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The causative agent of influenza



Antigenic Drift vs. Antigenic Shift: Mechanisms of Change in Influenza

Flu has no proofreading



Pandemic prediction is extremely difficult

• The 1918 pandemic occurred when a waterfowl IAV adapted 
directly to humans (pathway 1)

• The 2009 pandemic resulted from reassortment between avian, 
swine, and human IAVs (pathway 2)

• The 1957 and 1968 pandemics occurred when human IAVs 
reassorted with avian IAVs (pathway 12)

• Seasonal human IAV evolution through reassortment (pathway 13) 
or antigenic drift (pathway 14)

• Potential release of prior pandemic viruses from laboratories 
(pathway 15)



Why aren’t pandemics more common?

• The high pandemic barrier requires a rare combination 
of mutations across multiple viral genes.

• These adaptive mutations can weaken the virus in birds, 
so they are more likely to emerge in mammals after a 
spillover infection.

• The greatest risk is “reassortment”.



HA mutations affecting receptor binding and stability drive avian flu's adaptation 
to humans

Key Mutations for Human Adaptation



PB2 mutations boost mammalian replication and enable airborne 
spread



NP mutations help the virus adapt to mammals by overcoming host-
specific defenses



Common themes among mammalian-transmissible avian viruses



•1996-1997: The Beginning

• A dangerous form of A(H5N1) virus first appeared in domestic 
birds in South China. 

•2003-2005: The Second Wave

• The virus re-emerged in Asia and was carried by migratory 
birds to Europe and Africa

•2014-2016: The Virus Changes

• The virus continued to evolve, mixing with other flu viruses to 
create new reassortant strains, notably A/H5N6 and A/H5N8, 
which belonged to a new genetic group (Clade 2.3.4.4).

•2018-2024: Global Spread & Jump to Mammals

• A novel and highly successful version of the A/H5N1 virus 
(Clade 2.3.4.4b) emerged and spread across Asia, Africa, 
Europe, and North America.

• Most significantly, this new version has not only infected birds 
and humans but has also been detected in several 
mammalian species, marking a critical expansion of its host 
range.

2018-2024: 
Global Spread & 
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Beginning

History of H5N1



Spillover and spread of HPAI H5N1 genotype B3.13 into dairy 
cattle



Solving the Puzzle: Oral-to-
Mammary Transmission of H5N1 
in Cattle



H5N1 virus adapting and evolving as it spread from cow to cow



Receptor Binding Properties

• Preference for Avian Receptors with Slight 
Human Receptor Affinity

Previous H5N1 strain (A/Indonesia/5/2005) 
showed binding only to avian receptors with no 
detectable binding to human receptors



Structural Adaptations in Receptor Binding Site

• Cryo-EM structures 
revealed an enlarged 
receptor binding site 
(RBS) compared to 
previous H5N1 strains

Enhance the affinity 
of bovine H5 for both 
human and avian 
receptors?



Human infection risk

Binding to Human Tissues

Immunohistochemical staining showed bovine H5N1 HA 
binds effectively to:
• Human conjunctiva (stratified columnar epithelium)
• Human mammary gland (alveolar epithelium)
• Human trachea (pseudostratified ciliated columnar 

epithelium)
• Human bronchioles (epithelial cells)
• Human lung (alveolar cells)

Conjunctiva, mammary gland, and lung tissues are potential 
sites for bovine H5N1 infection in humans



Severe Pathogenicity in Animal Models

• TX/37 is highly lethal in ferrets, with 100% mortality
• Systemic spread to multiple organs beyond the respiratory 

tract
• Rapid disease progression in ferrets, with death occurring 

within 2-5 days

Respiratory Droplet Transmission

• TX/37 can transmit between ferrets via respiratory droplets
• Similar transmission rates (CDC study: 4/6 or 67% of pairs; 

Wisconsin study: 17-33% of pairs)
• Ferrets infected through respiratory transmission developed 

fatal disease

Systemic Infection

• Virus spread to multiple organs including brain, liver, and 
blood

• High viral loads in respiratory tissues and evidence of viremia

Key Points of Agreement
Wisconsin

CDC



• TX/37 maintains strict avian-like (α2,3-linked 
sialic acid) receptor binding with no detectable 
binding to human-type (α2,6-linked) receptors

• Glycan microarray analysis

• TX/37 shows preferential binding to α2,3-linked 
sialic acids but also binds to α2,6-linked sialic 
acids

• Solid-phase binding assay with 
sialylglycopolymers

CDC

Wisconsin







PB2 protein is the primary determinant of this 
increased activity.



D1.1

B3.13



Genotype B3.13
PA, HA, NA, M (A1)

Genotype D1.1
PB1, HA, M, and NS (A3)







Comparison of B3.13 (cattle genotype) and D1.1 (dominant genotype in birds in the USA) 

B3.13 exhibits mammalian adaptability, while D1.1 retains avian adaptability





2023: 2.3.2.1c (all 8 segments)

2024: Reassortant between
           2.3.2.1c (HA, NA, NP)
               and
           2.3.4.4b (PB2, PB1, PA, M, NS)



• Exhibited similar receptor 
binding and antigenicity to 
earlier clade 2.3.2.1c strain

• Did not bind to human-like 
receptors

• Increased thermal stability 
and reduced pH of fusion 
(enhance environmental 
persistence and 
transmissibility)

• Antigenicity tests showed no 
significant drift between 
KHM/23 and early clade 
2.3.2.1c strains.



Thank you

anan.jon@biotec.or.th
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