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Topics to be covered
• Influenza only  Has a long history and can be used as a template 

for other respiratory viruses
• History of prophylactic studies  Remember that vaccine is the 

first prophylactic agent
• Seasonal and outbreak prophylaxis. Not really different  Start and 

stopping rules may be different but no effort to follow an 
exposure

• Post exposure prophylaxis  Will follow an exposure for a variable 
amount of time. Often studied in households to confirm success. 

• Prevention of transmission usually not the intent  Successful 
antiviral treatment may reduce spread. If clinical infection is 
prevented, there will be reduced or no transmission 





• Active in vitro and in animal models against both influenza A and B 
viruses

• Active against neuraminidases of all influenza A viruses tested (N1-
N9) 

• Given twice daily for 5 days in therapy, once daily for prophylaxis

• Zanamivir (GG167) Relenza

– topically applied sialic acid analog

• Oseltamivir (GS4104, Ro 04-0796) Tamiflu

– oral prodrug of GS4071, transition state

 analog

Neuraminidase Inhibitors  (NAIs)











Influenza Prevention in Household Studies with NAIs:
Involves Post-exposure Prophylaxis

Antiviral
(Study)

Season
 (Virus)

Reduction in 
Secondary Cases %

Resistance
Transmission

No Treatment of Index

Zanamivir
(Monto et al, 2002)

Oseltamivir
(Welliver et al, 2001)

2000-01
(A/H3N2, B)

1998-99 (A/H3N2, B)

81% 

89%

—

—      

With Treatment of Index

Zanamivir*
(Hayden et al, 2000) 

†Oseltamivir
(Hayden et al, 2004)

1998-99 (A/H3N2, 
A/H1N1)

2000-01
(A/H3N2, B)

79%

85%

No

No

*Prophylaxis is given ≥ 5 years.
†Excludes contacts positive for influenza prior to prophylaxis.









Baloxavir is a new antiviral treatment option 
for influenza

Viral release

Viral mRNA transcription 
/ viral RNA replication

Nucleus

Viral assembly 
and budding

Respiratory epithelial cell

Cap-dependent endonuclease inhibitor
baloxavir

Viral protein
synthesis

Baloxavir is the first globally-approved 

compound in a new class of antiviral drugs 

(cap-dependent endonuclease inhibitors) that 

inhibit the influenza viral life cycle at an early 

stage

Viral adhesion 

and entry
Membrane

fusion



Impact of baloxavir and oseltamivir on viral load
M

e
an

 c
h

an
g

e 
fr

o
m

 b
as

el
in

e
 in

 
vi

ra
lt

it
re

 (
lo

g 1
0

T
C

ID
5

0/
m

L)

1 7 983 62 54

–4

–2

0

1

–5

–3

–1

* * *
*

Baloxavir (n=427)

Placebo (n=210)

Study day

Change in viral titres: baloxavir vs placebo

M
e

an
 c

h
an

g
e 

fr
o

m
 b

as
el

in
e

 in
 

vi
ra

lt
it

re
 (

lo
g 1

0
T

C
ID

5
0/

m
L)

*

1 7 983 62 54

–4

–2

0

1

–5

–3

–1

*

Baloxavir (n=352)

Oseltamivir (n=359)

Study day

Change in viral titres: baloxavir vs oseltamivir†

In the CAPSTONE-1 study of otherwise-healthy adults with uncomplicated 
influenza, baloxavir substantially reduced viral loads as measured by TCID50, 

faster than with placebo and oseltamivir

Secondary endpoint. ITTI population. First dose given on study day 1
*p<0.05 vs placebo or oseltamivir; †Adults aged 20–64 years
Baloxavir marboxil is authorised in the European Union. Not marketed in Spain.
ITTI, intention-to-treat infected; TCID50, tissue culture infectious dose
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*Primary analysis population (PAS-HHC), defined as all full trial unvaccinated HHCs associated with an IP who was RT-PCR–positive for influenza and received trial drug, with 
all HHCs in the household RT-PCR–negative for influenza at baseline; †Primary endpoint and key secondary efficacy endpoint; ‡Additional secondary efficacy endpoints
HHC, household contact; IP, index patient; OwH, otherwise healthy; PAS-HHC, primary household contacts analysis set
RT-PCR, reverse transcription polymerase chain reaction NCT03969212 (CENTERSTONE)

▪ Severe influenza virus infection requiring hospitalisation 

▪ SARS-CoV-2 infection

▪ Pregnant or breastfeeding

▪ Lives with any HHCs who meet HHC exclusion criteria

Baloxavir

Placebo

1

1

HHCs

▪ Aged ≥2 years

▪ Symptom free 

▪ Negative for 

influenza (RT-PCR)

N=2,030
evaluable HHCs*

HHC screening (≤24 hours)

IPs

▪ Aged ≥5 to ≤64 years

▪ OwH

▪ RT-PCR–confirmed influenza

▪ ≤48 hours from symptom onset

N=1,130

1:1

Day 0/1 Days 1–4 Day 5†‡ Days 6–8 Day 9‡

IP swab

(Day 3)

Unscheduled 

visit to swab 

if called in 

symptomatic

IP swab

(Day 5)

Nurse visit 

to swab 

and assess 

symptoms

Unscheduled 

visit to swab 

if called in 

symptomatic

IP swab

(Day 9)

Nurse visit 

to swab 

and assess 

symptoms

Key exclusion criteria (IPs) Key exclusion criteria (HHCs)

▪ Immunocompromised

▪ SARS-CoV-2 infection

▪ Pregnant or within 2 weeks post-partum

NCT03969212

CENTERSTONE: a Phase IIIb, randomised, placebo-controlled 
transmission trial in OwH IPs
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*Additional secondary efficacy endpoints were evaluated, including transmission of influenza virus by household
†Key secondary efficacy endpoint, defined as the proportion of HHCs meeting the primary endpoint AND either: temperature ≥38.0 °C plus one respiratory symptom, or one respiratory symptom plus one 
general systemic symptom, with or without fever (in HHCs aged ≥12 years); or temperature ≥38.0 °C plus signs or symptoms of a URTI (in HHCs aged <12 years)
‡Day 9 transmission includes transmission events by Day 5 and transmission events after Day 5 that are limited to possible ter tiary transmissions (with other HHCs positive for the primary endpoint by Day 5) 
or transmissions with the HHC influenza virus bearing a PA/I38X or PA/T20K substitution
¶Assessed as the fourth of nine secondary efficacy endpoints in the hierarchical testing sequence
AE, adverse event; HHC, household contact; IP, index patient; PA, polymerase acidic; RAS, resistance-associated substitutions; RT-PCR, reverse transcription polymerase chain reaction
SAE, serious adverse event; URTI, upper respiratory tract infection

Primary endpoint: transmission of influenza virus by Day 5

Proportion of RT-PCR–positive HHCs by Day 5 following IP treatment, with a virus subtype consistent with that of the IP

Secondary efficacy endpoints*

Transmission of influenza virus resulting in symptoms by Day 5†

Transmission of influenza virus by Day 9‡¶

Safety endpoints

Frequency, severity and timing of AEs and SAEs in IPs

Exploratory endpoint

Proportion of IPs and HHCs with viruses harbouring RAS

The primary endpoint was transmission of influenza virus 
by Day 5



Baloxavir showed a statistically significant and clinically meaningful 
reduction in transmission of influenza virus by Day 5 compared with placebo
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PAS-HHC population
*Proport ion of RT-PCR–positive HHCs by Day 5 following IP treatment, with a virus subtype consistent with that of the IP. Analysis based on a generalised estimating equations (GEE) approach, account ing for clustering within households and the randomisation strat if ication factors; †An adjusted 
significance level of 0.0462 was used to account for the efficacy interim analysis. Confidence intervals were also adjusted; ‡Assessed as the fourth of nine secondary efficacy endpoints in the hierarchical testing sequence
¶Not stat ist ically signif icant as a preceding endpoint in the test ing hierarchy did not reach statistical signif icance; the confidence intervals may not be used in place of hypothesis testing
aOR, adjusted odds rat io; aRRR, adjusted relative risk reduction; CI, confidence interval; HHC, household contact; IP, index patient
PAS-HHC, primary household contacts analysis set;  RT-PCR, reverse transcription polymerase chain react ion

Transmission of influenza virus by Day 5*

IPs HHCs

Adjusted incidence of transmission

13.4%
(N=1098 HHCs)

Adjusted incidence of transmission

9.5%
(N=1118 HHCs)

Baloxavir 

arm IP

Placebo 

arm IP
N=544

N=548

29% aRRR with baloxavir 

(95.38% CI, 12–45%)

aOR: 0.68 (95.38% CI, 0.50–0.93), 

p=0.013†

▪ A clinically meaningful reduction was also observed with baloxavir by Day 9‡

– Adjusted incidence of transmission: placebo, 15.4% (N=1038 HHCs) vs baloxavir, 10.8% (N=1081 HHCs)

– 30% aRRR with baloxavir (95.38% CI, 12–44%); aOR: 0.66 (95.38% CI, 0.48–0.91)¶



Occurrence of oseltamivir and baloxavir resistance 
among surveillance samples is extremely low

WHO GISRS: frequency of resistance among circulating viruses between September 2018 and August 
2024

All viruses

0.15%
(41/28,227)

A/H1N1pdm09

0.09%
(8/9,066)

A/H3N2

0.26% 
(33/12,638)

B

0%
(0/6,523)

All viruses

0.33%
(176/53,496)

A/H1N1pdm09*

0.61%
(131/21,339)

A/H3N2†

0.02%
(4/20,618)

B‡

0.36%
(41/11,539)

Oseltamivir Baloxavir

*Between January and September 2022, 5 viruses were found to have the H275Y mutation, which usually confers oseltamivir resistance; 

however, only 4 of these viruses were available for phenotypic analysis; †The WHO does not specify the number of oseltamivir-resistant 
A/H3N2 viruses for the period between February and September 2019; 
‡For the periods September 2019–January 2020, September 2021–January 2022 and September 2022–August 2023 the number of viruses 

resistant to NAIs is used; the WHO does not provide figures specifically for oseltamivir for this period



No cases of resistance-associated substitutions (RAS) 
were observed in HHCs

• No viruses with RAS were detected in IPs at baseline 

• The rate of treatment-emergent RAS in IPs was 7.2% (95% CI, 4.1–11.6%), consistent 
with previous trials, 
and transmission of viruses with RAS was not detected in any of the 27 associated HHCs 
(0%; 95% CI, 0.0–12.8%)

• No RAS was detected in the 1268 HHCs exposed to baloxavir-treated IPs, including 13 
IPs† who were shedding viruses with RAS

*IPs with paired baseline and post-baseline sequences
†Two of the IPs with treatment-emergent RAS did not enrol any HHCs into the trial
CI, confidence interval; HHC, household contact; IP, index patient; PA, polymerase acidic
RAS, resistance-associated substitutions

Treatment-emergent 

RAS in IPs*

Virus type/subtype, n (%) [95% CI]

A(H1N1)pdm09 (N=69) A(H3N2) (N=88) B (N=53) Total (N=208)

PA/I38X
5 (7.2) 

[2.4–16.1]

10 (11.4) 

[5.6–19.9]

0 (0)

[0–6.7]

15 (7.2)

[4.1–11.6]
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