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v In the last 20 years human infections by previously avian-only
subtypes H5, H7 and H9 have been consistently reported.
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Variability of influenza viruses

A(H3N2)
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REVIEWS

M) Check for updates

Next-generation influenza vaccines:
opportunities and challenges
Chih-Jen Wei', Michelle C. Crank?, John Shiver®, Barney S. Graham?, John R. Mascola’ Flg. 1A spectrum ﬂfffﬁ['ﬂcy for influenza vaccines.

and Gary J. Nabely'=

Vaccine composition

Fram: Next meneration influenza vaccines: opportunities and challenges
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Influenza season

D'I i -
Strain-specific Circulating strains
Subtype-specific Multiple strains within a single HA subtype
Multi-subtype Multiple HA subtypes within group 1, group 2 or type B
Pan-group/lineage Group 1 or 2 influenza A or influenza B lineages
Universality
Universal flu A Influenza A
Universal flu A and B Influenza A and B
TRUE' universal All strains, Single product.
Multiple years. 1
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hange that bl ﬂ strnl to jump from
i is called “

Influenza viruses are constantly changing.

They can change in two different ways:

~ —
gl ol I

1IC «L »

- Antigenic «Shift»

same chicken pg(N e that reussotmets
occur in a person who is infected with two flu i s.)

While influenza viruses are changing by P ———

antigenic drift all the time, antigenic shift
happens only occasionally.

the gen I'rom I| bi d l mix
with genes from the human

Type A viruses undergo both kinds of
changes; influenza type B viruses change y i -
only by the more gradual process of
antigenic drift.
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From zoonosis to pandemia

Chracteristics of pandemic virus

v/ Replication in humans

v~ Susceptibility of human population

‘/ Human-human transmission
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From pandemia to seasonal flu

Lineage Yamagata

Influenza B (19407) Lineage Victoria

pH1N1 (2009)
—

H3N2 (1968)

H2N2 (1957)

H1N1 (1918) —— H1N1 (1977)
I %
1918 1940 1960 1980 2000
B influenza A group 1 virus *‘HT; — WA
. Influenza A group 2 virus I,_N-Ihl,h-:, £ Group 7~

influenza B

a4

Nachbagauer & Krammer, Clin Microbiol Inf, 2017
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A L I Series

Domestic animal

80 - amplification Zoonoses 1
70 - ‘ivﬁrsvﬁ I;-':I Wl spillover Ecology of zoonoses: natural and unnatural histories
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< s+ i 4 ] Wild animal cases

8 10 i et pimel cases

z 22; spillvs il Transmission of infection and amplification in people (bright red)
o £ B occurs after a pathogen from wild animals (pink) moves into
0 livestock to cause an outbreak (light green) that amplifies the

capacity for pathogen transmission to people

’ o animate

%0 - detecton R /

Forecasting

readiness Control benefits

[ Wild animal cases

0 Human cases

Numberof cases

Early detection and control efforts reduce disease incidence in
R people (light blue) and animals (dark green). Spillover arrows
Time (days) - shows cross-species transmission.
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Global Influenza Surveillance & Response System

GLOBAL INFLUENZA
SURVEILLANCE &
RESPONSE SYSTEM

iR The werkd in tie Tt sgainst inflasaza

Preparazione pandemica
Monitoraggio e allerta

SINCE 1952

Influenza
pandemica

Sorveglianza epidemiologica
— Stimare I'impatto della mallattia
— Definirne le caratteristiche epidemiologiche

Sorveglianza virologica

— Analizzare i virus stagionali circolanti

Influenza
stagionale

— Formulare le raccomandazioni per la composizione vaccino
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Potenziamento della sorveglianza virologica

&

eC0C

LALLM CIRTRS PO
X VT =
AN CONTRCL

TECHNICAL REPORT
Targeted surveillance to =
infections with avian i
the influenza season 202
September 2023

GUIDES AND TOOLS

Surveillance and targeted testing for the early
detection of zoonotic influenza in humans
during the winter period in the EU/EEA

October 2024

Monitoraggio virologico di:

* Persone ospedalizzate per sintomi
respiratori considerando anche il rischio
di esposizione ad animali malati/morti

* Casidi encefalite o meningoencefalite a
eziologia non nota

* Cluster di infezioni respiratorie gravi

In generale: qualsiasi campione positivo per
virus influenzale A ma negativo per i sottotipi
di virus influenzali stagionali deve essere
caratterizzato prontamente
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Preparazione pandemica e sorveglianza
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Potenziamento della sorveglianza virologica

Death
Sorveglianza delle forme respiratorie gravi da

terapie intensive (dal 2009) -

Sorveglianza delle sindromi respiratorie da Pronto Burgen

Soccorso (dal 2023)
Moderate
Sorveglianza delle sindromi simil-influenzali da

ambulatorio medico (dal 1999)

Sorveglianza attiva degli esposti a virus
aviari (dal 2020)

Inapparent

Sorveglianza delle acque reflue (2025)
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Current Flu season (2025-2026)

Period

2022-W25 to 2023-W24
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Week 40, 2014
to week 52, 2019
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Median

*[LI - influenza-like illness; ARI - acute respiratory infections
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THREAT ASSESSMENT BRIEF
Assessing the risk of influenza for the EU/EEA in
the context of increasing circulation of A(H3N2)
subclade K

20 November 2025

Virus

= |nfluanza
w— AH1)pdmO9
— A(H3)

Influenza B




Current Flu season (2025-2026)

MICROBIOLOGY and

Weekly detections by type/subtype and season

ILIARI virological

Type/subtype . A(H1)pdm09 . A[H3)
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GISAID).

Phylogenetic ison of A(H3N2)-lineage HA genes.
Sub-sampled GISAID EpiFlu submissions since 1 May 2025 as of 17 November 2025.
Reference strain (black) K2 N ’
Vacrine strain (red)
* WHO recommended vaodne wirus from the 2022 southern hemisphere to the 2023-2024 northern hemisphere nfluenza seasons T 1 3 5 K
** WHO recommended vacdine virus from the 2024 southermn hemisphere to the 2024-2025 northern hemisphere influenza seasons
*** WHO recommended vacdne virus from the 2025 southern hemisphere to the 2025-2026 nosthern hemisphere nfluenza seasons f
*#*+* WHO recommended vacdne virus for the 2026 southern hemisphere infuenza season K ( Ormer J 2 4 1)
Collection dates: S1 44N
-------- N158D
Se:vte"'.'mer

Der

The newly emerged A(H3N2) subclade K (former J.2.4.1) belong to the dominating clade 2a.3a.1 and have K2N, T135K,
S144N(+CHO), N158D, 1160K, Q173R, K189R, T328A and S378N (haemagglutinin subunit 2: S49N) substitutions in
haemagglutinin gene compared to A/Croatia/10136RV/2023, which is the WHO recommended eggpropagated vaccine virus
for the 2025-2026 northern hemisphere influenza season.
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Current Flu season (2025-2026) strain in Pavia

*IWHO recommended vaccing virus fom the 2022 souther hemisphire fo the 2023-2024 northern hemisphere inflignza season
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Cell

REVIEWS

Next-Generation Sequencing: An Eye-Opener
for the Surveillance of Antiviral Resistance

N Influenza

ET THE FLU SHO

1. viral RNA 7§
f ’\ - E;(S)RYE()L"*E FLU Laura A.E. Van Poelvoorde,?3%5% Xavier Saelens,>* Isabelle Thomas,?® and
" =7 #U D3, cRNA synthesis . Nancy H. Roosens' 5
\'~.4;? FIGE = replication
= o e il Van Poelvoorde, Laura A E et al. “Trends in biotechnology vol.

38,4 (2020): 360-367. d0oi:10.1016/j.tibtech.2019.09.009

Although vaccines are considered the best way to prevent influenza, the limited use and
their generally poor effectiveness in the elderly (nttps://www.cde.gov/flu/about/qalvaccineeffect.htm) 1MPLy
that efficient antiviral drugs are needed as a complementary or alternative line of defense.

Monitoring and detecting mutations in the influenza virus genome by NGS, especially
those that confer antiviral resistance, is of paramount importance to public health
surveillance. As the use of antiviral drugs continues to grow, more cases of drug-resistant

viruses are expected to occur.
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* The HA proteins of the human seasonal H1 and H3 virus subtypes
mainly recognize receptors with terminal a-2,6-SA moieties, which are
found on bronchial epithelial cells of the human upper respiratory tract

(URT).

* By contrast, Avian viruses bind predominantly to galactose linked to a-
2,3-SA54, which is found abundantly on epithelial cells in the intestine
of birds and in the lower respiratory tract (LRT) of humans.

A single mutation in bovine influenza H5N1
hemagglutinin switches specificity to
human receptors

A

Ting-Hui Lin', Xueyong Zhu', Shengyang Wang™>, Ding Zhang’, Ryan McBride™, Wenli Yu',
Simeon Babarinde!, James C. Paulson®3*, lan A. Wilson'*

In 2024, several human infections with highly pathogenic clade 2.3.4.4b bovine influenza H5NI viruses

in the United States raised concerns about their capability for bovine-to-human or even human-to-human
transmission. In this study, analysis of the hemagglutinin (HA) from the first-reported human-infecting bovine
H5NL virus (A/Texas/37/2024, Texas) revealed avian-type receptor binding preference. Notably, a Gin***Leu

Relative receptor expression trend

Sub-epithelium

segmental
bronchus

respiratory
bronchioles

alveolar

https://doi.org/10.1186/1746-6148-6-4

suton switched Texas HA binding specifiity to human-type patvvisegiironsspead] DIRECT CONTACT TRANSMISSION REsmeomu:i:Ps:nmusmssmm
combined with an Asn?*Lys mutation. Crystal structures of the Texas HA with avian receptor analog LSTa and :‘D::;:i'w ;‘;:I:: szj; | oy m
its Gin?Leu mutant with human receptor analog LSTc elucidated the structural basis for this preferential ~_*
receptor recognition. These findings highlight the need for continuous surveillance of emerging mutationsin £ ° /"—_\\
avian and bovine clade 2.3.4.4b H5N1 viruses. % 5|::;:: lin a:;d
0 a-1.3
T linked 54 " 23 Ilnhnd
HA Gln226 - Leu ' é‘ i
Shift from a-2,3-SA to a-2,6-SA B, = >
Thus, it is important to continue to monitor for signs of such changes
in the currently circulating HSN1 viruses https://doi.org/10.1002/embj.201387442
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} frontiers _ REVIEW
in Veterinary Science 10,3360 vete, 201 800347

Adaptation of Human Influenza .
Viruses to Swine ,

Daniela S. Rajao ™, Amy L. Vincent® and Daniel R. Perez’ - —
i a2,3-linked SA | 02.6-inked SA ‘

Department of Popuwiation Health, Universily of Georgia, Athens, GA, Unifed States, * Virus and Prion Research Unit,

USDA-ARS, National Animal Disease Center, Ames, 14, United States

FIGURE 1 | Overall distribution of a2 6-linked sialic acid (54; green long ammow) and a2,3-linked SA (blue short arrow) in the epithelium of the respiratory tract of pigs
(18, 19) and humans (14, 15). Adapted from de Graaf and Fouchier (20).

A large diversity of influenza A viruses (IAV) within the H1N1/N2 and H3N2 subtypes circulates in pigs
globally, with different lineages predominating in specific regions of the globe. A common characteristic of
the ecology of IAV in swine in different regions is the periodic spillover of human seasonal viruses.

Such human viruses resulted in sustained transmission in swine in several countries, leading to the
establishment of novel |AV lineages in the swine host and contributing to the genetic and antigenic
diversity of influenza observed in pigs.

The frequent occurrence of reverse-zoonosis of IAV from humans to pigs that have contributed to the
global viral diversity in swine in a continuous manner, describe host-range factors that may be related to
the adaptation of these human-origin viruses to pigs, and how these events could affect the swine
industry.
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Swine H1 viruses

mD Dual-binding ar E G
—— G a2,3-SApreference | D 1 5'20%
N =N — =
 Other mE D G
T a2 6-5A preference . [ D
D E
n = 8076 n = 8076
Swine H3 viruses
226 228
b Dual-binding or G 0
- 228 s a2,3-SA preference <1%
L = Other
B Other
a2 6-54 preference L 5
L G
v 5
n = 2287 n= 2287
Swine H9 viruses
226 228
02,3-SA 295%
a 3-3A preference g G
226 L 228 G
Dual-binding or L 5
a2 6-5A preference
n=46 n=46

FIGURE 3 | Proportion of amino acids found in influenza A viruses circulating in pigs globally at the HA receptor-binding site positions previously shown to impact
receptor-specificity for H1, H3, and HI. Analysis was performed using the Influenza Research Database Sequence Variation (SNP) tool (44). Sequences with 100%
identity were removed resulting in a set of 8076 H1 HA, 2287 H3 HA, and 46 H9 HA swine |AV sequences. The amino acids previously shown to change
receptor-binding specificity are displayad on the right.
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Swine influenza virus infection in humans: NGS approach

Emerging Infectious Diseases * www.cdc.gov/eid * Vol. 21, No. 7, July 2015

DISPATCHES RAPID COMMUNICATIONS

Swine Influenza A(H3N2) Virus Infection Swm.e .1nﬂuenza A (H1N1)'V1rus (SIV). infection
in Immunocompromised Man, Italy, 2014 requiring extracorporeal life support in an

immunocompetent adult patient with indirect exposure

Antonio Piralla, Ana Moreno, Maria Ester Orlandi, subtypes HIl and H3, as well as avian influenza subtype .
Elena Percivalle, Chiara Chiapponi, H7N9, were unsuccessful. tO Plgs, ItalY) OCtObel‘ 2016
Fausto Vezzoli, Fausto Baldanti, The clinical sample was inoculated onto a mixed-cell
and the Influenza Surveillance Study Group! (Mv1Lu and A549 cells) monolayer. After 48 h incubation,

i cnnrad manitive aeine n manaslanal antihads cnanifia far F Rovida *2, A Piralla 2, FC Marzani 2, A Moreno #, G Campanini !, F Mojoli 35, M Pozzi 2, A Girello 1, C Chiapponi ¢, F Vezzoli?, P
Prati ®, E Percivalle , A Pavan ®, M Gramegna*, GA lotti 25, F Baldanti**
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sHED 05 January 2024

& frontiers | Frontiers in
001 10.3389/fcimb 2023 1232772

Bizgass Zoonosis and
zooanthroponosis of

o W emerging respiratory viruses

Zhej

Ahmed Magdy Khalil*?, Luis Martinez-Sobrido™
and Ahmed Mostafa™™

are according

IAVs categorized

intermediate or ancestor animal host species into

avian influenza viruses (AlVs), equine
viruses (EIVs),
swine influenza viruses

influenza-like viruses (BIVs).

(SIVs) or
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canine influenza viruses (CIVs),

(a)

Disease

Swine
Influenza

Canine
influenza

Avlan Equine
Influenza Influenza

Digadsa
Causing
Organism

LaVs LAY
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Bat-origin
Influenza-like

lAN'g
(H17-H1E)

f‘f‘ L W B
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to their gatoy Wigratoy 9
birds birds binds birds
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Poultry Herge Harzel Dag
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Hast Cell al 3 aZk i lcr|2_.b_- i 026
linked i inked sialic I d =ialic
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]
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swire HTNT virus * %
2009 pandemic
(Triple reassartant) Swine influenza
virus
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Swine HINT virus \ *

o8 »

North American avian Warth Ameriesn
{unkawn subtype) Swine HINZ
(Triple reassortant)
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April 2025 - Avian Influenza Virus (AIV) H5N1 == ‘E“;%L‘:.fr%yf £8 oo

From 2003 to August 2025, a total of 972 cases and 470 deaths = ‘Vlrl!ms:""'".’.'.."éw 3

(CFR 52%) caused by influenza A(H5N1) virus have been mf;!ééﬁ:ﬂczsﬂn::” _H5NI
reported worldwide from 23 countries. The most recently i
reported case in humans prior to the current case, was in March
2024 in Viet Nam. The human case |n th reported

=P IE

in the region of the Americas, t w,»-» = e ase%vm e
b s
been reported in Chile ins
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Pandemic risk characterisation of zoonotic influenza A viruses -:-k ® Risk phenotypes | Human-to-human transmissibility Severity of human infection
using the Tool for Influenza Pandemic Risk Assessment (TIPRA) ] h e e £ N S
. pH and Virus Receptor Unknowns Subunit Drug Patho-
Reina Yamaji, Wenging Zhang, Akiko Kamata, Cornelia Adlhoch, David E Swayne, Dmitriy Pereyaslov, Dayan Wang, Gabriele Neumann, m TraltS temperature morphology binding stability resistance physiology
tolerance specificity

Gounalan Pavade, lan G Barr, Malik Peiris, Richard | Webby, Ron A M Fouchier, Sophie Von Dobschiitz, Thomas Fabrizio, Yuelong Shu, Magdi Samaan \ % M

1. Scores viruses across two dimensions Sequence
TIPRA evaluates a zoonotic influenza virus using two main axes:

(a) Risk of Emergence (how likely the virus is to gain sustained human-to-human transmission) and

(b) Potential Public-Health Impact (how severe a pandemic would be if it emerged).

2. Uses a set of predefined indicators

Each axis is broken down into quantitative and qualitative indicators (e.g., transmissibility in mammals, genetic
markers, human case severity, population immunity, global spread in animals). Experts assign standardized scores to
each indicator.

3. Relies on multidisciplinary expert judgment

TIPRA integrates evidence from virology, epidemiology, surveillance data, ecology, clinical severity, and immunology.
Experts review available data, discuss uncertainties, and assign final consensus scores for each indicator.

4. Produces a comparable “risk profile” across viruses

The tool summarizes the scoring into an emergence-risk score, an impact score, and an overall risk characterization,
allowing WHO and member states to compare different zoonotic influenza viruses, prioritize surveillance, and guide
preparedness actions.
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Pandemic risk characterisation of zoonotic influenza A viruses =
using the Tool for Influenza Pandemic Risk Assessment (TIPRA)

Reina Yamaji, Wengqing Zhang, Akiko Kamata, Cornelia Adlhoch, David E Swayne, Dmitriy Pereyaslov, Dayan Wang, Gabriele Neumann,
Gounalan Pavade, lan G Barr, Malik Peiris, Richard ] Webby, Ron A M Fouchier, Sophie Von Dobschiitz, Thomas Fabrizio, Yuelong Shu, Magdi Samaan

@ HSNG (2016)

© HSN6 clade 2.3 4.4 (2018)
@ H5N1 clade 2.3.2 1 (2020)
@ H5Nx clade 2.3.4.4b (2021)

@ HON2 (2016)
@ H9N2 G1lineage (2019)

@ HON2 BJ94-like or Y280-like lineage (2019)

Impact score

Review

CrossMark

© H7Ng (2016)

@ H7NG (2017)

@ H1N1 TRIG (Population immunity - likelihood;
lower bound) (2017) FE

@ H1N1 TRIG (Population immunity - likelihood;
upper bound) (2017)

@ HiN1 1€ lineage (2022)

Coan el i e s
| FE)
1

@ H5NE (2016)

© HENG clade 2 3.4.4 [2018)
B H5N1 clade 2.3.3 1c {20000

@ H5Mx dade 2 3 4.4k [2021)

@ HOM2 (2016)

@ HAM2 G1 lineage (2019)

o0

@ o oo e O
@ OO

o0 8o Qo

& HONZ BJ94-like or Y280-lie lineage (2019)

) H7Ng (2016)

@ HFMG [2017)

© H1N1 TRIG [2007)

@ HiN1 1€ lineage (2027}

@ o ooeRoc O

o *e0ow O

o
°
o
o
o
°
° °
@ ]
I o
®
.

oo @ O

*0 0 @

Lo

&8 0O0B0O

L #
1 T 1 I T T T I T T 1 T T T I I
2 25 3
MICROBIOLOGY and VIROLOGY DEPARTMENT

T ] 1
5 &5 6 65 7 75 8 85 9 95 10

Likelihood score

FONDAZIONE IRCCS POLICLINICO SAN MATTEO




Emergenet: Fast Scalable Pandemic Risk Assessment of
Influenza A Strains Circulating In Non-human Hosts
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d. Global prediction of IRAT scored for all Influenza A sequences collected since 2020
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