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Abstract

Influenza remains a significant national health security threat, particularly for vulnerable
populations, as existing control measures do not fully mitigate its impact. This gap in pro-
tection is especially pronounced early in a pandemic when a well-matched vaccine may
not yet be available, as well as in populations unable to mount an optimal vaccine re-
sponse. Clinical studies support pre-exposure prophylaxis (PrEP) therapeutics as a prom-
ising complementary strategy to reduce influenza transmission and disease severity, po-
tentially easing the strain on healthcare systems during outbreaks. This manuscript out-
lines the Biomedical Advanced Research and Development Authority’s (BARDA's) target
product profile (TPP) for a long-acting influenza PrEP product, reviews the current devel-
opment landscape, and models the potential impact of early PrEP product deployment
using agent-based modeling in a synthetic population of 19.5 million people across pan-
demic scenarios resembling the 1918, 1968, and 2009 influenza pandemics. Simulations
showed that early deployment of a 70%—effective PrEP reduced cumulative and peak in-
fections, delayed the epidemic peak, and provided the greatest benefit in less transmissi-
ble pandemics; at 40-50% coverage, PrEP fully mitigated a 2009-like pandemic and sub-
stantially reduced transmission in 1918- and 1968-like scenarios. The TPP defines key
characteristics of an effective PrEP option for seasonal and pandemic influenza that (1)
demonstrates a strong safety and tolerability profile across all populations; (2) targets a
direct-acting antiviral mechanism of action; (3) reduces the relative risk of symptomatic
influenza infection by at least 70% in an unvaccinated population and (4) provides single-
dose, season-long protection to optimize patient adherence. In this context, integrating
PrEP into influenza prevention strategies could improve control of virus spread,
strengthen protection for high-risk groups, and significantly reduce the overall public
health impact of seasonal and pandemic influenza.
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1. Introduction

Influenza is a highly contagious, acute viral respiratory infection primarily spread
through respiratory droplets or direct contact. Its symptoms—such as fever, headache,
muscle aches, sore throat, and cough—are clinically indistinguishable from those of other
respiratory viral illnesses without laboratory confirmation. In some cases, and particularly
among individuals at high risk, influenza can lead to severe complications or even death
[1].

Influenza affects individuals across all age groups but poses the greatest risk of se-
vere outcomes for vulnerable populations, including older adults, young children, and
those with compromised immune systems. According to the Centers for Disease Control
and Prevention (CDC), between the 2015-2016 and 2019-2020 influenza seasons, the
United States experienced an estimated 24 to 41 million infections annually, resulting in
up to 710,000 hospitalizations and 52,000 deaths per year [2]. Given its substantial impact
on morbidity, mortality, and healthcare costs, influenza remains a significant public health
challenge.

While seasonal influenza recurs each year, influenza pandemics are rare. A pandemic
occurs when a novel influenza virus emerges that can spread efficiently among humans
and where the global population has little to no pre-existing immunity [3]. Over the past
century, there have been four major influenza pandemics—in 1918, 1957, 1968, and 2009 —
with the 1918 pandemic being the most severe in terms of global impact [4,5]. Influenza
viruses undergo constant genetic changes through antigenic drift, which limits the dura-
tion of immunity acquired through infection or vaccination [4,6]. Annual immunization
with vaccines that closely match the currently circulating viruses is the cornerstone of ef-
fective seasonal influenza prevention [7,8], but provides incomplete protection when vi-
ruses undergo antigenic drift after vaccines are formulated. In contrast, traditional pan-
demic vaccine production takes 6 to 8 months from candidate strain recommendation, or
pandemic recognition, to actual production and delivery, creating a gap in protection
[9,10]. Given that current strategies for vaccination against seasonal and pandemic influ-
enza vaccines provide incomplete protection, new or improved strategies are needed to
safeguard public health.

This study describes the Biomedical Advanced Research and Development Author-
ity’s (BARDA'’s) target product profile (TPP) for a long-acting influenza pre-exposure
prophylaxis (PrEP) product, reviews the current development landscape, and uses agent-
based modelling to estimate the potential population-level impact of early PrEP deploy-
ment during influenza pandemics with differing levels of transmissibility.

2. Rationale for Influenza PrEP

Pre-exposure prophylaxis (PrEP) intended for general use in the US population offers
a promising strategy for bridging the gap between the declaration of a public health emer-
gency and the availability of a well-matched vaccine. PrEP involves using drugs to limit
infection and the spread of disease during periods of heightened viral activity. In the con-
text of HIV prevention, PrEP has historically proven to be an effective strategy for pre-
venting infection among individuals who have a substantial risk of exposure. In addition,
experience with HIV PrEP dosing regimens has informed the development of improved
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therapeutics with reduced dosing frequency, and clinical studies have shown that high
levels of PrEP adherence reduce the risk of HIV infection by 70% [11].

During the COVID-19 pandemic, Evusheld™ [12] and Pemgarda®[13] received emer-
gency use authorization (EUA) as COVID-19 PrEP therapeutics. Evusheld™ was author-
ized for use as PrEP in adults and children over age 12 who were immunocompromised
and may not have been able to mount an adequate response to COVID-19 vaccines and
for those in whom vaccination was not recommended [14]. A meta-analysis of the clinical
trial data from studies addressing clinical effectiveness of Evusheld™ found that it re-
duced breakthrough infection by 40.5% and mortality by 92.4% for immunocompromised
patients [15]. However, Evusheld™ was discontinued due to reduced effectiveness
against circulating variants. Pemgarda® remains authorized for use as an intravenous
monoclonal antibody for immunocompromised individuals aged 12+ administered ap-
proximately every three months [13]. The combined experience with HIV and COVID-19
underscores the effectiveness of PrEP therapeutic-based interventions and supports their
inclusion as an integral part of the pandemic preparedness strategy for influenza.

Given the constraints on manufacturing (e.g., time-intensive processes) and chal-
lenges with stockpiling (e.g., shelf-life duration and storage requirements), medical coun-
termeasure distribution during a pandemic must be prioritized to protect highly exposed
and vulnerable populations, such as first responders [16], healthcare workers [17], and
residents of long-term care facilities [18]. In the absence of an effective vaccine, first re-
sponders and healthcare workers are at increased risk of infection, which can exacerbate
worker shortages and strain healthcare system capacity [19]. Residents of long-term care
facilities are particularly susceptible to rapid transmission and severe outcomes given
their advanced age, comorbidities, and congregate living settings. This was evident dur-
ing the COVID-19 pandemic when long-term care facility residents accounted for 10% of
all cases and 44% of all deaths [20]. Thus, early prioritization of these populations for pro-
tective measures is essential to minimize severe outcomes, limit transmission, and sustain
workforce operations during outbreaks.

In addition to the general use by the US population, a PrEP option would also pro-
vide significant benefits as an adjunct to vaccines for seasonal influenza. In the United
States, an estimated 6.2% of adults aged 18-64 years have immunosuppressive conditions
[21,22], and 41.6% of adults aged 65 years and older are affected by at least one immuno-
compromising condition [23]. In these groups, influenza continues to cause substantial
morbidity and mortality, underscoring the need for alternative preventive strategies, such
as PrEP [24]. Therefore, it would be beneficial to have a PrEP option for populations that
cannot achieve sufficient immunity after seasonal influenza vaccination.

Currently, there are four therapeutics approved by the U.S. Food and Drug Admin-
istration (FDA) to treat influenza, two of which (oseltamivir phosphate and zanamivir)
are also FDA-approved for use as PrEP for influenza. Clinical trials evaluating seasonal
PrEP studies have demonstrated that oseltamivir and zanamivir significantly reduce the
odds of laboratory-confirmed symptomatic influenza by 74% and 69%, respectively [25].
When utilized for PrEP during community outbreaks, oral oseltamivir phosphate is ap-
proved for up to 6 weeks during a community outbreak [26], whereas inhaled zanamivir
is indicated for daily dosing over a 28-day period [27,28]. Daily dosing regimens pose
significant obstacles that hinder the consideration of either antiviral as a practical option
for use in pandemic preparedness, including challenges with patient compliance, main-
taining adequate stockpiles, and coordinating the sustained distribution of these thera-
peutics.

Prior experience with PrEP for HIV has shown that while PrEP can be highly effec-
tive, compliance is a significant factor impacting the success of PrEP therapeutics. For ex-
ample, Truvada® requires consistent, repeated dosing over a defined period [11], and
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suboptimal patient adherence reduced its effectiveness as an HIV prophylactic [11]. Apre-
tude, a long-acting injectable dosed intramuscularly every 2 months, has demonstrated
efficacy for HIV PrEP [29]. More recently, Yeztugo® was approved with twice-yearly dos-
ing and showed superiority to the daily dosing regimen with Truvada® [30]. These studies
highlight the importance of developing PrEP strategies with reduced dosing regimens to
enhance patient compliance.

3. Target Product Profile (TPP) for Influenza PrEP Therapeutic

BARDA's overall objective is to partner in the development of PrEP therapeutics for
both pandemic and seasonal influenza, with the goal of achieving FDA approval. Safety
is an important consideration both in terms of maximizing accessibility for all de-
mographics and minimizing the risk of adverse outcomes in an otherwise healthy popu-
lation. Drawing on precedents of PrEP therapeutics for other indications, BARDA has es-
tablished a target product profile (TPP) for an influenza PrEP therapeutic (Table 1) that
addresses key challenges of patient compliance with daily dosing regimens and accounts
for anticipated demands on manufacturing capacity following the declaration of a pan-
demic.

Table 1. BARDA'’s Target Product Profile for PrEP Therapeutic.

Product Properties Minimal Attributes Optimal Attributes
Direct-acting antiviral (targets highly con- Direct-acting antiviral (targets highly con-
served viral factors) served viral factors)

70% relative risk reduction in symptomatic in-70% relative risk reduction in symptomatic in-
fluenza infection when comparing treated vs. fluenza infection when comparing treated vs.

Mechanism of Action

Clinical Efficacy . . . . . ;
placebo-treated patients in an unvaccinated placebo-treated patients in a vaccinated popu-
population lation

e  General use in people who achieve insuf-®  General use in people who achieve insuf-

ficient protection after seasonal influenza ficient protection after seasonal influenza
. vaccination vaccination
Target Population . .

For pandemic response, demonstrated o  For pandemic response, demonstrated
benefit in otherwise healthy populations benefit in otherwise healthy populations
in addition to those above in addition to those above

Monoclonal antibodies (mAbs), other biolog-
Therapeutic Modality ics, long-acting small molecules, among oth-
ers

mADbs, other biologics, long-acting small mole-
cules, among others
Single dose by oral, transdermal, or injectable

Dose Regimen and  Single dose by any route of administration in- . .
(intramuscular or subcutaneous) using vol-

Route of Administration cluding intravenous . . L
umes suitable for a single injection
Onset of Protection 7 days or less Immediately following administration
Duration of Protection One month from a single dose Six months from a single dose
Safe and well tolerated for general use pre- Safe and well tolerated for general use preven-

Safety and Tolerabilit e e e e e
y Y vention indication tion indication

Drug Interactions/Con- Some drug—drug interactions (DDIs) and con-
traindications traindications tolerated; manageable risk

Cmin > ECs0 (protein-binding adjusted) for the

entire dosing interval OR rationale for alter- Cmin > ECo (protein-binding adjusted) for the

No DDIs or contraindications

Clinical Pharmacology

nate pharmacokinetic/pharmacodynamic pro- entire dosing interval
file
Stability and Storage Storage and shipping at —2.0. C 2-8°C,or  Storage and Shlpl?l.ng at room temperature;
room temperature; stability >2 years stability 25 years
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Manufacturing process is scalable for 5 million
Manufacturing and Manufacturing process is scalable for 5 mil- &P . .
doses per month; product is manufactured in

Scalabilit lion doses per year
y pery! the U.S.
Manufacturing Cost of Commercially viable in the seasonal influenza Competitive in the seasonal influenza vaccine
Goods vaccine market market

In addition to the established experience with HIV PrEP products, we evaluated the
population-wide application of PrEP in an influenza pandemic response, supporting its
potential role as a scalable preventive intervention in multiple pandemic scenarios. Viral
transmission modeling using an agent-based framework was employed to evaluate the
potential population-level impact of the TPP-proposed PrEP product on cumulative in-
fluenza infections during a pandemic. Using census tract-level resolution, we divided a
synthetic population for the greater New York City area (around 19.5 million total popu-
lation as of 2017) into three age categories (<18, 18-64 and 65+ years) to reflect real-world
implementation of PrEP early in a pandemic prior to vaccine availability. We evaluated
three scenarios of viral transmissibility using literature estimates for basic reproductive
numbers from the 1918, 1968, and 2009 influenza pandemics in order of decreasing trans-
mission intensity. We also considered scenarios with varying target product inventory
sizes covering 0-50% of the population (in increments of 10%). PrEP is distributed ran-
domly across the population without consideration of age or any other risk factor. We do
not account for variables influencing uptake such as the occurrence of adverse events or
distribution logistics. Consistent with the optimal profile described in Table 1, the desired
target PrEP product is assumed to have an efficacy of 70% against symptomatic influenza
illness in a vaccinated population. Differential efficacy across the population and the
emergence of viral strains resistant to treatment are not considered. For context and
benchmarking purposes only, we reference a hypothetical vaccine efficacy of 58% against
symptomatic influenza (derived from 40% efficacy against infection and 30% against
symptoms given infection) [31,32]. The vaccine is not modeled as a concurrently deployed
intervention in the primary analysis but serves as an anchor to situate PrEP performance
relative to an established standard. We assume that the product is distributed to the pop-
ulation early in the pandemic, when a negligible fraction of the population is infected, and
the product efficacy does not wane over a single epidemic wave or season. A more de-
tailed description of the model, the selected parameter values, and additional simulations
combining target product and vaccine distribution can be found in the Supplementary
Materials.

Figure 1 illustrates epidemic waves as a function of time for varying scenarios of viral
transmissibility and target product inventory size. Early deployment of PrEP therapeutics
yields three primary public health benefits relative to the unmitigated or unvaccinated
baseline: (i) a decreased cumulative number of infections (proportional to the area under
each epidemic curve); (ii) a decreased number of infections at peak; and (iii) a delayed
epidemic peak. The impact of the medical countermeasure is greater for less transmissible
viral strains. For example, in the case of a virus with a level of transmissibility matching
that of the 2009 pandemic, product inventory sizes covering 40% and 50% of the popula-
tion are sufficient for total mitigation. In contrast, under 1918- or 1968-like transmissibility,
the same coverage levels substantially suppress but do not eliminate epidemic waves.
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Figure 1. Simulated influenza epidemic curves showing the impact of mitigation from early PrEP
product deployment. Each panel corresponds to a different value of the basic reproductive num-
ber—chosen to match estimates for the 1918, 1968, and 2009 influenza pandemics—while the col-
ored lines correspond to varying sizes of PrEP product inventory covering the indicated percentages
of the population. Each epidemic curve is a stochastic realization for a combination of basic repro-
ductive number and inventory size; the average of ten stochastic realizations is shown as a thick
curve. Note that for the bottom panel, product inventories of 40% and 50% lead to nearly complete

mitigation of viral transmission.

To summarize the overall impact of PrEP product distribution more succinctly, Fig-
ure 2 presents the mean fraction of total infections prevented through PrEP therapeutic
deployment relative to an unvaccinated baseline. This figure demonstrates that broader
population coverage leads to progressively greater reductions in infections, with stronger
proportional effects observed in lower-transmissibility scenarios.

Although not directly addressed by the modeling here, evidence from HIV PrEP pro-
grams and influenza modeling studies suggests PrEP for influenza could reduce trans-
mission at the individual level, particularly in high-risk groups, and lower susceptibility
at the population level to mitigate seasonal outbreaks and pandemic impact. Oseltamivir
phosphate and zanamivir have shown efficacy for PrEP, but their required daily dosing
limits practicality. In contrast, long-acting antivirals and monoclonal antibodies offer
more feasible alternatives [33]. Given delays in well-matched vaccine availability in a pan-
demic, rapidly deployable PrEP may protect frontline workers and vulnerable popula-
tions while reducing healthcare system strain and overall disease burden.
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Figure 2. Mean fraction of infections averted relative to a baseline without any PrEP product de-

ployment, as a function of the fraction of the population receiving the product.

4. Landscape Analysis of Potential PrEP Therapeutics

PrEP for influenza remains an underutilized yet critically important strategy in the
prevention of seasonal and pandemic influenza outbreaks, particularly for high-risk and
highly exposed populations such as the elderly, immunocompromised individuals, and
healthcare workers. Antigenic drift, suboptimal vaccine uptake, and varying vaccine ef-
fectiveness each season have led to sustained interest in chemoprophylaxis as a supple-
mental approach.

4.1. Small Molecule Antivirals

As the most widely studied antiviral used for prophylaxis, the neuraminidase inhib-
itor (NAI) oseltamivir phosphate has shown substantial efficacy in community outbreak
prophylaxis when administered as a daily oral regimen for up to 6 weeks [26]. In a pivotal
trial, Welliver et al. reported an 89% reduction in laboratory-confirmed influenza among
individual contacts and an 84% reduction among household contacts [34]. However, the
utility of oseltamivir phosphate for pandemic PrEP is limited due to its frequent dosing
requirement, highlighting the need for novel prophylactic agents with extended duration
of protection and simplified dosing regimens to improve compliance and expand applica-
bility in both seasonal and pandemic contexts.

Zanamivir, another NAI, is delivered via inhalation and shares a similar mechanism
of action and efficacy profile with oseltamivir phosphate. However, its use is limited by
delivery constraints, particularly in individuals with underlying pulmonary conditions.
The inhaled route, while effective, poses logistical challenges, particularly in pediatric or
elderly populations who may struggle with inhaler use or adherence to daily dosing
schedules.

Currently, there is insufficient clinical evidence to support the use of peramivir [35],
baloxavir marboxil [36], or laninamivir [36] for influenza PrEP. Peramivir is impractical in
a pandemic setting due to its intravenous route of administration and the burden to the
healthcare system of dosing this antiviral. Laninamivir, though effective as post-exposure
prophylaxis, lacks data for pre-exposure use. Baloxavir marboxil has demonstrated po-
tential in reducing secondary transmission of influenza [37]; however, baloxavir marboxil
is not approved for PrEP as there is no available safety and efficacy data in pregnancy and
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in severely immunocompromised patients [38], and its use may be limited by clinically
significant drug-cation interactions. Baloxavir forms chelates with polyvalent cations (e.g.,
calcium, aluminum, magnesium, iron, selenium and zinc), and co-administration with
products containing these ions results in a significant decrease in baloxavir exposure in
nonhuman primates [38,39].

4.2. Monoclonal Antibodies

Despite efforts to develop anti-influenza mAbs, none have been authorized or ap-
proved for influenza prophylaxis or treatment, likely due to their insufficient distribution
within the primary site of infection in the upper respiratory tract, limited clinical efficacy,
and/or challenges in demonstrating meaningful benefit over oral antiviral therapies. For
example, the broadly neutralizing anti-hemagglutinin (HA) mAb MEDI8852 was safe but
did not improve clinical or virologic outcomes over standard therapy in uncomplicated
influenza, limiting its clinical value for this population [40]. Likewise, other anti-HA
mAbs, including CR6261 and CR8020, showed promise when tested in combination in in
vivo studies but failed to show clinical benefit in humans [41]. Notably, VIR-2482 is the
only broad-spectrum anti-HA mAb targeting seasonal and pandemic influenza A to enter
phase 2 clinical trials for PrEP. VIR-2482 is an engineered derivative of MEDI8852 that
was specifically designed with an “LS mutation” (M428L/N434S) in the Fc domain of the
heavy chain to extend its half-life for prophylactic use. Though VIR-2482 was well-toler-
ated in the phase 2 trial, it did not meet its primary endpoint in reducing the incidence of
influenza-like illness in healthy, unvaccinated adult subjects at either 450 mg or 1200 mg
doses administered intramuscularly [33,42].

Recently, a study investigating intranasal administration of CR9114, another mAb
targeting the stem domain of HA, has demonstrated protective efficacy from lethal doses
of influenza A (H5N1) in two separate murine studies [43,44]. The mechanism of action
for CR9114 in these studies was found to be mediated in an Fc-independent manner,
which was unique to the intranasal route of administration.

4.3. Drug-Fc Conjugate for Influenza PrEP

CD388 is a multivalent conjugate of dimerized zanamivir with the N-terminal half-
life-extended Fc domain of human IgG1. While zanamivir alone has not demonstrated
superiority to oseltamivir phosphate in preclinical studies, CD388 exhibited broad activity
and long-acting protection (~3 weeks) that was not achieved by oseltamivir against pan-
demic and seasonal influenza strains [45]. Two phase 1 trials to assess safety and dose
escalation tolerability of CD388 have had positive results [46]. Also, in a randomized con-
trolled phase 2a human challenge study, CD388 demonstrated prophylactic activity
against influenza infection [47]. Additionally, the phase 2b NAVIGATE trial plans to eval-
uate the protective efficacy of CD388 when administered as a single subcutaneous injec-
tion in healthy adults not at risk for influenza complications (NCT06609460).

While no small molecule antiviral agent or mAb currently holds full regulatory ap-
proval in the U.S. explicitly for long term (26 months) PrEP against influenza (Table 2),
regulatory precedence has been established through the approval of long-acting antivirals
for HIV PrEP.
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Table 2. Influenza Antivirals for PrEP: Dosing and Approval Status.

Drug Class

Drug

PrEP Dose and Route of Admin-

. . PrEP Approval Status/Comments
istration

Neuraminidase inhibitors

Oseltamivir phos-
phate [26]

Ages 3 months to <1 year: 3
mg/kg, once daily for 7 days, oral
route.

Ages 1-12 years: 30-75 mg
(based on weight), once daily for
10 days, oral route. In commu-
nity outbreak: (based on weight)
for up to 6 weeks.

Ages 213 years: 75 mg, once daily

FDA-approved for chemoprophy-
laxis in patients ages >1 year.
Dosage adjustment is needed

based on the patient’s weight and

creatinine clearance rate.

for 10 days, oral route. In com-
munity outbreak: 75 mg, once
daily for up to 6 weeks.

Zanamivir [28]

Household setting: 1
ousehold setting: 10 mg, once FDA-approved for chemoprophy-

daily for 10 days. .
) laxis.
Community outbreaks: 10 mg, oy . . .
. Contraindicated in patients with
once daily for 28 days.

The 10 mg dose is provided by Iactose/mlllk pr(?te1n allfzrgy or
) . derlying airway disease
two inhalations.

Peramivir

Not FDA-approved for PrEP

Laninamivir

Not FDA-approved for PrEP

Ion channel inhibitors

Amantadine [48]

Ages 1-9 years: 5 mg/kg, daily in
two divided doses (not to exceed
150 mg/day), oral route.
Ages > 10 years: 100 mg, twice
daily (not to exceed 200 mg/day)
Children <40 kg: dosing can be 5
mg/kg, daily, oral route.

FDA-approved for PrEP but no
longer recommended due to
widespread resistance

Rimantadine [48]

Ages 1-9 years: 5 mg/kg, daily in
one or two divided doses (not to
exceed ~150 mg/day), oral route.
Ages 210 years: 100 mg, twice
daily (not to exceed 200 mg/day),
oral route.

FDA-approved for PrEP but no
longer recommended due to re-
sistance

Cap-dependent endonucle-

Baloxavir marboxil

Not FDA-approved for PrEP

ase inhibitor [39]
Polymerase inhibitor Favipiravir — Not FDA-approved for PrEP
MEDI8852, VIR-
Monoclonal antibodies 2486, — Under development for PrEP
CR6261, CR8020,
CR-9114
Once per season subcutaneous
Drug-Fc conjugate CD388 450 mg dose is being studied in Under development for PrEP

phase 3 (NCT07159763) in those
12 years of age and older

An em dash (—) indicates that no dosage information was available for PrEP.

https://doi.org/10.3390/vaccines14080666



Vaccines 2026, 14, 666

10 of 14

5. Discussions and Conclusions

Influenza remains a major global health challenge, causing significant morbidity and
mortality annually. Despite advances in biomedical science, the fluctuating efficacy of vac-
cines and the underutilization of antiviral medications continue to complicate prevention
and treatment efforts. Influenza virus’s rapid mutation rates necessitate constant vigilance
and adaptation of prevention strategies.

While vaccination stands as the frontline measure for influenza prevention, the pro-
cess of annual vaccine strain selection is scientifically and logistically challenging. Ensur-
ing the vaccine strains match the circulating strains and distributing the resulting vaccine
on time is critical for countering the rapid mutation of influenza viruses [49,50]. However,
vaccination policies and coverage vary globally [51,52]. In addressing the challenges as-
sociated with influenza prevention, a notable gap exists between the effectiveness of cur-
rent vaccines and the absence of long-acting PrEP options. This disconnect limits sus-
tained protection, particularly among high-risk populations. Consequently, this gap sig-
nificantly undermines the overall effectiveness of influenza prevention strategies.

One promising solution to bridge this divide is the utilization of prophylactic antivi-
rals [37,45]. Antivirals targeting the conserved elements of the influenza virus may offer a
robust alternative to traditional vaccines, particularly when vaccine effectiveness is com-
promised by mismatched circulating strains or rapid antigenic shifts. The potential of
prophylactic antivirals to aid influenza prevention efforts increases substantially when
they can provide protection throughout the entire influenza season with minimal dosing
requirements. Such a strategy not only addresses vaccine strain variability that reduces
vaccine effectiveness but also provides an alternate solution for the gap in protection, par-
ticularly for vulnerable and highly exposed populations, thereby improving public health
outcomes.

The TPP in Table 1 outlines an influenza PrEP product that could be used for mitiga-
tion of seasonal influenza disease and influenza pandemic preparedness. The product
must exhibit a favorable safety and tolerability profile across all demographic groups, en-
suring minimal side effects. Furthermore, as a minimal requirement, it should demon-
strate at least 70% relative risk reduction in symptomatic influenza when compared to an
unvaccinated population. Optimally, a 70% relative risk reduction in influenza symptoms
relative to a vaccinated population is desired (Table 1). To improve patient compliance
and reduce the burden of repeat dosing, the product should be designed to offer protec-
tion throughout the entire influenza season with a single dose. Achieving these targets
will ensure the product can address significant gaps in current seasonal influenza preven-
tion strategies and support public health preparedness.

At present, antiviral medications play a critical role in the management of influenza,
serving as both prophylactic and therapeutic interventions. The Infectious Disease Society
of America (IDSA) has published comprehensive guidelines outlining the use of antiviral
agents to effectively prevent or treat influenza infections [53]. These guidelines recom-
mend timely administration of antivirals, particularly for populations that do not achieve
protection after seasonal influenza vaccination. The prophylactic use of antivirals is par-
ticularly recommended in settings where vaccine effectiveness is low or when vaccination
is not possible. Additionally, therapeutic use of antivirals is encouraged for confirmed
cases of influenza to reduce the duration of symptoms and prevent serious complications
[50,54].

Looking ahead, the integration of PrEP therapeutics into influenza prevention strat-
egies has the potential to meaningfully reshape both seasonal and pandemic influenza
control. Importantly, influenza PrEP should be considered a complementary strategy ra-
ther than a substitute for vaccination. Robust influenza vaccination programs must remain
the cornerstone of influenza prevention, particularly for vulnerable populations at in-
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creased risk of severe disease. Within this framework, pharmacological prophylaxis has
the potential to provide additional protection for individuals at high risk of exposure or
those who may not mount an adequate immune response to vaccination, thereby comple-
menting existing vaccination efforts.

For seasonal influenza, PrEP could substantially reduce disease burden among pop-
ulations at highest risk of severe outcomes— particularly older adults and immunocom-
promised individuals who have suboptimal protection from vaccination alone. In a pan-
demic, when vaccine availability is delayed and healthcare systems are strained, deploy-
ment of long-acting PrEP during the early phases of an outbreak could blunt transmission,
reduce peak incidence, and protect essential workers and vulnerable populations. To-
gether with vaccination, scalable and durable influenza PrEP strategies offer a forward-
leaning approach to preparedness, strengthening public health resilience against both pre-
dictable seasonal epidemics and unpredictable pandemic threats.
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