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Abstract

Annual seasonal influenza epidemics of variable severity result in significant morbidity and mortality in the United
States (U.S.) and worldwide. In temperate climate countries, including the U.S,, influenza activity peaks during the
winter months. Annual influenza vaccination is recommended for all persons in the U.S. aged 6 months and older,
and among those at increased risk for influenza-related complications in other parts of the world (e.g. young
children, elderly). Observational studies have reported effectiveness of influenza vaccination to reduce the risks of
severe disease requiring hospitalization, intensive care unit admission, and death. A diagnosis of influenza should be
considered in critically ill patients admitted with complications such as exacerbation of underlying chronic
comorbidities, community-acquired pneumonia, and respiratory failure during influenza season. Molecular tests are
recommended for influenza testing of respiratory specimens in hospitalized patients. Antigen detection assays are
not recommended in critically ill patients because of lower sensitivity; negative results of these tests should not be
used to make clinical decisions, and respiratory specimens should be tested for influenza by molecular assays.
Because critically ill patients with lower respiratory tract disease may have cleared influenza virus in the upper
respiratory tract, but have prolonged influenza viral replication in the lower respiratory tract, an endotracheal
aspirate (preferentially) or bronchoalveolar lavage fluid specimen (if collected for other diagnostic purposes) should
be tested by molecular assay for detection of influenza viruses.

Observational studies have reported that antiviral treatment of critically ill adult influenza patients with a
neuraminidase inhibitor is associated with survival benefit. Since earlier initiation of antiviral treatment is associated
with the greatest clinical benefit, standard-dose oseltamivir (75 mg twice daily in adults) for enteric administration is
recommended as soon as possible as it is well absorbed in critically ill patients. Based upon observational data that
suggest harms, adjunctive corticosteroid treatment is currently not recommended for children or adults hospitalized
with influenza, including critically ill patients, unless clinically indicated for another reason, such as treatment of
asthma or COPD exacerbation, or septic shock. A number of pharmaceutical agents are in development for
treatment of severe influenza.
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Background

Annual seasonal influenza epidemics of variable severity
result in significant morbidity and mortality in the
United States (U.S.) and worldwide [1-3]. In temperate
climate countries, including the U.S., influenza activity
peaks during the winter months whereas in tropical re-
gions influenza activity may be more variable [4—6].
Most persons with symptomatic influenza virus infection
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have self-limited uncomplicated upper respiratory tract
illness. One study estimated that during 2010-2016, ap-
proximately 8.3% of the U.S. population experienced
symptomatic influenza each year [7]. However, compli-
cations may result in severe illness, including fatal out-
comes. During 2010-2018, an estimated 4.3-23 million
medical visits, 140,000-960,000 hospitalizations, and 12,
000-79,000 deaths were associated with influenza each
year in the U.S. [8]. Another study estimated that 18,
000-96,000 influenza-related intensive care unit (ICU)
admissions occur annually in the U.S. [9]. There are an
estimated 291,000-646,000 respiratory deaths attributed
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to seasonal influenza each year worldwide [2]. Here, we
review strategies for prevention, diagnosis, and treat-
ment of influenza virus infections in the ICU (Table 1).

Risk factors

Influenza vaccination is the primary method for prevent-
ing influenza and reducing the risk of severe outcomes.
In the U.S,, the Advisory Committee on Immunization
Practices (ACIP) recommends annual influenza vaccin-
ation for all persons aged 6 months and older and priori-
tizes those at higher risk for influenza complications
[10]. High-risk groups include adults aged > 65 years [11,
12], children aged <5 years (particularly those aged <2
years) [13, 14], pregnant women (up to 2 weeks post-
partum) [15-18], persons with certain chronic medical
conditions, Native Americans/Alaska Natives,' and resi-
dents of nursing homes and other long-term care facil-
ities (Table 2). Studies have specifically highlighted that
those with chronic pulmonary, cardiovascular, renal,
hepatic, neurologic, hematologic or metabolic disorders,
immunocompromised persons, children and adolescents
receiving aspirin- or salicylate-containing medications
and who might be at risk for experiencing Reye syn-
drome with influenza virus infection, and those who are
extremely obese (BMI >40) are at increased risk for
influenza-related complications [10, 19-23].

Many studies evaluated risk factors for severe influenza
during the 2009 HIN1 influenza pandemic. Adult ICU pa-
tients with influenza A(HIN1)pdmO9 virus infection were
primarily non-elderly, were obese [24—28], and had higher
odds of death, invasive mechanical ventilation, acute re-
spiratory distress syndrome (ARDS), septic shock, and
multi-lobar pneumonia when compared with seasonal

Table 1 Key points: care of patients with severe influenza

Key Points

- There are an estimated 291,000-646,000 seasonal influenza-associated
respiratory deaths every year worldwide.

« Annual influenza vaccination is the primary method of preventing
influenza and influenza-related complications, especially in high-risk
persons.

- Influenza molecular diagnostic testing is recommended for all patients
requiring hospitalization with suspected influenza.

- Influenza antiviral treatment should be started as soon as possible in
hospitalized patients with suspected influenza, including critically ill
patients, and should not be delayed while awaiting results of influenza
diagnostic tests.

« Enterically administered oseltamivir is recommended for influenza
patients except for those with contraindications (e.g., gastric stasis,
ileus, malabsorption).

- Repeat virologic testing in lower respiratory tract specimens may be
required to determine therapeutic endpoints in ventilated patients
with influenza

- Corticosteroids are not recommended for the routine treatment of
influenza except when indicated for treatment of underlying medical
conditions (e.g., COPD or asthma exacerbation) or septic shock.
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Table 2 Groups at high risk for influenza complications*

Risk factors for severe influenza outcomes

- Age < 5years, especially those < 2 years
- Age > 65 years

« Pregnant women

- Extreme obesity (BMI > 40 kg/m?)

- Native Americans/Alaskan Natives (may also apply to indigenous
people from other countries)

- Current or past tobacco use

« Children and adolescents receiving aspirin or salicylate-containing
medications who might be at risk for Reye syndrome

+ Underlying chronic medical conditions:
o Pulmonary
o Cardiovascular
o Renal
o Hepatic
o Neurologic
o Hematologic
o Metabolic

o Immunocompromised state

*From the U.S. Centers for Disease Control and Prevention Advisory
Committee on Immunization Practices

influenza patients [24, 29]. In children, independent risk
factors for influenza A(H1N1)pdmO09-related mortality in-
cluded chronic neurologic condition or immune com-
promise, acute myocarditis or encephalitis, and early
presumed MRSA co-infection of the lung [30]. Female
gender was also identified as a risk factor; however, there
was no gender difference in overall mortality. Bacterial co-
infection was identified in approximately one third of fatal
influenza A(HIN1)pdmO09 cases in the largest autopsy
case series [31]. Bacterial co-infections in the inter-
pandemic period are also common in critically ill influ-
enza patients [32]. One study identified past or current to-
bacco use as a risk factor associated with ICU admission
[33]. A recent multicenter cohort study reported that
mortality was higher in immunosuppressed patients with
influenza A(HIN1)pdmO09 than in immunocompetent pa-
tients [34]. Severity of influenza seasons varies from year-
to-year based on the predominant influenza viruses, and
between seasonal and pandemic influenza [35, 36]. One
study reported that patients with influenza A(HIN1)
pdmO09 had higher odds of severe disease than patients
with either influenza A(H3N2) or influenza B virus infec-
tions [37]. However, influenza B virus infection has been
shown to increase the odds of in-hospital mortality in chil-
dren compared with influenza A virus infection [38].

Prevention and vaccination
Influenza vaccination is recommended each fall for all
persons aged > 6 months in the U.S. and should continue
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as long as influenza viruses are circulating in the com-
munity. Previously unvaccinated children aged 6 months
through 8 years require two doses 1 month apart. Since
influenza vaccine effectiveness (VE) to prevent medically
attended illness varies from vyear-to-year by vaccine
strain, age, prior immunity, and immune function, some
vaccinated individuals can become symptomatic with in-
fluenza virus infection. However, several studies have re-
ported influenza vaccine effectiveness in reducing illness
severity, including reducing severe illness in persons
aged > 65 years [39], and reducing in-hospital mortality
and ICU admissions for those aged 18—49 years and >
65 years compared to unvaccinated individuals [40]. One
study reported that duration of ICU hospitalization was
reduced a half-day in patients aged 50—64 years who had
received influenza vaccination compared with unvaccin-
ated patients [41]. A study across all age groups in Spain
reported influenza VE of 58% in reducing the risk of se-
vere influenza requiring hospitalization [42]. A Southern
Hemisphere study reported influenza VE of 82% in redu-
cing influenza-associated ICU admissions among adults
[43] while a study in Spain showed an adjusted influenza
VE of 23% in preventing ICU admission and death [44].
Despite the benefits of influenza vaccination, there
continues to be low vaccine coverage among adults ad-
mitted to the ICU who often have a high prevalence of
high-risk comorbidities [45, 46]. In children, low influ-
enza vaccination coverage has also been reported among
those admitted to pediatric ICUs, even among those
with underlying high-risk conditions [47]. Full influenza
vaccination was shown to result in a 74% reduction in
pediatric ICU admissions compared to unvaccinated or
partially vaccinated influenza patients [47]. Furthermore,
one study showed that influenza VE was 65% in reducing
the risk of mortality in children aged 6 months to 17
years in the U.S. [48]. These data further emphasize the
benefits of influenza vaccination in reducing severe in-
fluenza complications, especially in high-risk persons.

Diagnosis

Persons with uncomplicated influenza typically experience
acute onset of respiratory symptoms (cough, rhinorrhea,
congestion), myalgias, and headache with or without fever.
During influenza season, clinicians should also consider in-
fluenza when there is only fever present or in patients who
are afebrile and have respiratory symptoms [49]. Complica-
tions of influenza vary by age, underlying comorbidities or
high-risk conditions such as pregnancy, and immune func-
tion; elderly and immunocompromised persons may not al-
ways manifest fever. Critically ill patients may be admitted
with respiratory or multi-organ failure, exacerbation of an
underlying condition such as chronic lung disease [50, 51],
heart failure [52], or other extrapulmonary complications in-
cluding stroke, encephalopathy, or encephalitis [30, 49, 53].
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Influenza testing is recommended for all patients re-
quiring hospitalization with suspected influenza, includ-
ing those admitted to the ICU during influenza season
with acute respiratory illness and community-acquired
pneumonia, without a clear alternative diagnosis. Fur-
thermore, all individuals requiring critical care outside
of influenza season should be tested for influenza if
there is a possible epidemiological link to an individual
with recent influenza, such as travel to areas with influ-
enza activity or exposure to an institutional influenza
outbreak. Special consideration should be given to eld-
erly and immunocompromised patients, as influenza
virus infection may not present with typical acute re-
spiratory illness signs and symptoms (e.g., absence of
fever). The Infectious Diseases Society of America
(IDSA) 2018 Influenza Clinical Practice Guidelines also
recommend influenza testing for patients at high risk of
complications such as exacerbation of chronic cardiopul-
monary disease [49]. Diagnosis of influenza should be
made as soon as possible in critically ill patients, and initi-
ation of antiviral treatment should not be delayed while
awaiting results of diagnostic tests. Studies have reported
an increase in mortality of ICU patients with influenza
A(HIN1)pdmO9 virus infection when diagnosis was de-
layed [54], and shorter hospital length of stay when anti-
viral treatment was initiated within 6 h of admission [55].

Several kinds of influenza diagnostic tests are available
in clinical settings with variable sensitivities and specific-
ities, including antigen detection assays, and molecular as-
says (nucleic acid detection) using respiratory tract
specimens (Table 3). Within each of these testing categor-
ies, there is a wide range of available tests with varying
diagnostic accuracy, and understanding the limitations of
each diagnostic tool will allow the clinician to properly in-
terpret their results. Most studies of influenza diagnostic
accuracy have been conducted on specimens from pa-
tients with uncomplicated influenza, and few have
assessed the performance of influenza tests in critically ill
patients. The IDSA guidelines recommend molecular in-
fluenza assays for testing respiratory specimens from all
hospitalized patients with suspected influenza because of
their high sensitivity, specificity, and time to results (15
min to several hours) [49]. The use of rapid influenza mo-
lecular diagnostic testing can result in better outcomes for
patients and reduce the amount of resources required to
care for patients in the emergency room [57]. Serology
and viral culture are not recommended for clinical deci-
sion making, because timely results will not be available to
inform clinical management. Serology requires collection
of appropriately paired acute and convalescent sera per-
formed at specialized public health reference laboratories,
and results based upon a single serum specimen are not
interpretable [49]. Although viral culture can confirm the
presence of infectious virus with very high sensitivity and
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Table 3 Influenza diagnostic tests
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Influenza testing Method Time to Sensitivity  Specificity ~ Respiratory specimens*

modality[49, 56] results Swab Wash/fluid Aspirate

Molecular assay (Rapid)**# Nucleic acid 10-15min  Moderate  High NP or nasal N/A N/A
amplification to high

Molecular assay**# Nucleic acid 15-30min  High High NP or throat NP or BAL/mini BAL  Nasal or
amplification endotracheal

Rapid influenza diagnostic Antigen detection  10-15min  Low to High NP, nasal, throat NP or nasal NP or nasal

Test (RIDT) moderate

Immunofluorescence assay Antigen detection  1-4h Moderate  High NP NP Nasal

(direct and indirect)

Rapid cell culture (shell vials;  Virus isolation 1-3 days High High NP or throat NP or BAL/mini BAL ~ Nasal or

cell mixtures) endotracheal

Tissue cell viral culture Virus isolation 3-10days  High High NP or throat NP or BAL/mini BAL ~ Nasal or

(conventional) endotracheal

*FDA-approved clinical specimens vary by specific test; refer to the manufacturer’s package insert for each test's approved specimens

**Recommended for testing hospitalized patients with suspected influenza. Some molecular assays also detect other respiratory pathogens

#Patients with respiratory failure and suspected influenza should have lower respiratory tract specimens collected and tested, including if upper respiratory tract
specimens are negative for influenza because a patient may have cleared influenza virus from the upper respiratory tract and continue to have influenza viral

replication in the lower respiratory tract
NP nasopharyngeal, BAL bronchoalveolar lavage

Serologic testing is not recommended for diagnosis or clinical management of patients with suspected influenza

specificity, it must be performed at public health labora-
tories and requires 3—10 days to yield results.

A recent meta-analysis reported that influenza antigen
detection tests that produce rapid results had very high
specificities (> 98%), but sensitivities were highly variable
compared with RT-PCR [58]. Rapid influenza diagnostic
tests (RIDTs) without an analyzer device had only mod-
erate sensitivity (53—54%), RIDTs that utilize an analyzer
device (digital immunoassays) had moderately high sen-
sitivity (77-80%), and rapid influenza molecular assays
(nucleic acid detection) had high sensitivity (92-95%)
[58]. Low sensitivity of RIDTs for detecting influenza
virus in ICU patients has been reported [59]. Recently, a
systematic analysis of rapid influenza molecular tests
from 29 studies reported pooled sensitivity and specifi-
city of 87.9% and 97.4%, respectively [60]. Therefore,
antigen detection assays, such as rapid influenza diag-
nostic tests and immunofluorescence assays, are not rec-
ommended for hospitalized patients with suspected
influenza because of their lower sensitivities, unless mo-
lecular assays are not available [49]. Negative results for
influenza based on tests with low sensitivity (e.g., RIDTs,
immunofluorescence assays) should not be used to make
clinical decisions. Instead, negative test results should be
followed up with reverse transcription polymerase chain
reaction (RT-PCR) or other influenza molecular assays
to confirm results, and antiviral treatment should con-
tinue until results are available.

Preferred respiratory specimens for influenza testing in
hospitalized patients without lower respiratory tract dis-
ease include nasopharyngeal, mid-turbinate nasal, or com-
bined nasal-throat swabs. Collection of lower respiratory
tract specimens should be considered in hospitalized

patients with suspected influenza if upper respiratory tract
specimens are negative and a positive test would result in
a change of clinical management [61], because viral repli-
cation in the lower respiratory tract may be ongoing and
prolonged after virus is no longer detectable in the upper
respiratory tract [24, 25]. Influenza A(H1IN1)pdmO09 virus
in particular has been shown to have affinity for infecting
the lower respiratory tract [24, 31]. In hospitalized patients
receiving invasive mechanical ventilation in whom influ-
enza is suspected, but not yet diagnosed, influenza testing
should be performed on endotracheal aspirate specimens
instead of those collected from the upper respiratory tract
[61]. Molecular testing, including RT-PCR for influenza
viruses can also be performed on bronchoalveolar lavage
(BAL) fluid if collected for the testing of other pathogens.
Blood, plasma, serum, cerebrospinal fluid, urine, and stool
samples have very low diagnostic yield and are not recom-
mended for influenza testing [49]. Diagnostic test results
on specimens collected from non-respiratory sites should
not be used for clinical decision making even for patients
with extra-pulmonary complications of influenza.

Novel influenza A viruses are typically of animal ori-
gin, differ antigenically and genetically from currently
circulating seasonal influenza A viruses (including
H1N1pdmo09 and H3N2 subtypes) and have infected at
least one person. Novel influenza A viruses can cause a
wide clinical spectrum of illness, ranging from asymp-
tomatic infection, uncomplicated illness, to fulminant
pneumonia, ARDS, and multi-organ failure [62] and hu-
man infection with a novel influenza A virus is of public
health concern. In the U.S., human infection with a
novel influenza A virus is nationally reportable to the
Centers for Disease Control and Prevention; globally,
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under the International Health Regulations, countries
are required to report such human cases to the World
Health Organization. A major concern is the risk of
novel influenza A virus transmission among humans; de-
pending upon the prevalence of pre-existing immunity
in the population, novel influenza A viruses may have
pandemic potential. Patients suspected with novel influ-
enza A virus infection should be investigated for a pos-
sible epidemiological link, i.e., a history of recent
exposure to poultry or pigs or close contact to an indi-
vidual with suspected or confirmed novel influenza A
virus infection. Novel influenza A virus infection cannot
be distinguished from seasonal influenza A virus infec-
tion by clinical findings or testing at clinical laboratories
and therefore requires specific molecular testing of re-
spiratory specimens by RT-PCR at public health laborator-
ies [63]. Cases of suspected novel influenza A virus
infections should be discussed with appropriate local and
or national public health and laboratory staff to coordinate
the testing of appropriate respiratory specimens.

Treatment of influenza

Treatment of severe influenza presents multiple chal-
lenges. The mainstay of therapy for patients with influ-
enza is initiation of antiviral medication as soon as

Table 4 Antiviral treatment
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possible after illness onset [49]. Currently available FDA-
approved antiviral medications include neuraminidase in-
hibitors (NAIs) (e.g., oral oseltamivir, inhaled zanamivir,
and intravenous peramivir); cap-dependent endonuclease
inhibitor (baloxavir marboxil); and adamantanes (e.g.,
amantadine and rimantadine) (Table 4). NAIs and baloxa-
vir have activity against both influenza A and B viruses.
Adamantanes only have activity against influenza A vi-
ruses and are not recommended for treatment of influ-
enza due to widespread resistance among currently
circulating strains of seasonal influenza A viruses. Notably,
FDA-approved antiviral medications for treatment of in-
fluenza are approved for early treatment of uncomplicated
influenza in outpatients based upon randomized
placebo-controlled clinical trials conducted among
previously healthy outpatients. Meta-analyses of ran-
domized placebo-controlled clinical trials of early
oseltamivir treatment of influenza in pediatric and
adult outpatients have reported clinical benefit in re-
ducing duration of illness and risk for some complica-
tions associated with influenza [65, 66].

No completed randomized, placebo-controlled trials of
antiviral treatment have been conducted in hospitalized
influenza patients to establish the efficacy of oseltamivir
or other NAIs. A number of observational studies have

Antiviral agents and age group [64]

Treatment dosing

Oseltamivir
Adults (including pregnancy)
Children (1 year or older) <15 kg
Children > 15-23 kg
Children >23-40kg
Children > 40 kg
Term Infants 0-11 months*
Preterm infants**
Zanamivir
Adults
Children (= 7 years)
Peramivir
Adults
Children (2-12 years)
Children (13-17 years)
Baloxavir marboxil***
Adults and children (12 years or older) 240-80 kg
Adults and children (12 years or older) 280 kg

75 mg twice daily
30 mg twice daily
45mg twice daily
60 mg twice daily
75 mg twice daily
See details in footnote

See details in footnote

10 mg (two 5-mg inhalations), twice daily

10 mg (two 5-mg inhalations), twice daily

600 mg intravenous infusion once, given over 15-30 min
One 12 mg/kg dose, up to 600 mg maximum, intravenous, given over 15-30 min

600 mg intravenous infusion once, given over 15-30 min

Single dose of 40 mg
Single dose of 80 mg

*FDA-approved oral oseltamivir treatment dose for infants 14 days and older and less than 1 year old is 3 mg/kg per dose twice daily. The American Academy of
Pediatrics has recommended an oseltamivir treatment dose of 3.5 mg/kg orally twice daily for infants 9-11 months of age

**Current weight-based dosing recommendations are not appropriate for premature infants. Please refer to American Academy of Pediatrics recommendations
(https://pediatrics.aappublications.org/content/142/4/e20182367) for further information

***Safety and efficacy of baloxavir marboxil in patients less than 12 years old or weighing less than 40 kg have not been established. There are no data on
balosavir treatment of hospitalized patients with influenza, and appropriate dosing frequency is unknown. A phase Ill clinical trial of baloxavir treatment of
hospitalized influenza patients is ongoing: https://clinicaltrials.gov/ct2/show/NCT03684044
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reported clinical benefit of neuraminidase inhibitors in
hospitalized patients, including reduction in duration of
hospitalization and risk of death, including in ICU pa-
tients [67-74]. Additionally, a systematic review of pub-
lished reviews/meta-analyses reported survival benefit of
NAI treatment in hospitalized patients [75], although
another meta-analysis of observational studies did not
[69]. In particular, a large pooled individual patient-level
meta-analysis of observational studies from 38 countries
identified a 38% reduction in risk of mortality in critic-
ally ill adults and those aged > 16 years old when com-
paring early NAI treatment (< 48 h) with later treatment
(>48h), and a 69% reduction in mortality risk between
influenza patients receiving early NAI treatment and
those who did not receive NAIs [72]. The mortality risk
reduction of NAI treatment at any time versus no treat-
ment was 28% for critically ill patients aged > 16 years
old; while a similar reduction in mortality was identified
in critically ill children aged < 16vyears, the result was
not statistically significant [72] and was likely underpow-
ered because death is less common in hospitalized chil-
dren with influenza than in adults.

Although studies have shown the greatest clinical bene-
fit when antivirals are started within 2 days of illness on-
set, some observational studies have shown clinical benefit
of neuraminidase inhibitors when started up to 5 days fol-
lowing symptom onset [15, 55, 76, 77]. The large meta-
analysis mentioned above also identified a significantly re-
duced mortality risk reduction (35%) in critically ill pa-
tients aged > 16 years old who received NAI treatment >
48 h after symptom onset compared with those who did
not [72]. A cohort study of early versus late oseltamivir
treatment reported a significant reduction in mortality
and median duration of ICU hospitalization in severely ill
patients with influenza A(H3N2), but not A(HIN1pdm09)
or B virus infection in Greece [78]. One French study re-
ported delays in initiation of oseltamivir treatment pre-
scribed to hospitalized influenza patients and suggested
empiric administration of oseltamivir treatment in the
emergency department for patients being admitted with
lower respiratory tract disease during influenza season
[79]. Overall, based upon available observational data to
date in hospitalized patients with influenza, including ICU
patients, initiation of neuraminidase inhibitor antiviral
treatment is recommended as soon as possible for hospi-
talized patients with suspected or confirmed influenza.

Data on optimal dosing and duration of therapy with
neuraminidase inhibitors are limited in critically ill influ-
enza patients. Enterically administered oseltamivir is the
preferred treatment for most hospitalized patients, given
the lack of data for intravenous peramivir in this popula-
tion. The use of inhaled zanamivir is not recommended
in in critically ill patients due to the lack of data in hos-
pitalized patients and the risk of bronchospasm in
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patients with underlying lung disease. Studies indicate
that oseltamivir administered orally or via oro/naso-gas-
tric tube is well absorbed in critically ill patients and
reaches plasma levels comparable to those in ambulatory
patients [80]. Similarly, several observational studies in-
dicate that enteric oseltamivir reaches comparable
plasma concentrations to non-critically ill patients in
those receiving extracorporeal membrane oxygenation
(ECMO) and renal replacement therapy [80-87], al-
though dosing should be reduced in patients with sig-
nificant renal impairment. There is scant evidence that
increased NAI dosing (e.g., twice daily dosing) in critic-
ally ill patients provides additional clinical benefit than
standard dosing [80, 88—-92]. Of note, studies also suggest
that increased oseltamivir dosing does not provide add-
itional clinical benefit in obese adults, including extreme
obesity (BMI >40) [93, 94]. Duration of therapy can be
difficult to define, as prolonged influenza viral replication
and shedding from the both upper and lower respiratory
tract can occur in critically ill patients [95, 96]. For this
reason, it may be beneficial to continue antiviral therapy
beyond 5 days, and repeat virologic testing may be benefi-
cial in determining appropriate therapeutic endpoints
[97]. Continuing antiviral treatment in critically ill patients
until virus is not detectable in the lower respiratory tract
may also help reduce the pro-inflammatory dysregulated
cytokine response triggered by influenza virus infection
and reduce nosocomial influenza virus transmission to
healthcare personnel in the ICU. Consultation with a spe-
cialist with training in infectious diseases for the potential
emergence of antiviral resistant virus infection should be
considered for ICU patients with evidence of persistent in-
fluenza viral replication after NAI treatment, particularly
in severely immunocompromised patients [49, 98].

For patients who cannot tolerate or absorb enteric osel-
tamivir due to gastric stasis, malabsorption, or other
gastrointestinal processes, intravenous peramivir may be
an alternative [99, 100]; however, studies have not identi-
fied an advantage for intravenous peramivir in comparison
with enteric oseltamivir [101]. Notably, a randomized trial
conducted in three influenza seasons found similar clinical
outcomes between IV peramivir and enteric oseltamivir in
hospitalized adult influenza patients [102]; a separate trial
did not identify significant additional clinical benefit of
peramivir in combination with standard-of-care therapy
(which often included an NAI) [103]. A more recent, mul-
ticenter randomized controlled trial also found similar
clinical benefit between enteric oseltamivir and intraven-
ous peramivir in hospitalized influenza patients [104].

In 2018, a novel antiviral agent, baloxavir marboxil, was
FDA-approved for early treatment of uncomplicated influ-
enza in outpatients aged > 12 years old. Baloxavir acts via
inhibition of the influenza virus cap-dependent endo-
nuclease, a different mechanism than the neuraminidase
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inhibitors, and can treat NAl-resistant influenza virus in-
fections. Randomized controlled trials of single-dose oral
baloxavir showed similar clinical benefit to 5 days of
twice-daily oral oseltamivir [105]. However, because these
studies were limited to patients with uncomplicated influ-
enza, the role of baloxavir monotherapy or in combination
with an NAI for treatment of hospitalized influenza pa-
tients is unclear. Specifically, optimal dosing, duration of
therapy, and appropriate endpoints have yet to be deter-
mined for baloxavir treatment of hospitalized influenza
patients. In the outpatient RCT, patients treated with
single-dose baloxavir showed significant reduction in in-
fluenza viral levels in the upper respiratory tract at 24 h
compared with those receiving placebo or oral oseltamivir
[105]. However, it is unknown whether this reduction in
influenza viral shedding correlates with reduced transmis-
sibility. A potential concern for the use of baloxavir in crit-
ically ill patients is the rapid development of resistance
observed during the outpatient clinical trials [106]. A trial
to assess the efficacy and safety of baloxavir in combin-
ation with oseltamivir versus oseltamivir monotherapy in
hospitalized influenza patients is currently enrolling par-
ticipants [107].

There are no completed randomized clinical trials of
adjunctive corticosteroid treatment in influenza patients.
A trial of corticosteroid therapy was planned during the
2009 HIN1 pandemic, but was halted due to limited
number of enrolees [108]. One observational study in
China during the 2009 HIN1 pandemic reported that
administration of parenteral glucocorticoids within 72 h
of illness onset tripled the risk of developing critical ill-
ness or death from influenza A(HIN1)pdmO09 virus in-
fection [109]. A re-analysis of prospectively collected
data on 1846 influenza patients admitted with primary
influenza pneumonia to 148 ICUs in Spain during
2009-2014 using propensity scoring matching reported
that corticosteroid use was significantly associated with
ICU mortality [110]. Meta-analyses of observational
studies have concluded that that corticosteroid treat-
ment of hospitalized influenza patients does not result
in better outcomes and may be associated with adverse
outcomes including increased mortality [111-113]. Simi-
larly, a retrospective observational study conducted on
critically ill children during the 2009 HIN1 pandemic
found that high-dose (equivalent to 2 mg/kg per day of
methylprednisolone) corticosteroid treatment was asso-
ciated with mortality in the ICU, although a causative re-
lationship was not determined [30]. A selection of
individual observational studies in critically ill children
and adults have also reported potential association be-
tween corticosteroid treatment and adverse influenza
outcomes [30, 114, 115]. A recent Cochrane review of
available observational studies suggested increased mor-
tality when adjunctive corticosteroid therapy is used for
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influenza patients; however, the available evidence was
of low quality and the authors suggest interpreting these
results with caution [116].

Multiple studies have reported that corticosteroid
treatment is associated with prolonged influenza viral
shedding in hospitalized patients [117-119], including in
sporadic human infections with avian influenza
A(H7N9) virus in China [120], and increased rates of
secondary bacterial and fungal co-infections [121, 122],
which may lead to adverse clinical outcomes. However,
there is some evidence to suggest that the increased risk
attributed to corticosteroid treatment is a result of bias
in observational studies. A large, retrospective study of
critically ill adults in Canada found an increased risk of
mortality in patients receiving corticosteroids; however,
after adjusting for time-dependent differences between
groups, no significant differences in mortality were ob-
served with corticosteroid treatment [123]. Moreover,
potential differences between low-dose and medium-/
high-dose corticosteroid treatment are not well under-
stood. One observational study of hospitalized patients
with viral pneumonia due to avian influenza A(H7N9)
virus infection in China reported that high-dose, but not
low or moderate-dose corticosteroids, was associated
with increased 30-day and 60-day mortality [124]. Cur-
rently, on the basis of available observational data to
date, adjunctive corticosteroid treatment is not recom-
mended for children or adults hospitalized with influ-
enza, including critically ill patients, unless clinically
indicated for another reason, such as treatment of
asthma or COPD exacerbation or septic shock [49]. Fur-
ther studies are required to understand the clinical bene-
fit or harms associated with corticosteroid treatment of
critically ill influenza patients.

Although neuraminidase inhibitors (oseltamivir) are cur-
rently recommended for antiviral treatment of influenza in
hospitalized patients based on observational studies, includ-
ing in critically ill patients, there are a number of novel
strategies and products for treating influenza in various
stages of development. One approach under investigation is
triple-combination antiviral drug (TCAD) therapy, which
combines amantadine, ribavirin, and oseltamivir for treat-
ment of influenza in critically ill and high-risk patients. Un-
fortunately, studies to date have not shown a benefit of
TCAD over oseltamivir monotherapy [125-127]. Several
novel antiviral compounds are in various stages of investi-
gation, including small-molecule polymerase inhibitors
such as pimodivir [128] and favipiravir [129]. A number of
monoclonal and polyclonal antibodies, targeted against a
variety of influenza viral proteins, are also in development
[130-133]. Similarly, convalescent plasma has shown po-
tential benefit in the treatment of severe influenza, and fur-
ther trials are underway [134—136]. Another area of intense
interest is the modification of the host antiviral response to
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influenza virus infection. There are ongoing preclinical and
clinical studies of a variety of other immunomodulatory
agents for treatment of influenza, including celecoxib [137],
statins, etanercept, pioglitazone, azithromycin [138], and in-
terferons [139].

Conclusions

Influenza vaccination can reduce the risk of complica-
tions from influenza, including reducing illness severity
and the risks of hospitalization, ICU admission, and
death. The elderly, young children, pregnant women,
and those with underlying medical conditions are most
at risk for severe complications of influenza. A diagnosis
of influenza should be considered in critically ill patients
admitted with complications such as exacerbation of
underlying chronic comorbidities, community-acquired
pneumonia, and respiratory failure during influenza sea-
son. Influenza molecular assays are recommended for
testing upper respiratory tract specimens in patients
without signs of lower respiratory tract disease. How-
ever, because critically ill patients with lower respiratory
tract disease may have cleared influenza virus in the
upper respiratory tract, but have prolonged influenza
viral replication in the lower respiratory tract, an endo-
tracheal aspirate (preferentially) or bronchoalveolar lav-
age fluid specimen (if collected for other diagnostic
purposes) should be tested by molecular assay. Antiviral
treatment with standard-dose oseltamivir delivered or-
ally or enterally by oro or naso-gastric tube is recom-
mended as soon as possible for patients with suspected
influenza without waiting for testing results. Corticoste-
roids should not be routinely administered for treatment
of influenza and should only be given for other indica-
tions (e.g., exacerbation of asthma or chronic obstructive
pulmonary disease, or septic shock), because of the risk
for prolongation of influenza viral shedding and
ventilator-associated pneumonia in critically ill influenza
patients with respiratory failure. Future directions for
treatment of influenza in critically ill patients include
novel antiviral compounds, combination antiviral treat-
ment with drugs with different mechanisms of action,
immunomodulatory agents, and strategies for multi-
modality, combination antiviral, and host-directed im-
munomodulatory therapies.

Endnotes

"These risk factors are included in the U.S. CDC’s Ad-
visory Committee on Immunization Practices recom-
mendations for influenza vaccination. This may also
apply to indigenous people from other countries, includ-
ing indigenous Australians and First Nations people.
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