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Abstract

Seasonal influenza requires appropriate management to protect public health and resources. Decreasing
the burden of influenza will depend primarily on increasing vaccination rates as well as prompt initiation
of antiviral therapy within 48 hours of symptom onset, especially in the context of the current coronavirus
disease 2019 pandemic. A careful approach is required to prevent health services from being overwhelmed
by a surge in demand that could exceed capacity. This review highlights the societal burden of influenza
and discusses the prevention, diagnosis, and treatment of influenza as a complicating addition to the
challenges of the coronavirus disease 2019 pandemic. The importance of vaccination for seasonal influ-
enza and the role of antiviral therapy in the treatment and prophylaxis of seasonal influenza, including the
most up-to-date recommendations from the Centers for Disease Control and Prevention for influenza
management, will also be reviewed.
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W ith the emergence of the corona-
virus disease 2019 (COVID-19)
pandemic, the medical commu-

nity needs to prepare for the management of
seasonal influenza and consider the coexis-
tence of COVID-19. The complexities of pre-
vention, diagnosis, management, and
capacity across medical services have the po-
tential to be exacerbated by the arrival of influ-
enza season. Primary care clinicians have a
critical role in the frontline management of
both infections, to protect public health and
prevent health services from being
overwhelmed.
DISEASE OVERVIEW
Influenza is an acute respiratory infection with
variable degrees of systemic symptoms that
can include fever, cough, sore throat, runny
or stuffy nose, muscle or body aches, head-
aches, fatigue, vomiting, and diarrhea.1,2

Although influenza can present with wide-
ranging symptomology, an additional 4% to
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28% of influenza-infected patients are esti-
mated to be asymptomatic.3

Of the 4 types of influenza viruses, types A
and B are responsible for causing yearly epi-
demics of respiratory disease and, occasion-
ally, pandemics.1,4,5 Influenza is transmitted
mainly via respiratory droplets but may also
be transmitted by direct contact with an
infected person or indirect contact via
surfaces.1,6
INFLUENZA BURDEN OF DISEASE
Influenza leads to substantial direct and indi-
rect health care burdens, which vary depend-
ing on the health status of the infected
individual and the treatment setting. Most in-
dividuals with uncomplicated influenza have
mild, self-limiting illness and recover in less
than 2 weeks.1,4 However, for some patients,
particularly those in high-risk groups, influ-
enza can lead to more serious complications,
including sinusitis, pneumonia, myocarditis,
encephalitis, myositis, rhabdomyolysis,
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ARTICLE HIGHLIGHTS

d Seasonal influenza coupled with coronavirus disease 2019
(COVID-19) represents a dual challenge to the medical com-
munity, specifically to frontline health care professionals.

d In addition to vaccination, appropriate influenza disease man-
agement and prompt antiviral therapy, ideally within 48 hours of
symptom onset, will be imperative in decreasing the burden of
influenza, especially in the context of COVID-19.

d The US Centers for Disease Control and Prevention has
updated its recommendations on antiviral treatment and rec-
ommends antiviral treatment as early as possible (within �48
hours) for priority patients: any patient with confirmed or
suspected influenza who is hospitalized or has severe, compli-
cated, or progressive illness or is at higher risk for influenza
complications.

d This article describes key information on influenza disease
management in the context of the COVID-19 pandemic, as well
as current antiviral drugs approved for the treatment and
postexposure prophylaxis of influenza, including baloxavir
marboxil, the first US Food and Drug Administrationeapproved
single-dose selective inhibitor of influenza cap-dependent
endonuclease.

INFLUENZA MANAGEMENT DURING COVID-19
respiratory and kidney failure, and sepsis,2

which can lead to hospitalization and some-
times death. Influenza can also exacerbate un-
derlying chronic health conditions, with
serious consequences. High-risk groups
include individuals aged 65 years and older;
people with diabetes, asthma, heart disease,
stroke, HIV, or cancer; children with neuro-
logic conditions; and women who are preg-
nant.4,7 Other groups including non-
Hispanic Black persons, Hispanic or Latino
persons, American Indians and Alaska Natives,
children aged less than 5 years, people who
live in long-term care facilities, and post-
partum women are also considered to be at
high risk.1,8

Chronic health problems that can be exac-
erbated by influenza infection include, but are
not limited to, emphysema, chronic bron-
chitis, asthma, ischemic heart disease, and
congestive heart failure.6 People with preexist-
ing medical conditions, including conditions
that compromise airway clearance, asthma,
chronic pulmonary, kidney, or heart disease,
immunosuppression, long-term aspirin ther-
apy in patients younger than 19 years of age,
metabolic disorders, obesity, sickle cell anemia
and other hemoglobinopathies, among others,
are at increased risk of influenza-related
complications.1,8

Recent Centers for Disease Control and
Prevention (CDC) estimates of the annual
burden of influenza are 9 to 45 million cases
and 12,000 to 61,000 deaths annually since
2010.9 Influenza-associated hospitalizations
are highest in adults aged 65 years and older,
and 90% of influenza-related deaths occur
among those aged 65 years and older.10,11

Influenza continues to be associated with
substantial economic costs, despite the avail-
ability of influenza vaccination. The most up-
to-date economic analyses estimate that the
average total economic burden of influenza
to the US health care system is $3 billion
annually, potentially increasing up to $11
billion annually to society when indirect costs,
such as lost productivity, are included.12

Although total direct costs are disproportion-
ately carried by those older than 65 years of
age, primarily due to hospitalization, the
impact of indirect costs, resulting from lost in-
come in working-age adults (18 to 49 years)
due to influenza-related mortality, should
Mayo Clin Proc Inn Qual Out n XXX 2021;5(6):974-991 n https://do
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not be discounted. The majority of indirect
costs were driven by lost income in working-
age adults, which included 20.1 million days
of lost productivity for a total of $8 billion
in indirect costs.12-14
INFLUENZA AND COVID-19
Influenza and severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) are conta-
gious pathogens that cause respiratory illness;
these 2 viruses will coexist during influenza
season and have several overlapping clinical
features but require different approaches to
management.15 Symptoms common to both
COVID-19, caused by SARS-CoV-2, and influ-
enza include fever, cough, shortness of breath/
difficulty breathing, fatigue, sore throat, runny
or stuffy nose, muscle or body aches, head-
aches, and vomiting and diarrhea.15,16

Patients with influenza do not typically
experience anosmia or dysgeusia, which are
sometimes symptoms of COVID-19; these
symptoms may take longer to develop than
i.org/10.1016/j.mayocpiqo.2021.07.005 975
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influenza symptoms (2 to 14 days compared
with 1 to 4 days, respectively).15 Moving for-
ward, clinicians will have to consider influenza
virus infection, SARS-CoV-2 infection, and co-
infection when making clinical decisions.
Diagnostic testing can help to distinguish
influenza from SARS-CoV-2 infection and sub-
sequently inform clinical management. Accu-
rate diagnosis is of particular importance for
patients with suspected influenza who are be-
ing admitted to an emergency department or
to determine the cause of a respiratory illness
outbreak within a closed setting. However,
the CDC indicates that clinicians should not
wait for the results of influenza and/or SARS-
CoV-2 testing to initiate empirical antiviral
treatment for influenza in priority groups (ie,
hospitalized patients, patients with severe,
complicated, or progressive illness, or those
at higher risk for influenza complications).17

In addition, during periods of cocirculation
of influenza and SARS-CoV-2 within the com-
munity, clinicians may consider, based on
clinical judgement, early initiation of empirical
antiviral treatment of nonehigh-risk outpa-
tients with suspected influenza, which may
include those assessed and evaluated via tele-
medicine.17 The risk of exceeding the capacity
of health care facilities has been a serious
concern during the COVID-19 pandemic and
will continue to be an issue in the coming
months. Most recent estimates from the CDC
for the 2019-2020 influenza season report
18 to 26 million medical visits, 410,000 to
740,000 hospitalizations, and 24,000 to
62,000 deaths due to influenza.18 Therefore,
early diagnosis, effective prevention, and man-
agement of influenza and influenza-related
complications will be crucial to decrease hos-
pital bed usage.19 Although diagnostic testing
of respiratory infections across the United
States was higher than normal during the
2019-2020 influenza season because of the
COVID-19 pandemic, the coexistence of influ-
enza and COVID-19 has led to difficulties in
accurately attaining estimates for influenza vs
influenzalike illnesses in the beginning of the
COVID-19 pandemic. Following widespread
adoption of community mitigation measures
to reduce the transmission of COVID-19, the
Southern Hemisphere has experienced low
influenza activity in 2020.20 In the United
States, influenza activity in 2021 continues to
Mayo Clin Proc Inn Qual Out n XXX 2021
be unpredictable, given the varying levels of
influenza vaccination patterns and adherence
to COVID-19 control measures currently be-
ing observed across the country, which may
vary geographically over time.

PREVENTION
Many of the same mitigation strategies are
effective for the prevention of both influenza
and COVID-19, including promotion of
health habits to prevent viral transmission
such as social distancing, staying at home
when sick, hand hygiene, and sneeze and
cough etiquette. Surgical masks and facial
coverings, when used correctly, may also
reduce the transmission of influenza and
coronavirus in respiratory droplet, and in
aerosols in the case of coronarvirus.21 Health
care professionals have an important role to
play in educating their patients on social
distancing, mask use, hand hygiene, and
cough etiquette. The CDC recommends a
combination of infection prevention control
strategies that includes covering the nose
and mouth when coughing or sneezing,
handwashing with nonantibacterial soap
and water, and using universal source control
such as appropriate use of masks or face cov-
erings.22 Patients should be educated to wear
a mask or face covering over their nose and
mouth and perform hand hygiene before
and after touching it.23,24 Because the pri-
mary route of influenza transmission is via
respiratory droplets, mask wearing may be
particularly useful during the upcoming
influenza season in public places or where
close contact with other persons is expected.
This step may be of particular benefit for
immunocompromised individuals.

Ensuring the uptake of the seasonal influ-
enza vaccine among eligible individuals will be
of utmost importance during the period in
which influenza and COVID-19 are expected
to cocirculate. Given the novelty of the current
COVID-19 pandemic coupled with the uncer-
tainty of continued public health mitigation
measures, it is very important to plan for sea-
sonal influenza. Influenza is the most frequent
cause of death from a vaccine-preventable dis-
ease in the United States, with highest infec-
tion rates from seasonal influenza observed
among children. However, the risks for com-
plications, hospitalizations, and deaths are
;5(6):974-991 n https://doi.org/10.1016/j.mayocpiqo.2021.07.005
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higher among adults aged 65 years and older,
children younger than 5 years of age, pregnant
women, and people of any age who have med-
ical conditions that place them at increased
risk for complications from influenza.25 There-
fore, influenza vaccination for individuals 6
months of age and older remains the best
method for influenza prevention, and it is
particularly important this influenza season.13

These recommendations note that vaccination
coverage will be especially important for those
at increased risk for severe illness and/or com-
plications from influenza and for influenza-
related outpatient/inpatient or emergency
department visits.

Influenza vaccination has been estimated
to prevent between 1.6 and 6.7 million ill-
nesses, 790,000 to 3.1 million outpatient
medical visits, 39,000 to 87,000 hospitaliza-
tions, and 3000 to 10,000 deaths from respira-
tory and circulatory complications related to
influenza each season.26 Influenza vaccination
is the first line of defense against influenza and
is of vital importance, particularly in the cur-
rent environment. However, there are limita-
tions to its effectiveness. The seasonal
influenza vaccine is designed to protect against
the 3 or 4 influenza viruses that research indi-
cates are most likely to spread and cause illness
during the upcoming influenza season.27

Therefore, the effectiveness of the influenza
vaccine varies annually.

Coverage and use of the influenza vaccina-
tion at the population level is difficult to
manage. During the 2019-2020 influenza sea-
son, the CDC estimated vaccination coverage
(�1 dose of influenza vaccine) to be 63.8%
among children (aged 6 months to 17 years)
and 48.4% in adults older than 18 years or
older, which is below national objectives.28

This coverage varies greatly between states,
from 51.9% to 78.3% in children and 41.4%
to 56.8% in adults.28 Across the states, lower
vaccine coverage in children corresponded to
lower vaccination rates among adults.
Increasing influenza vaccination coverage in
children is especially important because they
have been identified as the main spreaders of
influenza infection.29,30 Influenza vaccines
are not 100% effective, and antiviral treatment
may be needed for the management of acute
influenza infection.
Mayo Clin Proc Inn Qual Out n XXX 2021;5(6):974-991 n https://do
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It is important to note that there is no
change in the CDC’s recommendation on
timing of vaccination this influenza season.
Vaccination in July or August was deemed to
be too early, particularly for older people,
because of the likelihood of reduced protec-
tion against infection later in the influenza sea-
son. Instead, September and October were
deemed to be more optimal for vaccination.
However, the CDC recommends that as long
as influenza viruses are circulating, vaccination
should continue, even in January or later.31

For travelers, eg, those visiting areas of year-
round endemic influenza, the CDC recom-
mends vaccination at least 2 weeks before
travel.32
DIAGNOSIS AND TESTING
Both influenza and COVID-19 can result in se-
vere illness and complications, particularly in
high-risk individuals; therefore, rapid diag-
nosis is important to facilitate timely initiation
of treatment and allow for appropriate isola-
tion.15 Given the overlap in symptoms be-
tween influenza and COVID-19, diagnostic
testing may be necessary to better inform treat-
ment decisions.

In the United States, a number of rapid
influenza diagnostic tests (RIDTs) are
commercially available for the detection of
influenza A and B. The acronym RIDT is syn-
onymous with a test that detects an influenza
antigen. Historically, these tests have had
lower sensitivity than molecular-based tests.33

However, in 2017, the US Food and Drug
Administration (FDA) reclassified RIDTs
from class I to class II devices and now re-
quires specific minimum criteria for sensitivity
and specificity.34 The RIDTs typically require a
nasopharyngeal swab or aspirate and include
the 3M Rapid Detection Flu AþB Test, Quick-
Vue Influenza Test (Quidel Corporation), TRU
FLU (Meridian Bioscience Inc), and XPECT
Flu A&B (Remel Products), among others.35

Rapid testing at the point of care is important
for early diagnosis and treatment; however,
most tests are limited for use in health care set-
tings. Therefore, a number of at-home influ-
enza tests are currently in development for
consumer use. Theraflu Home Flu Test (Glax-
oSmithKline plc), a novel rapid test based on
i.org/10.1016/j.mayocpiqo.2021.07.005 977
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TABLE 1. FDA-Cleared M

Manufacturer (use)

BioFire Diagnostics
(commercially available)

QIAGEN (commercially
available)

CDC (public health use
only, not
commercially available)

Roche Diagnostics41

Roche Diagnostics42

CDC, Centers for Disease Co
respiratory syndrome coronavir
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nasopharyngeal swabs, was found to have
good sensitivity and specificity (>86%) for
both influenza A and B viruses based on a pro-
spective study of 1012 participants with influ-
enzalike illness conducted at 25 US sites.36

The flu@home test (University of Washington
School of Medicine) is another nasal swab test
that detects influenza A and B; the test kit in-
cludes components from the Clinical Labora-
tory Improvement Amendments (CLIA)e
waived Quidel QuickVue Influenza rapid diag-
nostic test.37 The benefits of at-home testing
are reduction of the potential for infecting
others through in-clinic visits and potential
for incorporation of the test results into tele-
health appointments and timely antiviral
prescription.

Rapid molecular influenza virus testing in
the primary/outpatient settings can aid health
care professionals in establishing a diagnosis
without off-site laboratory analysis.38 These
relatively new rapid molecular assays detect
influenza virus nucleic acids in upper respira-
tory tract specimens with higher sensitivity
(90% to 95%) and specificity than their
RIDT counterparts.33 The rapid molecular
test provides laboratory-quality results, with
the advantage that results may be available in
approximately 15 to 30 minutes.39 Although
ultiplex Assays for Detection of Influenza and Other Respira

Product Platform/instrument

BioFire Respiratory Panel
2.1 (RP2.1)

FilmArray 2.0 and
FilmArray Torch syste

QIAstat-Dx Respiratory
SARS-CoV-2 Panel

QIAstat Dx Analyzer 1.
system

Influenza SARS-CoV-2 (Flu
SC2) Multiplex Assay

Applied Biosystems 750
Fast Dx Real-Time PC
Instrument

cobas SARS-CoV-2 &
Influenza A/B

cobas 6800/8800 System
real-time PCR
instrument

cobas SARS-CoV-2 &
Influenza A/B

cobas Liat System real-ti
PCR instrument

ntrol and Prevention; FDA, United States Food and Drug Administratio
us 2.
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molecular point-of-care diagnostic testing is
preferred to aid health care professionals
with appropriate patient management, there
is still a high volume of RIDTs being utilized.
Thus, the CDC currently recommends that
antiviral treatments should not be withheld
from priority patients with suspected influ-
enza.34 This recommendation is due in part
to the low sensitivity of RIDTs (point-of-care
antigen test) and the need to give antivirals
within 48 hours of the onset of clinical
symptoms.

There are several FDA-cleared multiplex
nucleic acid amplification tests for influenza
viruses.40 Furthermore, under Emergency
Use Authorization, the FDA has approved
several tests that simultaneously detect influ-
enza viruses and SARS-CoV-2 (Table 1).43 It
should be noted that empirical antiviral treat-
ment should be initiated as soon as possible
without waiting for laboratory confirmation
of influenza virus infection for priority patients
when influenza is known to be circulating in
the community (Figure 1; Supplemental
Appendix, available online at http://
mcpiqojournal.org).17 Testing in tandem for
these pathogens may be needed in some cir-
cumstances for appropriate patient
management.
tory Viruses (October 2020)

Viruses detected

ComplexityInfluenza

Other
respiratory
viruses

ms
A and B SARS-CoV-2

Parainfluenza
virus 1-4

High
Moderate

0 A and B SARS-CoV-2
Parainfluenza
virus 1-4

High
Moderate

0
R

A and B SARS-CoV-2 High

s A and B SARS-CoV-2 High

me A and B SARS-CoV-2 High

n; PCR, polymerase chain reaction; SARS-CoV-2, severe acute

;5(6):974-991 n https://doi.org/10.1016/j.mayocpiqo.2021.07.005
www.mcpiqojournal.org

http://mcpiqojournal.org
http://mcpiqojournal.org
https://doi.org/10.1016/j.mayocpiqo.2021.07.005
http://www.mcpiqojournal.org


Influenza testing probably not
indicated; consider other etiologies

Influenza clinically diagnosed;
start empirical antiviral
treatment if the patient

is in a high-risk group for
influenza complications6,7 or

has progressive disease,
advise close follow-up

if worseningTest for influenza; start empirical antiviral treatment for hospitalized patients while results are pending
(molecular assays should be used for influenza testing of hospitalized patients). 3-7

Proper interpretation of testing results is important

Is the patient being admitted to the hospital?

Does the patient have signs and symptoms suggestive of influenza,
including atypical clinical presentation, or findings suggestive of

complications associated with influenza?1,2

Will influenza testing results
influence clinical management?

Yes

Yes Yes

No

No

No

FIGURE 1. Algorithm for influenza testing during a community outbreak of influenza (Supplemental Appendix). Data from the
Centers for Disease Control and Prevention17 (freely available at https://www.cdc.gov/flu/professionals/antivirals/summary-clinicians.
htm#Treatment). The use of this algorithm adaptation does not imply endorsement of this review article by the Centers for Dis-
ease Control and Prevention.

INFLUENZA MANAGEMENT DURING COVID-19
TREATMENT LANDSCAPE
A brief overview of the influenza virus life cy-
cle is necessary to understand the mechanism
of action of currently available antiviral agents.
Influenza belongs to the orthomyxovirus
group of RNA viruses. Three major proteins
coexist on the surface of the influenza virus:
the transmembrane glycoprotein hemaggluti-
nin, which mediates attachment of the virus
to the respiratory epithelial cells via specific re-
ceptors; neuraminidase, which enzymatically
cleaves sialic acid in the host respiratory
epithelial cells prior to the release of new vi-
rions; and the matrix (M2) protein in influenza
A, which forms a protein ion channel facili-
tating viral entry into the host cell and release
of proteins responsible for viral replica-
tion.44,45 After viral uncoating within the cell
and replication via RNA polymerase, new viral
RNA and viral proteins synthesized by the
host cell assemble at the cell surface into
new virions. After budding, virions are de-
tached from the host cell by viral neuramini-
dase.44,45 Cross-resistance between different
antiviral classes is not expected because they
target different viral proteins (Figure 2A).
M2 Inhibitors
Amantadine and rimantadine are antivirals
that target the M2 ion channel of influenza A
viruses and therefore are not active against
influenza B viruses.46 Amantadine was
approved by the US FDA in 1966 as
Mayo Clin Proc Inn Qual Out n XXX 2021;5(6):974-991 n https://do
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prophylaxis against Asian influenza; its deriva-
tive rimantadine was approved in 1993
(Figure 2B). These antivirals are no longer rec-
ommended because circulating influenza A vi-
ruses have developed widespread resistance to
these drugs.
Neuraminidase Inhibitors
The emergence of antiviral resistance is a ma-
jor challenge in the development of new anti-
viral drugs.46,47 Neuraminidase inhibitors,
which target the enzymatic activity of the viral
neuraminidase protein of influenza A and
influenza B viruses, include oseltamivir, zana-
mivir (both approved by the US FDA in
1999), and peramivir (approved in 2014) as
the recommended standard of care
(Figure 2B).46 Neuraminidase inhibitors have
been found to be effective for the treatment
of influenza in clinical trials and in the real-
world setting (Table 2).59-61 Neuraminidase
inhibitors reduce the time to symptom allevia-
tion54,56,57 and resolution52 and reduce the
time to cessation of viral shedding.53 This class
of agents is also generally well tolerated, with
mild to moderate gastrointestinal adverse
events most frequently reported vs
placebo.52,54,57
Endonuclease Inhibitor
Baloxavir marboxil is the first selective inhibi-
tor of influenza cap-dependent endonuclease,
receiving FDA approval in 2018 (Figure 2B)
i.org/10.1016/j.mayocpiqo.2021.07.005 979
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FIGURE 2. A, Schematic of the influenza life cycle and mechanism of action of influenza antiviral agents. B, Timeline of United States
Food and Drug Administration approval of influenza antiviral agents. NAI, neuraminidase inhibitor; PA, polymerase acidic.
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and has been found to have efficacy at least
similar to the current standard of care against
influenza A and influenza B infections. A sin-
gle oral dose of baloxavir is effective against
neuraminidase-resistant influenza strains.46

Baloxavir had superior efficacy to placebo in
the phase 3 CAPSTONE trials and comparable
efficacy to oseltamivir in the phase 3
CAPSTONE48,49 and miniSTONE-2 trials in
otherwise healthy children and adults,
including high-risk populations.50 The FLAG-
STONE trial in severely ill, hospitalized pa-
tients with influenza found that baloxavir
plus standard-of-care neuraminidase inhibitor
was not associated with a significant improve-
ment of clinical outcomes vs neuraminidase
inhibitor alone.62 Additional studies of balox-
avir are under way as part of a phase 3 devel-
opment program, including an ongoing study
evaluating its safety and efficacy in healthy
children younger than 1 year of age
(ClinicalTrials.gov Identifier: NCT03653364)
and a study to assess the potential to reduce
transmission of influenza from an infected pa-
tient to healthy individuals (ClinicalTrials.gov
Identifier: NCT03969212).

In otherwise healthy adults and adoles-
cents (older than 12 years of age) with uncom-
plicated influenza, single-dose baloxavir was
superior to placebo in alleviating symptoms
(median, 53.7 hours [95% CI, 49.5 to 58.5
Mayo Clin Proc Inn Qual Out n XXX 2021
hours] vs 80.2 hours [95% CI, 72.6 to 87.1
hours]; P<.001) and superior to oseltamivir
and placebo in reducing viral load and time
to cessation of viral shedding (significant re-
ductions observed by day 2 of treatment) in
the double-blind, controlled, phase 3
CAPSTONE-1 trial.48 Adverse events were re-
ported in 20.7%, 24.8%, and 24.6% of pa-
tients taking baloxavir, oseltamivir, and
placebo, respectively. Adverse events that
were considered to be related to the trial
regimen were more common in oseltamivir re-
cipients (8.4%) compared with baloxavir
(4.4%; P¼.009) or placebo recipients (3.9%).
Two serious adverse events reported in balox-
avir recipients (incarcerated inguinal hernia
and aseptic meningitis) were considered to
be unrelated to baloxavir.

Single-dose baloxavir was superior to pla-
cebo (difference in median time to improve-
ment of symptoms of 29.1 hours [95% CI,
14.6 to 42.8 hours]; P<.0001) and similar to
oseltamivir (difference in median time to
improvement of symptoms of 7.7 hours
[95% CI, �7.9 to 22.7 hours]) in ameliorating
influenza symptoms in high-risk adult and
adolescent outpatients diagnosed with influen-
zalike illness in the double-blind, randomized,
controlled, phase 3 CAPSTONE-2 trial.49 Of
note, as early as day 1 after treatment initia-
tion, baloxavir was associated with a
;5(6):974-991 n https://doi.org/10.1016/j.mayocpiqo.2021.07.005
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significantly faster decline in infectious virus
titer compared with oseltamivir and placebo.
In addition, baloxavir was associated with
significantly fewer influenza-related complica-
tions than placebo and numerically fewer
than oseltamivir.49 Adverse events were re-
ported in 25% of baloxavir recipients
compared with 30% of placebo and 28% of
oseltamivir recipients, with the most
frequently identified adverse events being
bronchitis, sinusitis, diarrhea, and nausea.
Adverse events leading to withdrawal of the
study drug were pneumonia (baloxavir, n¼2;
oseltamivir, n¼1), vomiting (baloxavir, n¼2),
and bronchitis (placebo, n¼2). Serious
adverse events were reported in all treatment
groups: baloxavir (n¼5), placebo (n¼9), and
oseltamivir (n¼8). Of these adverse events, 1
case of hypertension and 1 case of nausea in
the placebo group and 2 cases of elevations
in transaminase levels in the oseltamivir group
were considered to be treatment related.

In otherwise healthy children with influ-
enza aged 1 to younger than 12 years,
single-dose baloxavir had similar safety (pri-
mary end point; adverse events reported in
46.1% and 53.4% of patients, respectively)
and efficacy to oseltamivir in alleviating symp-
toms of influenza, with a median time to alle-
viation of symptoms of 138.1 hours (95% CI,
116.6 to 163.2 hours) and 150.0 hours (95%
CI, 115.0 to 165.7 hours), respectively, in the
randomized, double-blind, phase 3
miniSTONE-2 trial.50 The overall incidence
of adverse events was similar between baloxa-
vir (46.1%) and oseltamivir (53.4%). The inci-
dence of treatment-related adverse events was
low in both groups, 2.6% vs 8.6% for baloxa-
vir compared with oseltamivir, respectively.
The most common adverse events in both
groups were gastrointestinal disorders (vomit-
ing or diarrhea), experienced by 10.4% and
17.2% of patients, respectively. No deaths,
serious adverse events, or hospitalizations
were reported during the study.
Resistance to Antiviral Agents
All antiviral drugs exert a selective pressure on
a virus, which can result in the emergence of
new viruses resistant to the antiviral. Such
treatment-emergent resistance is, therefore, a
natural and expected consequence of antiviral
Mayo Clin Proc Inn Qual Out n XXX 2021;5(6):974-991 n https://do
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treatment and is known for all antiviral
classes.63

Influenza viruses change over time, and
factors such as virus type or subtype, emer-
gence of resistance, or changes in viral viru-
lence could diminish the clinical benefit of
antiviral drugs.64 Influenza viruses can have
reduced susceptibility to one or more influ-
enza antiviral agents. Reduced susceptibility
to antivirals, which may be an indication of
potential antiviral treatment-emergent resis-
tance, occurs when an influenza virus changes
the antiviral binding at the active site.

Consequently, some antiviral agents may
not be as effective in the treatment of viruses
with reduced susceptibility.65 High levels of
resistance continue to be observed with aman-
tadine and rimantadine (>99%) among circu-
lating influenza A/H3N2 and A/H1N1pdm09
viruses. Therefore, these drugs are no longer
recommended against currently circulating
influenza A viruses.

To date, the majority of data regarding
treatment-emergent resistance to neuramini-
dase inhibitors has been obtained with oselta-
mivir because it has been available for decades
and is the most widely used neuraminidase in-
hibitor. Resistance to oseltamivir first emerged
during the 2007-2008 influenza season.46,47

In the subsequent influenza seasons, oseltami-
vir resistance rates have varied and are higher
for the H1 virus subtype. Resistance rates have
been reported in 1% to 6% of adults and ado-
lescents and in 2% to 37% of children.66,67

However, it is important to note that these
are rates of treatment-emergent resistance, ie,
resistance arising in the virus of an infected in-
dividual under drug selection pressure, and do
not give an indication of whether these vari-
ants will be sufficiently fit to transmit and
spread in the population. Indeed, rates of
circulating (or “acquired”) resistance tend to
be much lower (discussed subsequently).

Influenza viruses with reduced in vitro
susceptibility to baloxavir due to virus muta-
tions and amino acid substitutions in viral
proteins sometimes emerge. The most com-
mon viral treatmenteemergent substitutions
during baloxavir treatment are in position 38
of polymerase acid protein.68 Reduced suscep-
tibility to baloxavir attributed to PA/I38X
substituted virus has been reported in clinical
trials in up to 9.7% of adolescents and
i.org/10.1016/j.mayocpiqo.2021.07.005 981
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TABLE 2. Clinical Efficacy of Antivirals Currently Recommended by the Centers for Disease Control and Prevention for the Treatment of Influenzaa

Reference, year Clinical setting
Trial

description
No.

of patients Treatment Primary end point Primary outcomes

Polymerase acidic
endonuclease
inhibitor
Baloxavir

Hayden et al,48

2018
Uncomplicated influenza in
healthy adults and
adolescents

Phase 2 R,
DB, PC

400 Baloxavir (single dose of
10, 20, or 40 mg) or
placebo

Time to alleviation of
symptoms

Median time to alleviation of symptoms was
shorter in each of the baloxavir dose groups
(54.2 h in the 10-mg group, 51.0 h in the 20-
mg group, 49.5 h in the 40-mg group) than in
the placebo group (77.7 h) (P¼.009, P¼.02,
and P¼.005, respectively)

CAPSTONE-1,48

2018
Uncomplicated influenza in
healthy adults and
adolescents

Phase 3 R,
DB, PC, ACC

1436 Baloxavir (single dose of 40
mg for patients weighing
<80 kg or 80 mg for
those �80 kg) or
oseltamivir (75 mg bid)
or placebo

Time to alleviation of
symptoms

Median time to alleviation of symptoms was
shorter in the baloxavir group than in the
placebo group in the ITT infected population
(53.7 h vs 80.2 h; P<.001) and ITT population
(65.4 h vs 88.6 h; P<.001) and similar to the
oseltamivir group

Ison et al
(CAPSTONE-
2),49 2020

Uncomplicated influenza in
high-risk adolescent and
adult outpatients

Phase 3 R,
DB, PC, ACC

2184 Baloxavir (single dose of 40
mg for patients weighing
<80 kg or 80 mg for
those �80 kg) or
oseltamivir (75 mg bid)
or placebo

Time to improvement of
influenza symptoms

Time to improvement of symptoms was shorter
in the baloxavir group than in the placebo
group (73.2 h vs 102.3 h; P<.0001); this
difference was significant in patients with
influenza A, influenza B, asthma, or chronic
lung disease. Time to improvement of
symptoms was similar between baloxavir and
oseltamivir in patients with influenza A but
shorter in patients with influenza B (P¼.025)

Baker et al
(miniSTONE-
2),50 2020

Acute influenza in children
(1-12 y)

Phase 3 R,
DB, ACC

176 Baloxavir (single dose
based on weight; 2 mg/
kg for those weighing
<20 kg and a single
dose of 40 mg for those
weighing �20 kg) or
oseltamivir (30 mg for
patients weighing �15
kg, 45 mg for >15 to
�23 kg, 60 mg for >23
to �40 kg, and 75 mg
for >40 kg, bid)

Incidence, severity, and
timing of AEs

The overall incidence of AEs was similar
between the baloxavir group (46.1%) and the
oseltamivir group (53.4%). The incidence of
AEs related to study drug was low in both the
baloxavir (2.6%) and oseltamivir (8.6%)
groups

Continued on next page
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TABLE 2. Continued

Reference, year Clinical setting
Trial

description
No.

of patients Treatment Primary end point Primary outcomes

Polymerase acidic endonuclease inhibitor, continued

Ikematsu et al,51

2020
Prophylaxis against

influenza in healthy
household contacts

R, DB, PC 752 Single, weight-based oral
dose of baloxavir or
matching placebo.

�12 y at screening: weight
<80 kg, 40 mg; �80 kg,
80 mg

<12 y at screening: weight
<10 kg, 1 mg/kg; 10 to
<20 kg, 10 mg; 20 to
<40 kg, 20 mg; �40 kg,
40 mg

Laboratory-confirmed
clinical influenza

Laboratory-confirmed clinical influenza was
reduced in the baloxavir group compared
with the placebo group (1.9% vs 13.6%,
respectively; P<.001)

Neuraminidase
inhibitors

Oseltamivir
phosphate
Treanor et al,52

2000
Acute influenza in

nonimmunized,
previously healthy adults

R, DB, PC 629 Oseltamivir (75 mg or 150
mg bid) or placebo

Time to resolution of
illness

Both dose levels of oseltamivir (71.5 h, P<.001
[75 mg]; 69.9 h, P<.006 [150 mg]) resulted in
reductions in the duration of illness vs placebo
(103.3 h)

Hayden et al,53

1999
Healthy adult volunteers

susceptible to viral
influenza challenge

R, DB, PC 117 Prophylaxis study:
oseltamivir (100 mg bid
or 100 mg qd) or
placebo

Treatment study:
oseltamivir (20, 100, or
200 mg bid or 200 mg
qd) or placebo

Frequency of viral shedding
and infection

No oseltamivir recipients had recovery of
challenge virus from nasal washings (100%
efficacy vs 50% in the placebo group; P<.001).
Median time to cessation of viral shedding was
reduced from 107 h in the placebo group to
58 h in the combined oseltamivir group
(P¼.003)

Peramivir
Kohno et al,54

2010
Previously healthy adults

with ILI within the
previous 48 h

R, DB, PC 300 Intravenous peramivir (300
mg or 600 mg) or
placebo

Time from start of
treatment to recovery

Peramivir significantly reduced time to alleviation
of symptoms (median 59.1 h, P<.0019 [300
mg]; 59.9 h, P<.009 [600 mg]) vs placebo
(median 81.8 h)

De Jong et al,55

2014
Patients hospitalized with

suspected influenza
Phase 3 R,

DB, PC
405 Intravenous peramivir (10

mg/kg qd, up to 600 mg/
d maximum) or placebo,
added to institution’s
SOC

Time to clinical resolution Time to clinical resolution did not differ between
peramivir-treated or SOC-only patients (42.5
vs 49.5 h)

Zanamivir

Continued on next page
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TABLE 2. Continued

Reference, year Clinical setting
Trial

description
No.

of patients Treatment Primary end point Primary outcomes

Neuraminidase inhibitors, continued
Monto et al,56

1999
Adults with ILIb Phase 2/3

(pooled data)
R, DB, PC

1133 Phase 2 studies: zanamivir
(10 mg inhaled qid) vs
placebo

Phase 3 studies: zanamivir
(10 mg inhaled bid) vs
placebob

Time to alleviation of
major influenza
symptoms

Median time to alleviation of influenza symptoms
was reduced from 6 d in the placebo group to
5 d in the zanamivir group (P<.001)

Hedrick et al,57

2000
Children between the ages

of 5 and 12 y with ILI
R, DB, PC 471 Zanamivir (10 mg bid) or

placebo
Time to alleviation of

clinically significant
symptoms of influenza

Zanamivir significantly shortened median time to
alleviation of symptoms vs placebo by 24%
(4.0 vs 5.25 d; P<.001)

LaForce et al,58

2007
Community-dwelling, high-

risk adults and
adolescents

R, DB, PC 3363 Zanamivir (10 mg qd) or
placebo

Proportion of randomized
patients in whom
symptomatic influenza A
or B developed during
prophylaxis

4/1678 (0.2%) Zanamivir-treated individuals
had development of symptomatic culture/
serologyeconfirmed influenza vs 23/1685
(1.4%) placebo recipients (P<.001), with an
83% protective efficacy

aACC, active comparator controlled; AE, adverse event; bid, twice daily; DB, double-blind; ILI, influenzalike illness; PC, placebo-controlled; qd, once daily; qid, 4 times daily; R, randomized; SOC, standard of care; ITT, intention-to-
treat.
bSee individual studies for full treatment information.
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INFLUENZA MANAGEMENT DURING COVID-19
adults48,69 and 23.4% of children.50,70 There
has been no indication that treatment-
emergent baloxavir-resistant viruses meaning-
fully alter the normal clinical course of influ-
enza infection, and it is important to reiterate
that, similar to the case for oseltamivir, these
treatment-emergent rates do not reflect rates
of circulating resistance. However, additional
studies are needed to understand the clinical
impact of these treatment-emergent viral
substitutions.

Direct comparisons between oseltamivir
and baloxavir treatment-emergent resistance
rates should not be made because of the differ-
ences in study design, study populations, and
methodologies for viral detection. In addition,
it is important to distinguish treatment-
emergent resistance rates from rates of circu-
lating resistant, which refers to a virus that is
already resistant at the point of infection. Anti-
viral resistance and reduced susceptibility to
the neuraminidase inhibitors and to baloxavir
among circulating influenza viruses is
currently very low (<1% and <0.1%, respec-
tively, according to the most recent World
Health Organization reports),71-73 and the
CDC and the World Health Organization
will continue to monitor the occurrence of
resistance.74 In summary, the benefits of anti-
viral treatment far outweigh concerns of po-
tential resistance, which in the vast majority
of cases does not have a significant clinical
impact.63

TREATMENT RECOMMENDATIONS
As of January 25, 2021, the CDC recommends
antiviral treatment as soon as possible (�48
hours) for any patient with confirmed or sus-
pected influenza who is hospitalized, has se-
vere, complicated, or progressive illness, or is
at higher risk for influenza complications,
including young children, adults 65 years of
age and older, and people with comorbidities,
eg, asthma, diabetes, and heart disease.17 Deci-
sions regarding initiation of antiviral treatment
should not be delayed for laboratory confirma-
tion of influenza in priority patients. The CDC
has also produced a guide for considering
influenza testing and treatment when influ-
enza viruses are circulating in the community
regardless of influenza vaccination history
(Figure 1 and Supplemental Appendix). This
algorithm may be especially valuable for
Mayo Clin Proc Inn Qual Out n XXX 2021;5(6):974-991 n https://do
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primary care professionals managing influenza
during the current COVID-19 pandemic. In
addition, the CDC notes that antivirals can
be considered as a treatment option for un-
complicated influenza infection in patients
who are otherwise healthy, if treatment can
be initiated within 48 hours.17

For outpatients with suspected or
confirmed uncomplicated influenza, oral osel-
tamivir, inhaled zanamivir, intravenous pera-
mivir, or single oral baloxavir may be used
for treatment, depending on approved age
groups and contraindications (Table 3).17,78

For hospitalized patients with suspected or
confirmed influenza, the most recent CDC rec-
ommendations advocate the initiation of anti-
viral treatment with oral or enterally
administered oseltamivir as soon as possible.17

For outpatients with complications or progres-
sive disease and suspected or confirmed influ-
enza (eg, pneumonia or exacerbation of
underlying chronic medical conditions), initia-
tion of antiviral treatment with oral oseltamivir
is recommended as soon as possible.17

ANTIVIRALS: IMPACT ON TRANSMISSION
AND PROPHYLAXIS
Household contacts is one of the highest-risk
groups for exposure given their proximity.
Once a household member is infected with
influenza, the risk of onward transmission
within the household has been estimated to
be 38%.7,79 Transmission of influenza within
households suggests that children play a sig-
nificant role in the transmission of influenza
within families, with 40% to 48% of secondary
cases exposed to a child with influenza attrib-
utable to transmission from the child.29 Me-
dian lag time between influenza onset in the
index patient and symptom onset in the sec-
ondary patient was 2 days (range, 1 to 5
days).29 Household transmission studies also
suggest that the rate of transmission from an
infectious household to the wider community
is 20% and 13% of unvaccinated and vacci-
nated individuals, respectively.80 Prompt
treatment of infected index patients with anti-
virals could potentially be a strategy for
reducing influenza transmission to household
contacts, as discussed by Hayden et al.81

Another strategy is postexposure prophylaxis
in individuals who come into contact with a
patient with influenza within the household
i.org/10.1016/j.mayocpiqo.2021.07.005 985
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TABLE 3. Antivirals Recommended by the Centers for Disease Control and Prevention for the Treatment and Prophylaxis of Influenza A and B

Antiviral

Treatment Prophylaxis

LimitationsIndication/usage Dose Indication/usage Dose

Polymerase acidic
endonuclease
inhibitor
Baloxavir75 d �12 y (uncomplicated

influenza; symptomatic
for �2 d)

d Otherwise healthy
d High risk for influenza

complications

Tablets:
d Less than 80 kg: one 40-mg

tablet
d At least 80 kg: one 80- mg

tablet
Oral suspension:
d Less than 80 kg: 40 mg/20

mL (1 bottle) taken as a
single dose

d At least 80 kg: 80 mg/40 mL
(2 bottles) taken as a single
dose

d Postexposure prophy-
laxis of influenza in pa-
tients �12 y following
contact with an individ-
ual who has influenza

Tablets:
d Less than 80 kg: one 40-mg

tablet
d At least 80 kg: one 80-mg

tablet
Oral suspension:
d Less than 80 kg: 40 mg/20

mL (1 bottle) taken as a
single dose

d At least 80 kg: 80 mg/40 mL
(2 bottles) taken as a single
dose

d Consider available infor-
mation on drug suscep-
tibility patterns for
circulating influenza virus
strains when deciding
whether to use

Neuraminidase
inhibitors

Oseltamivir66 d �2 y (uncomplicated
influenza; symptomatic
for �2 d)

d Adults and adolescents
(�13 y): 75 mg twice daily
orally for 5 d

d Pediatric patients (1-12 y):
based on weight twice daily
for 5 d

d Pediatric patients (2 wk to
<1 y): 3 mg/kg twice daily
for 5 d

d �1 y d Adults and adolescents
(>13 y): 75 mg once daily
for �10 d

d Community outbreak: 75
mg once daily for �6 wk

d Pediatric patients (1-12 y):
based on weight once daily
for 10 d

d Community outbreak: based
on weight once daily for �6
wk

d Efficacy not established
in patients who begin
therapy after 48 h of
symptoms

Peramivir76 d �2 y d Adults and adolescents
(�13 y): 600 mg IV (�2
d of symptom onset)

d Pediatric patients (2-12 y):
12 mg/kg IV

(�2 d of symptom onset; up
to 600 mg)

d Not recommended d Limited data in
influenza B

d Efficacy could not be
established in serious
influenza requiring
hospitalization

Continued on next page
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setting, which may be particularly important
in individuals at high risk for complications.

Prophylaxis has the potential to prevent an
estimated 20% to 40% of secondary cases of
household influenza caused by exposure to a
household member with influenza.29 Further-
more, if less than 48 hours has elapsed since
symptom onset in children with influenza,
then prophylaxis of contacts can be initiated
with an efficacy rate of up to 89% in prevent-
ing further spread of the disease.

Antivirals can be used for prophylaxis, but
they should not be considered a substitute for
primary prevention of influenza infection via
vaccination. However, they can be used pro-
phylactically, either preexposure or postexpo-
sure, per the approved label. The prophylactic
use of antivirals can particularly benefit individ-
uals at high risk for complications who have
been exposed to influenza within 2 weeks of
vaccination, high-risk individuals who are
immunocompromised or cannot be vaccinated
because of contraindications, or as part of a
strategy to control institutional outbreaks.17

The neuraminidase inhibitors oseltamivir
and zanamivir have been reported to be effec-
tive for preexposure and postexposure pro-
phylaxis, providing up to 89% (95% CI,
67% to 97%; P<.001) protection from influ-
enza infection among individuals.82 Zanamivir
is indicated for the prophylaxis of influenza in
patients 5 years of age and older77 and oselta-
mivir in patients 1 year of age and older.66

Baloxavir has also shown efficacy as post-
exposure prophylaxis for influenza in house-
hold contacts of patients with influenza. In a
double-blind, randomized, controlled trial,
postexposure single-dose baloxavir treatment
was significantly more effective than placebo
in preventing influenza infection among
household contacts of patients with influenza
(influenza developed in 1.9% vs 13.6% of con-
tacts, respectively; adjusted risk ratio, 0.14
[95% CI, 0.06 to 0.30]; P<.001).51

The benefit of early intervention is not
trivial. A recent study that modeled the impact
of transmission from clinical trial data on
reduction of viral load and duration of illness
of infected individuals concluded that approx-
imately 22 million infections and more than
6000 deaths would have been averted in the
2017-2018 influenza season by administering
baloxavir to 30% of infected individuals
i.org/10.1016/j.mayocpiqo.2021.07.005 987
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988
within 48 hours after symptom onset.83 More-
over, if treatment were initiated within 24
hours, the impact would have increased by
approximately 2-fold.84

SUMMARY AND CONCLUSIONS
Currently, the CDC is maximizing influenza
vaccination efforts during the 2021-2022
influenza season, given the likely coexistence
of influenza and COVID-19. This effort in-
cludes purchasing an additional 2 million
doses of pediatric and 9.3 million doses of
adult influenza vaccine, emphasizing the
importance of preparing for the influenza sea-
son, and targeting community outreach to
groups at high risk for influenza. These groups
are often at high risk for COVID-19.31 The
known variability in the effectiveness of influ-
enza vaccination at both the individual and
population level underscores the need for
effective antivirals for the management of
influenza. In addition, as of January 25,
2021, the CDC has updated its recommenda-
tions on antiviral treatment and recommends
empirical antiviral treatment as early as
possible for any patient who is hospitalized,
has severe, complicated, or progressive
illness;, or is at higher risk for influenza com-
plications during periods of community cocir-
culation of influenza and SARS-CoV-2.17

Treatment with antivirals will be impera-
tive in decreasing the burden of influenza,
especially in the context of COVID-
19.12,26,85,86 In outpatients, choice of antiviral
treatment should take into consideration pa-
tient age, health status, and risk factors or
comorbidities, along with patient adherence.
The role of patient adherence in successful
antiviral treatment for influenza should not
be underestimated; route of administration,
specifically oral in preference to inhalation, ap-
pears to drive patient adherence to a certain
degree.87 For this reason, oral treatment may
be preferable to inhalation during the influ-
enza season. A single-dose treatment option
makes “directly observed therapy” possible
for the entire treatment course. Baloxavir has
similar efficacy against both influenza A and
influenza B infections, provides full effect after
a single oral dose, and is effective against key
neuraminidase-resistant influenza strains.46

Households represent a critical setting for
transmission of influenza, given the close
Mayo Clin Proc Inn Qual Out n XXX 2021
proximity to infected patients shedding infec-
tious virus.79 Prophylactic use of antivirals
has a positive impact on the prevention of
influenza infection in healthy household con-
tacts of influenza-infected patients. Both osel-
tamivir and zanamivir are FDA-approved for
prophylaxis against influenza within the
household setting and for community out-
breaks. Baloxavir is effective for postexposure
prophylaxis, and baloxavir treatment has
been found to be more effective than placebo
for postexposure prophylaxis of influenza in
patients following contact with a person who
has influenza.51 In late November 2020,
baloxavir marboxil was approved by the FDA
for postexposure prophylaxis in patients 12
years of age and older.75 Preclinical data
have shown that baloxavir reduced infectious
viral shedding in the upper respiratory tract
compared with placebo and reduced the fre-
quency of transmission among sentinels,
even when treatment was delayed until 2
days following infection.88 Additional clinical
trials are currently being conducted to assess
the efficacy of baloxavir in reducing onward
transmission of influenza A or B in households
(ClinicalTrials.gov Identifier: NCT03969212).
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