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Key
Messages

What Is the Issue?

Zoonotic influenza may result in severe illness and death in
individuals infected by sick animals. These influenza A viruses also
pose a pandemic risk due to their adaptability and humans’ lack of
existing immunity to them.

Antivirals, such as baloxavir marboxil, oseltamivir, peramivir, and
zanamivir, may be used before or after exposure to infected animals to
prevent symptomatic iliness, or after infection to treat zoonotic influenza
in humans. However, the effectiveness and safety of antivirals for
zoonotic influenza is unknown.

What Did We Do?

We conducted a rapid review to identify and summarize evidence on
the clinical efficacy, effectiveness, and safety of antivirals used for the
prevention or treatment of zoonotic influenza.

We searched electronic databases and key online sources for studies
published in English from January 1, 2019, to December 9, 2024 (for
systematic reviews [SRs] and randomized controlled trials [RCTs]) and
to January 8, 2025 (for observational studies). One researcher screened
titles and abstracts of citations and 2 researchers reviewed full-text
articles to identify studies that met the predefined criteria. We narratively
summarized the study findings.

What Did We Find?

We identified 2 SRs on the efficacy and safety of antivirals for zoonotic
influenza. One SR focused on preventing infection after exposure and
the other SR focused on treating zoonotic influenza. Neither review

identified relevant RCTs examining individuals with zoonotic influenza.

We did not identify any primary studies relevant to our review.

What Does It Mean?

There is a lack of evidence on the efficacy, effectiveness, and
safety of various antivirals for the prevention and treatment of zoonotic
influenza; therefore, we were not able to draw any conclusions.
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Introduction and Rationale

Introduction and Rationale

Main Take-Aways

Zoonotic influenza viruses, which are found in infected animals, pose a pandemic risk because of their
virulence (i.e., the danger and speed at which they can spread), their adaptability, and humans’ lack of
existing immunity to them. While preventive strategies, such as biosecurity measures, surveillance, and
the use of personal protective equipment to limit transmission between species, are crucial for pandemic
preparedness, it is also essential to have access to safe and effective antivirals for both the prevention
and treatment of zoonotic influenza.

The comparative efficacy, effectiveness, and safety of antivirals for zoonotic influenza are unknown.
Evidence is needed to support multijurisdictional decision-making on the appropriate and safe use of
antivirals for preventing and treating influenza as part of pandemic preparedness efforts.

Background

Zoonotic influenza refers to influenza A viruses found in wild birds and poultry and, less commonly, in
mammals such as pigs, cattle, and horses, that cross the animal-human species barrier to infect humans.'?
Transmission of zoonotic influenza usually occurs through close contact with infected animals or their
environments, such as working on farms or in slaughterhouses, hunting, defeathering, butchering wild flock
or mammals, or visiting live poultry markets.® While zoonotic influenza viruses, such as avian influenza
subtypes A(H5N1), A(H5NG6), A(H7N9) or swine influenza subtypes A(H1N1) and A(H3N2), can infect

and cause illness in humans, they are distinct from human influenza viruses and have not demonstrated
sustained human-to-human transmission.® However, influenza A viruses are susceptible to antigenic
mutations and the emergence of a viral strain with the ability to spread easily among humans poses a
significant pandemic risk.*® In particular, as human populations generally have little to no pre-existing
immunity against these viruses, outbreaks could lead to high morbidity and mortality. Consequently,
pandemic preparedness is essential.®%”

In humans, infection with zoonotic influenza viruses can have a range of presentations, from minor upper
respiratory symptoms to severe, acute respiratory disease that may lead to death.> Symptoms typically
develop within 1 to 5 days after exposure, though the incubation period can sometimes extend beyond

this range.? Influenza can lead to a variety of complications that affect multiple body systems, including
cardiovascular, hematologic, musculoskeletal, neurologic, ocular, pulmonary, and renal functions.®>® The
severity and frequency of the illness’s complications depends on the specific virus and the individual’s
health.®* While vulnerable groups, such as individuals who are immunocompromised and those who have
chronic underlying medical conditions, are at high risk of complications, healthy persons and younger adults
are also at risk of severe illness and death with some zoonotic strains.? Case fatality rates for avian influenza
strains A(H5N1), A(H5NG), and A(H7N9) are higher than for seasonal influenza, estimated at 60%, 39%, and
40%, respectively.®® Conversely, the A(HIN2) strain generally causes milder illness, with very few cases
leading to death.™
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Introduction and Rationale

Diagnosis of infection with a zoonotic influenza strain is confirmed through laboratory testing with reverse
transcription-polymerase chain reaction, which is prioritized for individuals with significant exposure history.3®°
Positive cases of strains such as H5N1 must undergo subsequent confirmation testing and analysis with

the National Microbiology Laboratory to fulfill Canada’s obligation under International Health Regulations.®
However, confirmation of zoonotic influenza is not required to initiate treatment, which should not be delayed
while awaiting test results.®

Prevention of Zoonotic Influenza

Efforts for preventing zoonotic influenza begin with animal health, including vaccinating animals and
biosecurity.'>'® To prevent cross-species transmission, proper use of personal protective equipment is
essential for those in close contact with animals or their environment.'' According to the WHO (2023),
robust surveillance systems are also essential in both animal and human populations to detect and respond
to zoonotic influenza outbreaks promptly.® In addition, having a detailed response plan in place before a
pandemic ensures preparedness, with strategies for quick response, effective communication, and resource
allocation to protect public health.?

The development of human vaccines for zoonotic influenza faces unique challenges due to the genetic and
antigenic diversity of influenza A viruses.? Seasonal influenza vaccines do not offer protection against avian
influenza and™ there are no human vaccines to protect against avian influenza available for public use

in Canada.®

Antiviral drugs may be used prophylactically, either pre-exposure or post-exposure, in an effort to prevent
the development of symptomatic influenza.®® The Association of Medical Microbiology and Infectious
Disease Canada 2023 guidelines recommend the use of the neuraminidase inhibitor (NAI) oseltamivir for
chemoprophylaxis after a discrete exposure event to poultry or other zoonotic source of avian influenza.'®
The decision to initiate post-exposure antiviral chemoprophylaxis should rely on clinical judgment, taking into
account factors such as the nature and duration of the exposure, the time elapsed since the exposure, and
the infection status of the birds or animals involved."”

Treatment of Zoonotic Influenza

The treatment of zoonotic influenza primarily involves antiviral medications, with NAls being the first-line
therapy.® Oseltamivir is the most widely used NAI and recommended as the primary antiviral drug for
zoonotic influenza, particularly for H5SN1 infections, based on animal data.®'® Other NAls authorized in
Canada include zanamivir and peramivir.8® Baloxavir marboxil is also used in the treatment of zoonotic
influenza, either as a standalone therapy or in combination with NAls."'® Treatment should be initiated as
early as possible, ideally within 48 hours of symptom onset, but it can still be beneficial when started later in
moderate to severe cases.®'® The Centers for Disease Control and Prevention recommend starting antiviral
treatment immediately for confirmed, probable, or suspected cases, regardless of the time elapsed since
symptoms began.' In addition to antivirals, supportive care may be necessary, especially for patients who
are severely ill and may require respiratory support.®
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Purpose

Policy Issue

This rapid review is 1 component of a broader project examining antiviral drugs for influenza. Evidence from
this rapid review and other components will support multijurisdictional decisions on the appropriate and safe
use of antiviral drugs for prophylaxis and treatment of influenza A or B for pandemic preparedness.

Policy Questions
The policy question examined in the rapid review is as follows:
e |s there a need to stockpile antiviral drugs for prepandemic or pandemic preparedness for prophylaxis
and treatment of zoonotic influenza strains?
- Which influenza antivirals should be stockpiled for prepandemic or pandemic preparedness for
prophylaxis and treatment?
- What does each influenza antiviral offer in the prepandemic or pandemic context, considering
relevant outcomes for specific populations?

Purpose

The purpose of this rapid review is to identify and describe the evidence examining the efficacy,
effectiveness, and safety of antiviral drugs approved for use in Canada for pre-exposure prophylaxis, post-
exposure prophylaxis, and treatment of zoonotic influenza.

Research Questions
The research questions are as follows:

¢ What are the efficacy and effectiveness of antiviral drugs for pre-exposure prophylaxis in individuals
at high risk of getting influenza A due to unprotected exposure to infected animals or an environment
highly contaminated by infected animals?

e What is the safety of antiviral drugs for pre-exposure prophylaxis in individuals at high risk of getting
influenza A due to unprotected exposure to infected animals or an environment highly contaminated
by infected animals?

e What is the efficacy and effectiveness of antiviral drugs for post-exposure prophylaxis in individuals
exposed to zoonotic influenza A due to unprotected exposure to infected animals or an environment
highly contaminated by infected animals?

e What is the safety of antiviral drugs for post-exposure prophylaxis in individuals exposed to zoonotic
influenza A due to unprotected exposure to infected animals or an environment highly contaminated
by infected animals?
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e What are the efficacy and effectiveness of antiviral drugs to treat zoonotic influenza A due
to unprotected exposure to infected animals or an environment highly contaminated by
infected animals?

e What is the safety of antiviral drugs to treat zoonotic influenza A due to unprotected exposure to
infected animals or an environment highly contaminated by infected animals?

Methods

Literature Search Methods

An information specialist conducted searches in the electronic databases Ovid Medline, Ovid Embase,

and Web of Science for English-language literature published from January 1, 2019, to December 9, 2024
(for SRs and RCTs) and to January 8, 2025 (for observational studies). Articles were identified using a
combination of controlled vocabulary; for example, MeSH and Embase subject heading terms and relevant
keywords surrounding the topics of antivirals and zoonotic influenza. An RCT filter and an observational
studies filter developed by Canada’s Drug Agency were also used to first limit the search to RCTs and then to
observational studies. Grey literature searching was conducted in Chat GPT, Perplexity Al, Google Scholar,
Google Advanced, the International Network of Agencies for Health Technology Assessment (INAHTA) HTA
database, and the Centers for Disease Control and Prevention website. Reference lists of included articles
were scanned to help identify additional relevant evidence.

Selection Criteria and Methods

One researcher screened titles and abstracts of the studies identified in the literature searches following pilot
testing of a sample of the studies. The full-text articles of all potentially relevant studies were retrieved and 2
researchers independently assessed the full texts based on the predetermined eligibility criteria presented in
Table 1. Disagreements were resolved through consensus.

Table 1: Selection Criteria

Criteria Description

Population Individuals at high risk of zoonotic influenza A, exposed to zoonotic influenza A, or infected with
zoonotic influenza A2

Subgroups and priority e |ndividual subtypes of influenza A (H5N1, H5NG, H7N9)
populations e Subgroups at high risk for severe influenza (hospitalization), including those with 1 of the
following:

o aged 65 years or older

o individuals with:
= immunosuppressive conditions
= cardiovascular disease

= neurologic disease

= chronic respiratory disease
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Criteria Description

= malignancy
= pregnancy and up to 2 weeks postpartum
= diabetes

e Equity-deserving populations (e.g., Indigenous population)

Interventions Baloxavir marboxil, oseltamivir, peramivir, zanamivir, combination therapy®
Comparators Active control(s) approved in Canada, placebo, no treatment, or standard of care
Outcomes Zoonotic PReP or PEP

Primary outcomes:

e influenza diagnosis (symptomatic or asymptomatic infection)
® any hospitalization

e mortality

Secondary outcomes:

e withdrawal due to adverse events

® emergence of antiviral resistance

e patient acceptance

Zoonotic Treatment

® Any hospitalization

® Time to alleviation of influenza symptoms (composite)
e Mortality

® Transmission of virus (human to human)

e Emergence of antiviral resistance

® Serious adverse events

e \Withdrawal due to adverse events

Study designs SRs with or without NMAs, RCTs, controlled clinical trials, comparative observational studies

NAI = neuraminidase inhibitor; NMA = network meta-analysis; PEP = post-exposure prophylaxis; PReP = pre-exposure prophylaxis; RCT = randomized controlled trial;
SR = systematic review.

Note: PReP is an antiviral drug taken before exposure to the virus (for example, by at-risk workers) to prevent the risk of infection; PEP is an antiviral drug taken after
exposure to the virus but before the development of symptoms or a positive laboratory test result to prevent illness; treatment is an antiviral drug taken to treat symptomatic
influenza.

aZoonotic influenza was defined as resulting from unprotected exposure to infected animals or an environment highly contaminated by infected animals; or novel influenza
A viruses that have been known to cross the animal-human species barrier and cause severe illness in humans, such as avian influenza subtypes A(H5N 1), A(HSNG),
A(H7N9).

°Eligible combination treatment is an NAI with another NAI or an NAI with baloxavir marboxil.

Exclusion Criteria

Studies were excluded if they did not meet the study selection criteria (Table 1), they were duplicate
publications, or they were published before 2019. Case reports, case series, and other noncomparative
observational studies were excluded. Studies that examined patients with seasonal influenza or in which
the effects of specific drugs or drug combinations of interest could not be isolated (for example, studies that
reported the results for NAls without specifying drugs or drug combinations) were excluded.
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Critical Appraisal of Individual Studies
We did not conduct a critical appraisal because there were no relevant primary studies identified and the
findings of the included SRs were based on data extrapolated from seasonal influenza.

Data Extraction

One reviewer extracted information from each article using a standardized data extraction form. Extracted
information included the study characteristics (year of publication, country, funding source, study design),
number of included studies (for SRs), number of participants, population characteristics, intervention(s),
comparator(s), clinical outcomes, length of follow-up, and study findings, where reported.

Summary of Evidence

Main Take-Aways

We identified 2 SRs on the efficacy and safety of antivirals for influenza. One SR focused on preventing
infection after exposure and the other SR focused on treating influenza. Neither review identified relevant
RCTs that examined individuals with zoonotic influenza. We did not identify any primary studies relevant
to our review.

Extrapolated evidence from studies of seasonal influenza (this is information that is inferred and not
explicitly known) suggests that some antivirals may decrease the risk of influenza infection compared
to placebo or standard care and have an acceptable safety profile. The effect of antivirals for zoonotic
influenza on mortality and other outcomes is uncertain due to a lack of evidence.

Quantity of Research Available

Of the 1,974 citations identified in the literature search, 15 were potentially relevant based on title and
abstract screening and were retrieved for full-text review. The full-text articles of an additional 15 potentially
relevant publications, identified through the grey literature search, were retrieved. Of these 30 articles, 28
were excluded, and 2 studies that met the eligibility criteria were included in this rapid review. Both included
studies are SRs with network meta-analyses (NMAs).?°2" The PRISMA flow chart of the study selection is
available in Appendix 1. A list of the excluded studies with reasons for exclusion are available in Appendix 2.

Study Characteristics

Two SRs?°2" with NMAs met the eligibility criteria for this rapid review. Both SRs were conducted to support
an update of the WHO influenza guidelines,?? were published in 2024, and included RCTs published up to
September 2023. The aims of the SRs were to examine the efficacy and safety of antiviral drugs for post-
exposure prophylaxis?' and treatment? of influenza, respectively. The reviews had broader inclusion criteria
than the present rapid review as they examined both seasonal and zoonotic influenza and examined a wider
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range of available drugs than those approved in Canada. Neither of the SRs included any RCTs examining
individuals with zoonotic influenza.

Zhao et al.?' examined the effectiveness of various direct-acting antivirals for post-exposure prophylaxis of
influenza compared with placebo, standard care, or a different antiviral drug. A total of 33 RCTs assessing

6 antiviral drugs (zanamivir, oseltamivir, laninamivir, baloxavir, amantadine, and rimantadine) in individuals
exposed to seasonal influenza met the inclusion criteria. The outcomes of interest included infection, hospital
admission, mortality, and adverse events. NMAs were conducted and the certainty of the evidence was
assessed using the Grading of Recommendations Assessment, Development and Evaluation (GRADE)
approach. No RCTs examining post-exposure prophylaxis following exposure to animals with novel influenza
A virus were identified; therefore, the study extrapolated findings from seasonal influenza trials to infer the
effects of antivirals in people exposed to zoonotic influenza.

Gao et al.?® assessed the effectiveness of direct-acting antivirals for the treatment of patients who were
hospitalized with suspected or confirmed influenza compared with placebo, standard care, or another
antiviral. All 8 included RCTs examined patients with severe seasonal influenza and compared various
antiviral drugs (i.e., oseltamivir, peramivir, zanamivir, rimantadine, zanamivir plus rimantadine, and baloxavir
plus NAls). Six trials were included in NMAs for various outcomes, including mortality, intensive care
admission, duration of hospitalization, and time to symptom alleviation. In the absence of trials examining
zoonotic influenza, the authors used baseline risk data and network relative estimates from severe seasonal
influenza to estimate the effects of antivirals for patients with severe zoonotic influenza.

Additional details regarding the characteristics of the included SRs are provided in Appendix 3.

Findings

No relevant evidence on the efficacy, effectiveness, or safety of antivirals for pre-exposure prophylaxis, post-
exposure prophylaxis, or treatment of zoonotic influenza was identified. Two included SRs used extrapolated
evidence from seasonal influenza to estimate the effects of antivirals for zoonotic influenza. Subgroups were
not considered due to the lack of evidence for zoonotic influenza.

The effect of antiviral post-exposure prophylaxis in individuals exposed to zoonotic influenza was estimated
using baseline risks and data from studies of seasonal influenza in 1 SR.?' Based on extrapolated evidence,
baloxavir, oseltamivir, and zanamivir may decrease the risk of symptomatic influenza in individuals exposed
to animals infected with novel influenza A viruses compared with placebo (low certainty of evidence).?'
Baloxavir and zanamivir may reduce the risk of hospital admission and mortality (very low certainty of
evidence).?' The authors inferred that the risk of adverse events from antivirals used for post-exposure
prophylaxis of zoonotic influenza would be similar to that of seasonal influenza, with no significant difference
between antivirals and placebo (low to high certainty of evidence).?’

Similarly, Gao et al.?° estimated the impact of antiviral treatment for individuals with severe zoonotic influenza
on mortality rates using extrapolated evidence of individuals with severe seasonal influenza. The authors
found there is uncertainty as to whether oseltamivir, peramivir, or zanamivir reduce mortality in individuals
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Limitations

with severe zoonotic influenza compared with placebo, standard care, or other antivirals (very low certainty
of evidence).?°

Limitations

No RCTs or comparative observational studies were found that examined the efficacy, effectiveness, or
safety of antivirals for pre-exposure prophylaxis, post-exposure prophylaxis, or treatment of zoonotic
influenza. The included SRs estimated the effect of antivirals for prevention of zoonotic influenza and
treatment of severe zoonotic influenza based on data derived from trials of seasonal influenza. The utility
of the efficacy estimates based on the data extrapolated from seasonal influenza is uncertain. Zoonotic
influenza viruses are distinct from human influenza viruses, and it is unknown whether it is clinically
appropriate to transfer the findings pertaining to seasonal influenza to zoonotic influenza. In addition, the
mortality rate used to extrapolate the findings was based on influenza A viruses associated with severe
illness; therefore, the effect estimates may not be generalizable to zoonotic influenza A viruses with lower
disease severity.?!

Conclusions and Implications for Decision- or Policy-Making

Main Take-Aways

There is a lack of evidence on the efficacy, effectiveness, and safety of antiviral drugs for the prevention
and treatment of zoonotic influenza; therefore, we were not able to draw any conclusions.

The objective of this rapid review was to describe the evidence examining the efficacy, effectiveness,

and safety of antiviral drugs approved for use in Canada for pre-exposure prophylaxis, post-exposure
prophylaxis, and treatment of zoonotic influenza. We did not identify any relevant RCTs or comparative
observational studies focusing on zoonotic influenza. However, we did identify 2 SRs with NMAs that met
the eligibility criteria of the review. These SRs estimated the effect and impact of antiviral post-exposure
prophylaxis and treatment of individuals with zoonotic influenza using extrapolated evidence from individuals
with seasonal influenza. The extrapolated estimates suggest that some antivirals may decrease the risk

of influenza infection compared to placebo or standard care and have an acceptable safety profile (this is
information that is inferred, and not explicitly known).

The policy question asked whether there is a need to stockpile antiviral drugs for prepandemic or pandemic
preparedness for prophylaxis and treatment of zoonotic influenza strains. The evidence considered in this
review cannot adequately answer this question. Due to the lack of evidence, no conclusions can be drawn
about the efficacy, effectiveness, and safety of antiviral drugs for pre-exposure prophylaxis, post-exposure
prophylaxis, and treatment of zoonotic influenza.
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Figure 1: PRISMA Flow Chart of Selected Reports
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Table 2: Characteristics of Included Systematic Reviews

Study citation,

country, funding

source

Gao et al. (2024)%
Country: Canada
Funding source:

WHO

Study designs and
numbers of primary
studies included

SR /NMA of RCTs

8 RCTs with 1,424
participants; 0 RCTs
relevant to the present
review

Population
characteristics

Eligible population:
Hospitalized patients
with any type of
suspected or confirmed
influenza; Relevant
population: Patients
with zoonotic influenza
Age (years), range: 36
to 60

Sex (male), range (%):
431078
Laboratory-confirmed
influenza patients,
range (%): 79 to 100

Intervention and
comparator(s)

Intervention: Antivirals
for the treatment of
severe influenza:
Baloxavir, oseltamivir,
laninamivir, zanamivir,
peramivir, umifenovir,
favipiravir, amantadine,
rimantadine; Relevant
intervention: Baloxauvir,
oseltamivir, zanamivir,
peramivir
Comparator: Placebo,
standard care without
placebo, or another
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Clinical outcomes,
length of follow-up

Outcomes: Duration
of hospitalization, time
to symptom relief, ICU
admission, progression
to invasive mechanical
ventilation, length of
mechanical ventilation,
mortality, discharge
destination, antiviral
resistance emergence,
adverse events,
treatment-related
adverse events, severe
adverse events

Country: Canada
Funding source: WHO

33 RCTs with 19,096
participants; 0 RCTs
relevant to the present
review

Individuals exposed
to influenza viruses;
Relevant population:
Individuals exposed
to zoonotic influenza
viruses

Age (years), mean:
6.75t0 81.15

Sex NR

prophylaxis; Eligible
interventions: viral
polymerase complex
inhibitors, NAls,
matrix protein 2 ion
channel inhibitors,
cap-dependent
endonuclease
inhibitors; Relevant
intervention: Baloxauvir,
oseltamivir, zanamivir,
peramivir.

Comparator: placebo,
standard care, or
another antiviral for
prevention of influenza

antiviral for treatment of | Follow-up: NR
severe influenza
Zhao et al. (2024)* SR /NMA of RCTs Eligible population: Intervention: antiviral Outcomes:

Time to symptom
onset, infection,
symptom duration,
hospital admission,
hospitalization length,
progression to invasive
mechanical ventilation,
ICU admission,
mechanical ventilation
duration, disease
severity progression,
antiviral resistance
emergence, all-cause
mortality, antiviral-
related adverse events,
serious adverse events

Follow-up: NR

ICU = intensive care unit; NAI = neuraminidase inhibitor; NMA = network meta-analysis; NR = not reported; RCT = randomized control trial; SR = systematic review.
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