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Influenza A : H1-H16 and N1-N9
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✓ Historically, influenza A human infections have been caused by
three subtypes of hemagglutinin (H1, H2 and H3) and two
neuraminidase subtypes (N1 and N2)

✓ In the last 20 years human infections by previously avian-only
subtypes H5, H7 and H9 have been consistently reported.

H17
H18

N10

N11 Nachbagauer R et al. 2020 Nat Med



Bedford et al. eLife, 2014

A

B

Variability of influenza viruses
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How influenza viruses change??
Influenza viruses are constantly changing. 

They can change in two different ways:

       - Antigenic «Drift»

       - Antigenic «Shift»

While influenza viruses are changing by
antigenic drift all the time, antigenic shift
happens only occasionally.

Type A viruses undergo both kinds of
changes; influenza type B viruses change
only by the more gradual process of
antigenic drift.

Influenza viruses are constantly changing. 

They can change in two different ways:

       - Antigenic «Drift»

       - Antigenic «Shift»

While influenza viruses are changing by
antigenic drift all the time, antigenic shift
happens only occasionally.

Type A viruses undergo both kinds of
changes; influenza type B viruses change
only by the more gradual process of
antigenic drift.



From zoonosis to pandemia

Chracteristics of pandemic virus

✓. Replication in humans 

✓. Susceptibility of human population

✓. Human-human transmission 
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Nachbagauer & Krammer, Clin Microbiol Inf, 2017

Lineage Yamagata

Lineage Victoria

From pandemia to seasonal flu
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Early detection and control efforts reduce disease incidence in
people (light blue) and animals (dark green). Spillover arrows
shows cross-species transmission.

Transmission of infection and amplification in people (bright red)
occurs after a pathogen from wild animals (pink) moves into
livestock to cause an outbreak (light green) that amplifies the
capacity for pathogen transmission to people



• Sorveglianza epidemiologica

– Stimare l’impatto della mallattia

– Definirne le caratteristiche epidemiologiche

• Sorveglianza virologica

– Analizzare i virus stagionali circolanti

– Formulare le raccomandazioni per la composizione vaccino
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Global Influenza Surveillance & Response System

• Preparazione pandemica

• Monitoraggio e allerta



Monitoraggio virologico di:
• Persone ospedalizzate per sintomi 

respiratori considerando anche il rischio 
di esposizione ad animali malati/morti

• Casi di 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

Potenziamento della sorveglianza virologica



Preparazione pandemica e sorveglianza

https://www.who.int/publications/i/item/9789240084513



Sorveglianza delle forme respiratorie gravi da 
terapie intensive (dal 2009)

Sorveglianza delle sindromi simil-influenzali da 
ambulatorio medico (dal 1999)

Sorveglianza delle sindromi respiratorie da Pronto 
Soccorso (dal 2023)

Sorveglianza delle acque reflue  (2025)

Potenziamento della sorveglianza virologica

Sorveglianza attiva degli esposti a virus 
aviari (dal 2020)



Current Flu season (2025-2026)



Current Flu season (2025-2026)



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, I160K, 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.

K2N, 
T135K 
S144N
N158D
I160K
Q173R
K189R
T328A
S378N



Current Flu season (2025-2026) strain in Pavia

K lineage



Van Poelvoorde, Laura A E et al. “Trends in biotechnology vol. 
38,4 (2020): 360-367. doi: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 (https://www.cdc.gov/flu/about/qa/vaccineeffect.htm) imply
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.



• The HA proteins of the human seasonal H1 and H3 virus subtypes
mainly recognize receptors with terminal α-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 α-
2,3-SA54, which is found abundantly on epithelial cells in the intestine
of birds and in the lower respiratory tract (LRT) of humans.

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

https://doi.org/10.1002/embj.201387442

HA Gln226 → Leu
Shift from α-2,3-SA to α-2,6-SA

Thus, it is important to continue to monitor for signs of such changes 
in the currently circulating H5N1 viruses

https://doi.org/10.1186/1746-6148-6-4
https://doi.org/10.1186/1746-6148-6-4
https://doi.org/10.1186/1746-6148-6-4
https://doi.org/10.1186/1746-6148-6-4
https://doi.org/10.1186/1746-6148-6-4
https://doi.org/10.1186/1746-6148-6-4
https://doi.org/10.1186/1746-6148-6-4
https://doi.org/10.1002/embj.201387442


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 IAV 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 influenza virus infection in humans: NGS approach 



IAVs are categorized according to their 
intermediate or ancestor animal host species into 
avian influenza viruses (AIVs), equine influenza 
viruses (EIVs), canine influenza viruses (CIVs), 
swine influenza viruses (SIVs) or bat-origin 
influenza-like viruses (BIVs). 



April 2025 – Avian Influenza Virus (AIV) H5N1
From 2003 to August 2025, a total of 972 cases and 470 deaths
(CFR 52%) caused by influenza A(H5N1) virus have been
reported worldwide from 23 countries. The most recently
reported case in humans prior to the current case, was in March
2024 in Viet Nam. The human case in Texas is the fourth reported
in the region of the Americas, the most recent prior case having
been reported in Chile in March 2023.

8 February 2024 | 
Avian Influenza A 

(H5N1) -
Cambodia

7 June 2024 | 
Avian Influenza A 
(H5N1) - Australia

13 February 2024 | Avian 
Influenza A(H10N5) and Influenza 

A(H3N2) coinfection – China -.

2 April 2024 | Avian 
Influenza A(H5N1) -

Viet Nam 

9 April 2024 
Avian Influenza A(H5N1) 

- United States of 
America

19 April 2024 | 
Avian Influenza 
A(H9N2) - Viet 

Nam 

5 June 2024 | 
Avian Influenza 

A(H5N2) -
Mexico

11 June 2024 
Avian Influenza A 

(H9N2) - India

20 September 
2024 | Avian 

Influenza A(H9N2) -
Ghana



1. Scores viruses across two dimensions
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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