i i
B4 BB B

Influenza Antiviral Therapy and Drug Resistance

CRNE B AP Wi




Oseltamivir
Zanamivir

AT VIR il ) AR

NA
Sialic acid receptors

/
! | Baloxavir marboxil ‘:
— Pimodivir p |
Amantadine |1 =" |
Rimantadine [} y ;
! 1
: Cm :
1 ap 1
VAVAN i /
[ VAV/AN c ! Wa Vet i
N ——P |
[ VAV/AN 1
: Nag NN :
! , y””)e 3 M p—| 1
: LAV AN 1
\ T FAR® /
% Fav|p||'av|r RNA without “Cap

" Nucleus _.“

_ - a0 P -
Rastdsel RNAR = Fiq#mﬁ];ﬁl] CytOpIasm Modified from Viruses 2024, 16, 458.

4




kIR SRR

n M2 Protein Inhibitor

Amantadine / Rimantadine

o FMEMMBRKE - BRIENEERARK
RERRIRA e

B RNA Polymerase Inhibitor
Favipiravir (Avigan)

® T RNA RmERERIARE - IIFIRAERA
mEERERL L %IE -

o HaBEMERRAERA (RINAEMURR
REEREIHANAERER)

o EHSHARZEES -

g Neuraminidase Inhibitor

Oseltamivir / Zanamivir / Peramivir

o DBRIRRMAEBERNER -

o FEMFRERME < HIEIZEEES - [HIE
BRTMZAEEETARAREL -

o TFARLIRA « IRESMEM © HEAEIRAZ

n Cap-dependent Endonuclease Inhibitor

Baloxavir marboxil (Xofluza)

o ERMNARAEERIBIEMYLFENIREHS
( Cap-snatching Mechanism ) » APl %
RENERIEE - A RENRRRSREE -

o Tt 108 FRIMEREEYHTE -



Clinical practice guidelines for influenza

September 2024, WHO

Patient group

Non-severe, no risk-factor Non-severe, risk factor Severe
Baloxavir Conditional against Conditional recommendation
Oseltamivir Strong against Conditional recommendation
Zanamivir Strong against Conditional against
Peramivir Conditional against Conditional against
Favipiravir Strong against
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Table 5.1 Risk factors for hospitalization in non-severe influenza

Risk factor

Study results and
measurements

Age (per 10 years
increase)

Odds ratio: 1.72
(95% Cl 1.02 - 2.89)

Based on data from
1 study

Hypertension

-Based on data from

4 studies

hospitalization in non-

severe patients.

HIV,
immunodeficiency,
or
immunosuppression

Odds ratio: 2.7
(95% Cl1 1.55 - 4.7)

Based on data from
2 studies

Any liver diseases

Anaemia

Asthma

Odds ratio: 1.39
(95% Cl1 0.88 - 2.19)

Based on data from
2 studies

| Odds ratio: 1.46

(95% C1 0.95 - 2.24)

Based on data from
2 studies

Malignancy

(Obesity Odds ratio: 1.02 Moderate Obesity is associated with
( (95% Cl 0.98 - 1.07) Due to serious little or no increase in
[ Based on data from imprecision hospitalization in non-severe
i 1 study patients.
i
(Pregnancy Odds ratio: 1.88 High Pregnancy is associated with
(95% Cl 1.73 - 2.05) increased odds of
( Rasad on data from hospitalization in non-severe
E 1 study patients.
“Any renal diseases Odds ratio: 1.66 High Any renal diseases are
(95% Cl 1.54 - 1.79) associated with increased
( Rasad an data from odds of hospitalization in
( 2 studies non-severe patients.
ERespiratory diseases Odds ratio: 1.74 Very low We are uncertain whether

:(unspecified)

Any neurological
diseases

(
(

(95% C1 0.95 - 3.19)

Based on data from
3 studies

Due to serious

inconsistency. Due to

very serious

unspecified respiratory
diseases are associated with
increased odds of
hospitalization in non-severe

Any cardiovascular
diseases

Odds ratio: 2.72
(95% Cl 1.24 - 5.94)

Based on data from
3 studies

Moderate

Due to serious
inconsistency

Diabetes

Odds ratio: 1.84
(95% Cl 1.26 - 2.67)

Based on data from
4 studies

Moderate

Due to serious
inconsistency

imprecision
U patients.
Chronic respiratory Odds ratio: 2.24 High Chronic respiratory
n

dis:diseases (95% CI 1.9 - 2.64) diseases (unspecified) are
asst{unspecified) Based on data from associated with increased
odd 2 studies odds of hospitalization in
non non-severe patients.

Diat S€x (male vs. female) Odds ratio: 1.01 Low Males may have little or no

assc
odd
non

(95% Cl 0.86 - 1.18)
Based on data from
5 studies

Due to serious

inconsistency. Due to

serious imprecision

increase in hospitalization
compared with females in
non-severe patients.




Risk level

High

Moderate

Low /
Very low

Risk factors for hospitalization in non-severe influenza (sorted by risk level: high to low)

HIV

Malignancy

CNS disorder

Pregnancy

Kidney disease

Chronic respiratory diseases

Diobetes

Age (per 10 years increase)

Asthma

Hypertension

Obesity

Anaemia

Sex (male vs. female)

Any liver diseases

Respiratory diseases
(unspecified)

Based on data from 3 studies

Odds ratio: 1.84 (95% CIl 1.26 - 2.67)
Based on data from 4 studies

Odds ratio: 1.72 (95% CI 1.02 - 2.89)
Based on data from 1 study

Odds ratio: 1.46 (95% CI 0.95 - 2.24)
Based on data from 2 studies

Odds ratio: 1.61 (95% CIl 0.92 - 2.83)
Based on data from 2 studies

Odds ratio: 1.02 (95% CI 0.98 - 1.07)
Based on data from 1 study

Odds ratio: 1.39 (95% C1 0.88 - 2.19)
Based on data from 3 studies

Odds ratio: 1.01 (95% CI1 0.86 - 1.18)
Based on data from 5 studies

Odds ratio: 1.87 (95% CI1 0.89 - 3.94)
Based on data from 3 studies

Odds ratio: 1.74 (95% CI 0.95 - 3.19)
Based on data from 3 studies

Certainty of
the evidence

High

High

High

High

High

High

Moderate

Due to serious
inconsistency

Moderate
Due to serious
inconsistency

Moderate
Due to serious
imprecision
Moderate
Due to serious
imprecision
Moderate
Due to serious
imprecision
Moderate
Due to serious
imprecision
Moderate
Due to serious
imprecision
Low
Due to serious

inconsistency. Due to
serious imprecision

Very low
Due to serious

inconsistency. Due to
very serious imprecision

Very low
Due to serious

inconsistency. Due to
very serious imprecision

Modified from Clinical practice guidelines for influenza [Internet].

Summary

HIV, immunodeficiency, or immunosuppression is
associated with increased odds of hospitalization in
non-severe patients.

Malignancy is associated with increased odds of
hospitalization in non-severe patients.

Any neurological diseases are associated with
increased odds of hospitalization in non-severe
patients.

Pregnancy is associated with increased odds of
hospitalization in non-severe patients.

Any renal diseases are associated with increased
odds of hospitalization in non-severe patients.

Chronic respiratory diseases (unspecified) are
associated with increased odds of hospitalization in
non-severe patients.

Any cardiovascular diseases are probably associated
with increased odds of hospitalization in non-severe
patients.

Diabetes is probably associated with increased odds
of hospitalization in non-severe patients.

Age is probably associated with increased odds of
hospitalization in non-severe patients.

Asthma is probably associated with little or no
increase in hospitalization in non-severe patients.

Hypertension is probably associated with little or no
increase in hospitalization in non-severe patients.

Obesity is associated with little or no increase in
hospitalization in non-severe patients.

Anaemia is probably associated with little or no
increase in hospitalization in non-severe patients.

Males may have little or no increase in hospitalization
compared with females in non-severe patients.

We are uncertain whether any liver diseases are
associated with increased odds of hospitalization in
non-severe patients.

We are uncertain whether unspecified respiratory
diseases are associated with increased odds of
hospitalization in non-severe patients.

WHO;

2024.
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Table 8.2 Dosing of oseltamivir for treatment in patients with renal impairment

Creatinine clearance (mL/min) Dose of oseltamivir for treatment of influenza
> 60 75 mg twice daily

> 30 to 60 30 mg twice daily

> 10 to 30 30 mg once daily

<10 Not recommended. No data available
Haemodialysis patients 30 mg after each haemodialysis session
Peritoneal dialysis patients 30 mg single dose

There is insufficient clinical data available in those under 13 years of age with renal

impairment to be able to make any dosing recommendation.

Clinical practice guidelines for influenza [Internet]. WHO; 2024



Table 3. Recommended Oseltamivir and Peramivir Dose Adjustments for Treatment or

Chemoprophylaxis of Influenza in Adult Patients with Renal Impairment or End Stage

Oral Oseltamivir’

Intravenous Peramivir
(single dose)®

Renal Disease (ESRD) on Dialysis*

Creatinine
Clearance

Creatinine clearance 61 to 90 mL/min
Creatinine clearance 31 to 60 mL/min

Creatinine clearance 11 to 30 mL/min

ESRD Patients on Hemodialysis
Creatinine clearance <10 mL/min

ESRD Patients on Continuous
Ambulatory Peritoneal Dialysis*
Creatinine clearance <10 mL/min

Creatinine clearance =50 mL/min
Creatinine clearance 30 to 49 mL/min

Creatinine clearance 10 to 29 mL/min

ESRD Patients on Hemodialysis

Recommended Treatment
Regimen

75 mg twice a day

30 mg twice a day

30 mg once daily

30 mg after every hemodialysis cycle.
Treatment duration not to exceed
5 days*

A single 30 mg dose administered
immediately after a dialysis exchange

600 mg

200 mg

100 mg

Dose administered after dialysis at a
dose adjusted based on creatinine
clearance

Recommended
Chemoprophylaxis Regimen

75 mg once daily

30 mg once daily

30 mg every other day

30 mg after alternate hemodialysis
cycles’

30 mg once weekly immediately after
dialysis exchange

N/A

N/A

N/A

U.S CDC, Influenza, Access on June 3, 2026
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Body weight Dose of baloxavir
< 20 kg 2 mg/kg (as suspension)
20 kg to 79 kg 40 mg (tablet)

80 kg and over 80 mg (tablet)
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Study results and Seasonal influenza Zoonotic influenza

measurements
Absolute effect  Absolute Certainty Summary Absolute effect  Absolute Certainty  Summary
estimate per difference per  in effect estimate per difference per  in effect
1000 patients 1000 patients  estimates 1000 patients 1000 patients  estimates
Study results and measurements Absolute effect  Mean Certainty Summary
estimates, mean difference in effect
durationindays (95% Cl) estimates
Oseltamivir vs standard care  The lower the duration of 3-37 vs 5-00 -1.63 Low*T Oseltamivir might reduce duration of
or placebo hospitalisation, the better the (-2-81to -0-45) hospitalisation

In hospitalised patients with severe influenza, oseltamivir and peramivir might
reduce duration of hospitalization compared with standard care or placebo,

although the certainty of evidence is low.

The effects of all antivirals on mortality and other important patient outcomes are
very uncertain due to scarce data from randomized controlled trials.

GRADE=Grading of Recommendations Assessment, Development and Evaluation. *Rating decreased by one level for risk of bias. TRating decreased by one level for
imprecision.

Table 3: GRADE summary of findings for duration of hospitalisation for different comparisons

with zanamivir 1s very with Zanamivir Is very
uncertain uncertain

GRADE=Grading of Recommendations Assessment, Development and Evaluation. RR=risk ratio. *Rating decreased by three levels for imprecision. tRating decreased by one level for risk of bias.
fRating decreased by two levels for imprecision.

Table 2: GRADE summary of findings for mortality for different comparisons Lancet. 2024;404(10454):753-763
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Antivirals for treatment of severe influenza: a
systematic review and network meta-analysis of
randomised controlled trials

Ya Gao ', Gordon Guyatt 2, Timothy M Uyeki #, Ming Liu 7, Yamin Chen 4, Yunli Zhao %,
Yanjiao Shen ®, Jianguo Xu 7, Qingyong Zheng 7, Zhifan Li 2, Wanyu Zhao 2, Shuyue Luo ?,
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PMID: 39181595 PMCID: PMC11369965 DOI: 10.1016/S0140-6736(24)01307-2

Abstract

Background: The optimal antiviral drug for treatment of severe influenza remains unclear. To support
updated WHO influenza clinical guidelines, this systematic review and network meta-analysis
evaluated antivirals for treatment of patients with severe influenza.

Methods: We systematically searched MEDLINE, Embase, Cochrane Central Register of Controlled
Trials, Cumulative Index to Nursing and Allied Health Literature, Global Health, Epistemonikos, and
ClinicalTrials.gov for randomised controlled trials published up to Sept 20, 2023, that enrolled
hospitalised patients with suspected or laboratory-confirmed influenza and compared direct-acting
influenza antivirals against placebo, standard care, or another antiviral. Pairs of coauthors
independently extracted data on study characteristics, patient characteristics, antiviral characteristics,
and outcomes, with discrepancies resolved by discussion or by a third coauthor. Key outcomes of
interest were time to alleviation of symptoms, duration of hospitalisation, admission to intensive care
unit, progression to invasive mechanical ventilation, duration of mechanical ventilation, mortality,
hospital discharge destination, emergence of antiviral resistance, adverse events, adverse events
related to treatments, and serious adverse events. We conducted frequentist network meta-analyses
to summarise the evidence and evaluated the certainty of evidence using the GRADE (Grading of
Recommendations Assessment, Development and Evaluation) approach. This study is registered with

Discussion

In this systematic review and network meta-analysis, we found that oseltamivir and
peramivir might reduce duration of hospitalisation in patients with severe seasonal influenza
compared with placebo or standard care, but the evidence was of low certainty due to scarce
data from the small number of included randomised controlled trials, The effects of
oseltamivir, peramivir, or Zanamivir on mortality in patients with severe seasonal influenza
or severe zoonotic influenza compared with placebo or standard care are very uncertain,
Uncertainty also remains about the effects of oseltamivir, peramivir, and zanamivir on ICU
admission, We did not find evidence of differences in any adverse events or serious adverse

events among oseltamivir, peramivir, and zanamivir

\

FEPFRdm Z A Oseltamivir 2
Peramivir - o] gE)a/MEFR AKE -

Gao Y, Guyatt G, et al. Antivirals for treatment of severe influenza: a systematic review and network
meta-analysis of randomised controlled trials. The Lancet.2024;484(10454):753-63

Lancet. 2024;404(10454):753463
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Antiviral Medications for Treatment of Norn
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YaGao ' 2 2 4 yunli Zhao 5 ©, Ming Liu ? 4, Shuyue Luo 7 &, Yamin Chen @ 12,
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PMID: 39804622 PMCID: PMC11877164 DOIL 10.1001/jamainternmed.2024.719:

Abstract
Importance: The optimal antiviral drug for treatment of nonsevere influenza rema
Objective: To compare effects of antiviral drugs for treating nonsevere influenza.

Data sources: MEDLINE, Embase, CENTRAL CINAHL, Glabal Health, Epistemaniko:
ClinicalTnals.gov were searched from database inception to September 20, 2023,

Study selection: Randomized clinical trials comparing direct-acting influenza antiviral drugs to x
placebo, standard care, or another antiviral drug for treating people with nonsevere influenza. ﬂ’ {E % ’l g J ‘fﬁ48’] \ HTJ’ W E

Conclusions

In patients with nonsevere influenza, compared with standard care or placebo, the RD in
high-risk patients being admitted to hospital was greatest with baloxavir (-16 per 1000)
compared with -4 per 1000 patients for oseltamivir and 4 per 1000 patients for zanamivir,
but the wide CI suggests low certainty of this effect. Baloxavir likely reduces time to
alleviation of symptoms by 1.02 days, does not increase adverse events related to treatment,
but it may be associated with the emergence of resistance in approximately 10% of those
treated. Oseltamivir was found to have little or no effect on mortality and admission to
hospital, likely has no important effect on time to alleviation of symptoms, and likely
increases risk of adverse events related to treatment. All other antiviral drugs are either

likely not to be beneficial or have uncertain effects on patient-important outcomes.

Djata extraction and syrnﬂ'lfsis: Pairred reviewers invr‘iependentlj,f performed datalertractiorjw and risk of O Se Ita m IVI r gﬁi Ba onaVI r H T ﬁb&ﬁ Hr ;;Ik

bias assessment. A frequentist network meta-analysis was performed to summarize the evidence and

the certainty of evidence was evaluated using the GRADE approach.

1S4EISE - 7 RIo]4ExE0.74841.02K

Main outcomes and measures: Mortality, admission 1o hospital, admission o the intensive care unit,
duration of hospitalization, time to alleviation of symptoms, emergence of resistance, and adverse

events.

Results: Overall, 73 trials with 34 332 partiapants proved eligible, Compared with standard care or
placebo. all antiviral druas had little or no effect on mortalitv for low-risk patients and hiah-risk

Gao Y, Zhao Y, Liu M, et al. Antiviral Medications for Treatment of 72 Nonsevere Influenza: A Systematic Review and Network MetaAnalysis.JAMA, 2025;185(3):293-301 84
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Abstract

Importance: The optimal antiviral drug for treatment of nonsevere influenza remains unclear.
Objective: To compare effects of antiviral drugs for treating nonsevere influenza.

Data sources: MEDLIMNE, Embase, CENTRAL, CINAHL, Global Health, Epistemonikos, and
ClinicalTrials.gov were searched from database inception to September 20, 2023.

Study selection: Randomized clinical trials comparing direct-acting influenza antiviral drugs to
placebo, standard care, or another antiviral drug for treating people with nonsevere influenza.

Data extraction and synthesis: Paired reviewers independently performed data extraction and risk of
bias assessment, & frequentist network meta-analysis was performed to summanze the evidence and
the certainty of evidence was evaluated using the GRADE approach.

Main outcomes and measures: Mortality, admission to hespital, admission to the intensive care unit,
duration of hospitalization, time to alleviation of symptoms, emergence of resistance, and adverse
events,

1 55 fiF [ P (K] - By BSE B 28 -
Oseltamivir 2 Baloxavir #;EF&{EE
PREk LT &=

Mortality

Forty-one trials including 23 892 patients reported mortality. High certainty evidence
showed that, compared with standard care or placebo, 7 antiviral drugs (ie, baloxavir,
favipiravir, laninamivir, oseltamivir, peramivir, umifenovir, zanamivir) had little or no effect
on mortality in low-risk (RD varied from -0.12 to -0.02 per 1000) or high-risk (RD varied
from -1.22 to -0.24 per 1000) patients (Table 1, Table 2, Table 3; eAppendix 11 in
Supplement 1).

Admission to ICU

Two trials with 1626 patients provided data on admission to ICU for oseltamivir and
peramivir. Compared with standard care or placebo, oseltamivir had little or no effect on
admission to ICU (RD, -2 per 1000; 95% CI, -7 to 3; high certainty). We are uncertain
whether peramivir reduced admission to the ICU (Table 3).

Time to Alleviation of Symptoms

Fifty-nine trials enrolling 24 086 patients reported time to alleviation of symptoms.
Compared with standard care or placebo, baloxavir showed an MD in symptom duration of
1.02 days shorter (95% CI, —-1.41 to —0.63; moderate certainty); umifenovir showed an MD in
symptom duration of 1.10 days shorter (95% CI, -1.57 to —-0.63; low certainty); whereas
oseltamivir (MD, -0.75 days; 95% CI, -0.93 to -0.57; moderate certainty) and zanamivir
(MD, —-0.68 days; 95% CI, -0.93 to —0.43; moderate certainty) had a mean decrease in
symptom duration of less than 1 day (Table 1, Table 2, Table 3; eAppendix 11 in Supplement
1).

Gao Y, Zhao Y, Liu M, et al. Antiviral Medications for Treatment of 72 Nonsevere Influenza: A Systematic
Review and Network MetaAnalysis.JAMA, 2025;185(3):293-301 85



Cinical scenario 3
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Table 1.

Are up to 2 Weeks Postpartum®

Influenza Antiviral Dosing for Treatment of Influenza A and B Virus Infections: Recommendations Including Pregnant Women and Women who

Route Recommendations
of Ad- for Women who Groups for Which
Antiviral minis- Indica- Are Pregnant or Antiviral Is Not Re-
Therapy tration tion Dose Duration Postpartum Adverse Events commended
Oseltamivir®  Oral Treat- Patients 1 y to 17 y: <15 kg 5 d; longer treat- Pregnant women Nausea, vomiting, INJA
ment - 30 mg twice daily ment may be and women who headache;
>15-23 kg — 45 mg twice required for are up to 2 wk postmarketing re-
daily >23-40 kg - 60 mg severely il postpartum ports of serious skin
twice daily >40 kg-75 mg patients per (including after reactions and spo-
twice daily Patients =18 clinical judg- pregnancy loss) radic, transient neu-
y: 75 mg twice daily ment of any age ropsychiatric events
Zanamivir® Inhaled  Treat- Patients =7 y: 10 mg (two 5d Pregnant women Risk of bronchospasm, People with chronic
ment 5-mg inhalations) twice and women who sinusitis, dizziness; respiratory dis-
daily are up to 2 wk postmarketing re- ease including
postpartum ports of serious skin asthma and COPD
(including after reactions and spo- and patients with
pregnancy loss) radic, transient neu- a history of allergy
of any age ropsychiatric events to milk protein
Peramivir® Intrave-  Treat- Patients 2-12 y of age: 1d; longer treat-  Pregnant women Diarrhea; N/A
nous ment 12-mg/kg dose once; up ment may be and women who postmarketing re-
to 600 mg maximum required for are up to 2 wk ports of serious skin
infused over a minimum severely ill postpartum reactions and spo-
of 15 min Patients =13 patients {including after radic, transient neu-
y: 600 mg infused once pregnancy loss) ropsychiatric events
over a minimum of 15 of any age
min
Baloxavir® Oral Treat- Patients =12 y: 40-<80 kqg: 1d; longer treat- Not recommended  None more common Mot recommended
ment one 40-mg dose; =80 kg: ment may be for use in preg- than placebo in clin- for children aged

one 80-mg dose

required for
severely ill
patients

nant women
due to lack of
safety and effi-
cacy data

ical trials

<12 vy, pregnant
women, or for
chemoprophylaxis

Open Forum Infect Dis. 2021 Mar 20;8(6):0fab138.




Table 1.

and Women who Are up to 2 Weeks Postpartum?®

Recommendations

Influenza Antiviral Dosing for Treatment of Influenza A and B Virus Infections: Recommendations Including Pregnant Women

one 80-mg dose

required for
severely ill
patients

nant women
due to lack of
safety and effi-
cacy data

ical trials

Route Groups for Which
Antiviral of Ad- Indica- 105 Saner e Antiviral Is Not Re-
e 4 : ; Are Pregnant or
Therapy ministration  tion Dose Duration Postpartum Adverse Events commended
e . Treat- Patients 1yto 17y: <15kg  5d; longer treat- Pregnant women Nausea, vomiting, N/A
Ose |ta m VI r ment — 30 mg twice daily ment may be and women who headache;
>15-23 kg — 45 mg twice required for are up to 2 wk postmarketing re-
daily >23-40 kg — 60 mg severely ill postpartum ports of serious skin
twice daily >40 kg-75 mg patients per (including after reactions and spo-
twice daily Patients >18 clinical judg- pregnancy loss) radic, transient neu-
y: 75 mg twice daily ment of any age ropsychiatric events
. . Treat- Patients 27 y: 10 mg (two 5d Pregnant women Risk of bronchospasm, People with chronic
Za NaMmivir ment 5-mg inhalations) twice and women who sinusitis, dizziness; respiratory dis-
daily are up to 2 wk postmarketing re- ease including
postpartum ports of serious skin asthma and COPD
(including after reactions and spo- and patients with
pregnancy loss) radic, transient neu- a history of allergy
of any age ropsychiatric events to milk protein
. . Treat- Patients 2—-12 y of age: 1 d; longer treat- Pregnant women Diarrhea; N/A
Pe ra m |V| r' ment 12-mg/kg dose once; up ment may be and women who postmarketing re-
to 600 mg maximum required for are up to 2 wk ports of serious skin
infused over a minimum severely ill postpartum reactions and spo-
of 15 min Patients =13 patients (including after radic, transient neu-
y: 600 mg infused once pregnancy loss) ropsychiatric events
over a minimum of 15 of any age
min
. Treat- Patients =12 y: 40— <80 kg: 1 d; longer treat- Not recommended None more common N/A
Ba onaVI r ment one 40-mg dose; >80 kg: ment may be for use in preg- than placebo in clin-

Modified from Open Forum Infect
Dis. 2021 Mar 20;8(6):0fab138.
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Cinical scenario 4
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Baloxavir vs Oseltamivir -
Population-Level Impact and Resistance Risk

L Risk of Wi

Strategy Reduction in DALYs Lost > . of Widespreac
Resistance

Baloxavir

(20% of symptomatic 32.3% 26.4%

individuals >5 years)

Oseltamivir 19.5% 5. 4%

(same population)
Baloxavir + Oseltamivir 33.5% 10.2%

Disability-adjusted life-years (DALYs)  Within-Host Influenza Viral Dynamic Model

Baloxavir provides the greatest reduction in influenza burden, but at the cost of a
substantially higher risk of resistance emergence and community transmission.

J Infect Dis. 2025 Oct 17;232(Supplement_3):5299-5308



Table 1.

Probability of Antiviral-Resistant Variant Emergence Following
Treatment With Baloxavir, Oseltamivir, or the Combination of Both

Probability of Drug-Resistant Variant Emergence During Treatment?

Patient Rt b s ks Combination Therapy®
e Oseltamivir Baloxavir (Balokayir.Resistance)
aroyp A(HINT) A(H3N2) AHIN1) A(H3N2) A(HIN1) A(H3N2)
0-4y 16.1 VloT 14.1 23.8 : 6.0 10.1
C——— I
—— I
5-17y 2.8 2] 6.6 11.1 3 2.8 4.7
C——— I
>18y 1.7 0.8 2.2 9.7 |+ 0.9 4.1

limiting baloxavir to adults only or using it in a combined regimen with

oseltamivir

therapy in adults [30].

J Infect Dis. 2025 Oct 17;232(Supplement_3):S299-S308




World Health Organization (WHO) Global Influenza Surveillance and Response System (GISRS)

Table 2. The Proportion of Viruses With Reduced Susceptibility to Neuraminidase Inhibitors and Polymerase Acidic Endonuclease Inhibitor Analyzed by
World Health Organization Collaborating Centres

NAls, % (No./Total)

PA Endonuclease Inhibitor Baloxavir, % (No./Total)

Influenza Season  A(HTN1)pdm09 A(H3N2) B/Victoria B/Yamagata A(HTNT)pdm09 A(H3N2) B/Victoria B/Yamagata
2017-2018 1.5 (568/3937) 0.4 (21/5591) 1.1 (16/1415) 0.6 (27/4466) 0.2 (7/2969) 0.05 (3/5781) 0 (0/1020) 0.03 (1/3753)
2018-2019 0.7 (69/10371) 0.07 (4/6060) 0.7 (17/2364) 0.6 (7/1171) 0.3 (21/7015) 0.7 (51/7117) 0 (0/981) 0 (0/793)
2019-2020 1.3 (64/4827) 0.02 (1/5685) 0.6 (31/4820) 0 (0/250) 0.03 (2/5991) 0.2 (8/4431) 0.2 (8/4935) 0 (0/335)
2020-2021 0 (0/206) 0 (0/434) 0.07 (1/1375) ND 0.6 (1/178) 0 (0/373) 0 (0/693) ND
2021-2022 0.4 (4/1117) 0.05 (3/6067) 0.3 (7/2714) ND 0 (0/748) 0.07 (3/4551) 0 (0/1216) ND
2022-2023 0.5 (36/6913) 0.01 (1/8838) 0.4 (13/3278) ND 0.06 (2/3388) 0.3 (19/5596) 0.5(11/2188) ND

Abbreviations: NAl, neuraminidase inhibitor; ND, not detected; PA, polymerase acidic.

Susceptibility to neuraminidase inhibitors (NAls) is analyzed using neuraminidase activity-based assays with small synthetic

substrates

Susceptibility to baloxavir is determined using replication-based assays.

Proportion of viruses with reduced susceptibility to NAls and the PA endonuclease inhibitor
baloxavir analyzed by WHO CCs since the 2017-2018 season.

J Infect Dis. 2025 Oct 17;232(Supplement_3):5273-5285.



Table 3. The Most Common Amino Acid Substitutions Associated With Antiviral Resistance and Their Impact on Susceptibility In Vitro

Susceptibility (ICgo/ECgp Fold Change)

NAIP PA Endonuclease

M2 Blocker® Inhibitor®
Amino Acid Substitution Type/Subtype Amantadine Oseltamivir Zanamivir Peramivir Laninamivir Baloxavir
M2-S31N A >100
NA-H275Y¢ A(HTN1)pdmO09 HRI (221-1637) NI (1-6) RI/HRI (50-751) NI (1-2)
NA-E119V¢ A(H3N2) RI/HRI (18-2057) NI (1-7) NI (1-3) NI (3-4)
NA-R292K¢ A(H3N2) HRI (>10000) NI/RI/HRI (3-134) RI/HRI (14-719) NI (2-3)
PA-138T A(H3N2) 20-614

Abbreviations: ECsg, 50% effective concentration; HRI, highly reduced inhibition; 1Cgg, 50% inhibitory concentration; NA, neuraminidase; NAI, neuraminidase inhibitor; NI, normal inhibition;
PA, polymerase acidic; Rl, reduced inhibition.

FAssessed by cell culture—based assays. |ICsq fold changes were calculated compared to wild-type virus.

“Assessed by NA inhibition assays. ICs, fold changes relative to wild-type virus or type/subtype-specific median values are shown in parentheses.

“Assessed by cell culture—based assays. ECsp fold changes were calculated compared to matched control virus or type/subtype-specific median values.

dNumbering is based on the NA subtype.

J Infect Dis. 2025 Oct 17;232(Supplement_3):5273-5285.



R E R LR (Oseltamivir) M md R A% %

20254F55 423 (2025/10/12— 2025/10/18) 2024 455 42 3 (2024/10/13 — 2024/10/19)
Pl Ryl ik ¥ W FHLR M, n (%) TR ) o B B mELRME, n (%)
A (HIN1) 780 59 (7.6%) A (H1N1) 415 13 (3.1%)
A (H3N2) 234 0 (0.0%) A (H3N2) 499 2 (0.4%)
B 179 0 (0.0%) B 270 1(0.4%)

2023 # % 42 ¥ (2023/10/15 - 2023/10/21)

2025 # % 44 i (2025/10/26- 2025/11/1 B, n (%
* ( ) HE 3] Heshe$ () AEARE, 0 (%)
TR A B e B RELEM, N (%) Oseltamivir
A (HIN1) 4 0 (0.0%) A (H1N1) 358 2 (0.6%)
A (H3N2) 22 0 (0.0%) A (H3N2) 675
B 1 0 (0.0%) B Y

2025# % 45 ¥ (2025/11/2- 2025/11/8)

iRl A Be HEILEME, n (%)
A (H1N1) 7 0 (0.0%)
A (H3N2) 33 0 (0.0%)

B 1 0 (0.0%)

SIIN = IR = V) >
R BT N



Cinical A Real Scenario... What Should We Do Next?
scenario 5

Her husband Her wife
72-year-old man 72-year-old woman

Close contact
for > 24 hours

4 Fever | sleep, eat,
and live
@ cough with him...
< & Myalgia .V}/Iilllget?
Wi/ influenza’

Fatigue

v No fever

~ « No cough
" v No symptoms
iapid nflueaze tect smm Seme  gfy Shared daily Should | take medicine
Influenza A (+) B M@ to prevent influenza?
Should she receive
W post-exposure prophylaxis (PEP)?

Exposure to influenza can happen at home.

The next step: Should we consider antiviral prophylaxis?



Persons exposed to seasonal influenza viruses

Prophylaxis should be administered as early as possible, and within 2 days of exposure.

Table 9.7 Dosing of oseltamivir for post-exposure prophylaxis of seasonal influenza

Age

Adults and those 13 years and over

Body weight

> 40 kg

Dose of oseltamivir for post-
exposure prophylaxis of seasonal
influenza

75 mg once daily for 10 days

Children from 1 year up to 13 years

10 kg to 15 kg

30 mg once daily for 10 days

> 15 kg to 23 kg

45 mg once daily for 10 days

> 23 kg to 40 kg

60 mg once daily for 10 days

> 40 kg

75 mg once daily for 10 days

Children under 1 year

3 mg/kg once daily for 10 days

Clinical practice guidelines for influenza [Internet]. WHO; 2024



Persons exposed to seasonal influenza viruses - Oseltamivir

Conditional recommendation against

For asymptomatic persons, who are NOT at extremely high risk of severe illness if
they develop influenza and who are exposed to seasonal influenza viruses in the
prior 2 days, we suggest not administering oseltamivir (conditional

recommendation, moderate quality evidence). Reduce the risk of developing laboratory-confirmed
influenza by approximately 5%.

e Antiviral post-exposure prophylaxis does not replace vaccination.

e Extremely high-risk patients are considered those patients over 85 years old

with or without risk factors for severe disease or younger patients with
multiple risk factors.

Clinical practice guidelines for influenza [Internet]. WHO; 2024



Persons exposed to seasonal influenza viruses - Zanamivir

Conditional recommendation for

For asymptomatic persons, who are at extremely high risk of severe illness if they
develop influenza and who are exposed to seasonal influenza viruses in the prior

2 days, we suggest administering zanamivir (conditional recommendation,

moderate quality evidence). @ 10 mg by inhalation daily for 10 days

e Antiviral post-exposure prophylaxis does not replace influenza vaccination.

e Extremely high-risk patients are considered those patients over 85 years old

with or without risk factors for severe disease or younger patients with
multiple risk factors.

Clinical practice guidelines for influenza [Internet]. WHO; 2024



Persons exposed to seasonal influenza viruses - Baloxavir

Conditional recommendation for

For asymptomatic persons exposed to zoonotic influenza viruses associated
with high mortality in humans or with an unknown risk of causing severe
disease in the prior 2 days, we suggest administering baloxavir (conditional

recommendation, low-quality evidence).

Body weight

 Zoonotic influenza A viruses that have I _ 20 kg

Dose of baloxavir

2 mg/kg (as suspension)

in humans when they become infected,
AH5NG) virus; and HPAI and LPAI A(H7 20 kg to 79 kg

40 mg (tablet)

e Itis likely there will be uncertainty with 80 kg and over

80 mg (tablet)

potential clinical consequences or virulence.
e |tis likely that there is variable susceptibility of antiviral medications to
novel influenza A viruses so in vitro and clinical studies will remain

necessary.

Clinical practice guidelines for influenza [Internet]. WHO; 2024



Influenza antivirals for
post-exposure

prophylaxis

Amantadine:
Galbraith (1969)
Galbraith (1969)
Pooled

Rimantadine:
Hayden (1989)
Bricaire (1990)
Pooled

Zanamivir (inhaled) :
Hayden (2000)
Kaiser (2000)
Monto (2002)
Pooled

Oseltamivir:
Welliver (2001)
Hayden (2004)
Pooled

Laninamivir:
Kashiwagi (2013)
Kashiwagi (2016)
Nakano (2016)
Pooled

Baloxavir:
lkematsu (2020)

Pooled (overall)

+|ndex treated

MM

|ndex not treated/unclear

93% (-20%, 100%)
20% (-141%, 74%)

A

| 3

>

—»—

e —

40 60 80
Efficacy (%) Infect Dis. 2025 Oct 17;232(Supplement_3):5215-5226

71% (6%, 136%)

3% (-28%, 31%)
69% (35%, 86%)
37% (-28%, 102%)

79% (57%, 89%)
67% (-21%, 91%)
82% (68%, 90%)
81% (72%, 90%)

89% (71%, 96%)
68% (35%, 84%)
81% (61%, 101%)

77% (63%, 86%)
63% (30%, 80%)
46% (8%, 68%)

66% (49%, 84%)

86% (70%, 94%)
69% (57%, 82%)



(A) laboratory-confirmed influenza illness, (B) laboratory-confirmed influenza virus infection regardless of symptoms, (C)
influenza-like illness

A . _ . B C

Community «Semi-closed - Nursing home

Amantadine: Amantadine: Amantadine:
Wendel (1 73% (27%, 90% - % (28%, 68%
endel (1966) —— 3;" ( ::.BD:} Oker-Blom (1970) — 53% (28%, 68%) Oker-Blom (1970) 24% (4%, 40%)
Callmander {1968) -6% (-40%, 19%) Schapira (1971) - 48% (-7%, 75%)
Dker—BI-.t:m (1970) 71% (46%, 84%) Monto (1979) * 39% (7%, 61%) Mafta (1970) 91% (62%, 98%)
SmDrFI'dIHISEV (1870) 28% (6%, 45%) Pettersson (1980) . 37% (20%, 50%) Smorodintsev (1970) . 49% (37%, 58%)
Plesnik (1977) 18% (-18%, 43%) . o o
Quarles (1981) < o— 19% (-24%, 47%)
Monto (1979) 71% (38%, 86%) Doin (1982) 74% (4% 88%) Schapira (1971) > -12% (-60%, 21%)
Dolin (1982) 91% (64%, 98%) — 4 ef: 329; 61 vo Dolin (1982 8% (60%, 88%
Payler (1984) 90% (66%, 97%) Pooled T% (32%, 61%) olin {1982) 78% (80%, 88%)
Pooled 56% (31%, 80%) Rimantadine: Payler (1984) — e B3% (63%, 92%)
. _— Quarles (1981) < o 9% (-38%, 40%)
Rimantadine:
.  esor amor Pooled 55% (25%, 84%
Dolin (1982) 85% (59%, 95%) Doiin (1982) 66% (35%, 82%) el - ( )
Brady (1990) 86% (-12%, 98%) Crawford (children) (1988) 85% (51%, 95%) Rimantadine:
Pooled 85% (68%, 102%) Crawford (adults) (1988) 58% (-30%, 86%)
i oy o oy
zanamilvir: Brady (1990) 66% (22%, 85%) Dolin (1982) 65% (44%, 78%)
Monto (1999) 67% (39%, 83%) Pooled ===  60% (35%, 84%) Crawford (children) (1988) 86% (57%, 96%)
Gavenstein (2005 61% (12%, B2% .
Ambrozaiti {EDGS}I 0ge; ( 399, Ezﬂ; Zanamivir: Crawford (adults) (1988) 43% (-128%, 86%)
Q II${ } oﬂ E i o, ° L'r} SChlllmg “gga] azafﬂ (_419‘?}"" ggnfa} .
LaForce (2007) 23;? E::J; i;ﬁ Monto (1999) 31% (4%, 50%) Brady (1990) 1% (-56%, 49%)
e ° BT LaForce (2007) 25% (~13%, 50%) Monto (1995) 58% (7%, 84%)
Oseltamivir: a 8 a
Pooled - 29% (11%, 48%
Hayden (1999) 74% (53%, 88%) ( ) Pooled = 62% (39%, 86%)
Kashiwagi (2000) 85% (34%, 96%) Oseltamivir:
Peters {2001} 36%, [: 20%, GOJ.-’G} Hay‘den {1 999} 50% (31?"::-, 5?°f6:] Zanamivir:
Booy (2012) 37% (20%, 51%) Sande (2014) S0% (-48%, 37%) LaForce (2007) 10% (-11%, 27%)
Pooled 59% (34%, 83%) Pooled _— 50% {33%, 68%)
Pooled (overall) 61% (48%, 74%) Pooled (overall) < 49% (38%, 60%) Pooled (overall) = 52% (32%, 72%)
1 17 T 1T 11 [ T 1T 1 | I N L
-20 20 60 100 -20 20 60 100 -20 20 60 100
Efficacy (%) Efficacy (%) Efficacy (%)

J Infect Dis. 2025 Oct 17;232(Supplement_3):5215-5226



Thanks for your audience
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