Methylprednisolone 500 mg/d
Clinical improvement
developed organizing pneumonia
for 3 d
372 patients with primary H1H1
Not reported
Corticosteroid therapy was not significantly
pandemic pneumonia, 136
associated with mortality (HR = 1.06; 95%CI:
receiving steroids
0.626-1.801; P = 0.825) after a regression
analysis adjusted for severity and potential
confounding factors
83 patients with H1N1 pneumonia
Median dose of
Early steroid treatment (< 72 h) was
with hospitalar admission, 17 with
methylprednisolone
associated with development of critical
early glucocorticoid treatment
equivalent of 50 mg/d (use for disease compared with who received late (>
fever reduction) to 61 mg/d 72 h) or no steroid treatment: 71% vs 39% (HR
(use for pneumonia)
= 1.8; 95%CI: 1.2-2.8), after adjustment for
confounding variables
245 patients with H1N1 infection, Median dose of prednisolone 90-d mortality rate higher in steroids group
107 with steroid treatment
equivalent of 75 mg/d
(OR = 2.2; 95%CI: 1.03-4.71), after propensity
score

Multicenter,
prospective cohort
study
Multicenter,
prospective cohort
study

37 survivors of ARDS due to H1N1
infection, 20 with steroid treatment

Case series

13 patients with suspected H1N1
pneumonia and ALI-ARDS
diagnosis

220 patients with H1N1 infection,
126 with steroid treatment at ICU
admission

Not reported

Higher mortality both in cohort (58% vs 27%;
P < 0.001) and case-control study (54% vs
31%; P = 0.004)
Steroid group more likely to have secondary
bacterial pneumonia, invasive fungal
infection and prolonged intensive care unit
stay
No relationship between steroid use and
muscle weakness at 1-yr post-ICU discharge

Minimal equivalent dose of 24 Early use of steroids was not significantly
mg/d (methylprednisolone) associated with mortality by Cox regression
or 30 mg/d (prednisone)
analysis adjusted for severity and
confounding factors: HR = 1.3; 95%CI: 0.7-2.4;
P = 0.4
Early steroid use associated with an
increased rate of HAP (OR = 2.2; 95%CI:
1.0-4.8; P < 0.05) by Cox regression analysis
Similar results observed when only patiens
with ARDS were analyzed
Patients who received early steroid therapy
were sicker than who did not receive them
according to SAPS 3 (55.9 ± 16.8 vs 49.0 ±
14.5; P = 0.001)
Methylprednisolone 1 mg/kg
Twelve patients improved lung function,
per day (severe ARDS) or
were extubated and discharged alive from
hydrocortisone 300 mg/d.
the ICU
Duration of 21.2 ± 6.1 d
By day 7 of treatment patients experienced a
significant improvement in lung injury and
multiple organ dysfunction scores (P < 0.001)

ALI: Acute lung injury; ARDS: Acute distress respiratory syndrome; HAP: Hospital-acquired pneumonia; HR: Hazard ratio; ICU: Intensive care unit; MV:
Mechanical ventilation; OR: Odds ratio; SAPS: Simplified acute physiology score.
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and ICU stay, and more bacterial pneumonia or invasive
fungal infections.
[36]
Brun-Buisson et al evaluated 208 patients with
severe H1N1 infections and ARDS in a multicenter
study in France. Steroids were administered to 39.9%
and, after use of several analytical techniques to adjust
for differences in steroid-treated vs non-steroid-treated
patients to compare clinical outcomes, the association
between steroid therapy and death remained significant,
a fact that was more pronounced in patients receiving
early steroid therapy.
[37]
Diaz et al , in a multicenter cohort composed by
372-patients with primary viral pneumonia due to H1N1,
with 136 patients (36.6%) received corticosteroids, did
not found any association between steroid therapy and
mortality.
[3]
A systematic review and meta-analysis composed
by nine cohort studies (n = 1405) and 14 case-control
studies (n = 4700) showed an increased mortality with
corticosteroid treatment in influenza H1N1 infection
(cohort studies RR = 1.85; 95%CI: 1.46-2.33; P < 0.00001;
case-control studies OR = 4.22; 95%CI: 3.10-5.76; P <
0.00001). Subgroup and sensitive analysis were consistent
with each other, suggesting that steroid treatment
is associated with higher mortality. Nonetheless,
corticosteroid tends to be used in the sickest casepatients.
None of these studies provided data on mechanical
ventilation parameters. Lung protective ventilation is the
[38]
standard of care for ARDS patients , and lack of data
regarding this issue implies a dose of uncertainty about
a major factor in determining which determines clinical
[39]
outcomes . The timing and dose of corticosteroid
therapy were also not controlled in the study, and
no specific drug regimen has been suggested in this
context. Actually, several administration regimens,
dosage and therapy duration are described in different
studies, resulting in high heterogeneous strategies,
adding complexity to systematic analysis. Observational
- in particular retrospective - studies are potentially
susceptible to bias, due to a lack of control of confounder
variables, heterogeneity due to clinical diversity, and
the fact that severe patients are more likely to receive
corticosteroids than mild cases. Currently a conclusive
trial on corticosteroids in severe H1N1 infection would be
difficult or even not possible to perform. As a result it is
reasonable to conclude from the available evidence that
corticosteroids failed to demonstrate any clinical impact
in severe influenza infection and, in addition, the data
points to potential harm.
Case reports suggested beneficial use in specific
[40]
contexts, such as organizing pneumonia , post-viral
[41]
inflammatory pneumonitis and H1N1 pneumonia in a
[42]
pregnant woman .

mechanical ventilation to be randomized to receive
adjuvant treatment of corticosteroid either with sirolimus
or without sirolimus for 14 d. In the sirolimus group,
there was a shorter time spent on mechanical ventilation
(7 d vs 15 d; P = 0.03), greater PaO2-FiO2 values on
days 3 and 7 compared to the non-sirolimus group and
improved SOFA score on day 3 and day 7. Sirolimus,
as a mTOR inhibitor, could potentiate corticosteroid
effect by limiting inflammatory cytokine production.
The corticosteroid effect per se was not addressed in
this small open-label randomized controlled trial as
every patient enrolled received corticosteroids. As a
consequence, no harmful or beneficial effect of steroids
in H1N1 pneumonia can be inferred.

Critical analysis

Heterogeneity of published data regarding study design,
population demographics, severity of illness, dosing, type
and timing of corticosteroids administered constitute
an important limitation for drawing robust conclusions.
However, it is reasonable to admit that, as it was
not found any advantage of corticosteroid therapy in
so diverse conditions, such beneficial effects do not
exist at all. Recent insights on a decrease in cortisol
breakdown during critical illness questions the classic
concept of adrenal failure with low cortisol production
and constitutes a molecular argument against the use
of corticosteroids as standard of care for patients with
critical illness: The increased cortisol circulating levels and
tissue activity make an additional synthetic corticosteroid
dose either redundant or excessive and not devoid of
deleterious effects.
Finally, it is reasonable to conclude that corticosteroids
failed to demonstrate any beneficial effects in the
treatment of patients with severe influenza infection. Its
administration is likely to increase overall mortality and
such trend is consistent regardless of the quality as well
as the sample size of studies. Moreover it was shown that
corticosteroids might be associated with higher incidence
of hospital-acquired pneumonia and longer duration of
mechanical ventilation and ICU stay. Thus its current use
in Severe Influenza pneumonia should be restricted to
selected cases and in the setting of clinical trials.
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