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Updating H5N1 Virology :
Molecular Mechanisms
Driving Pandemic Potential
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[ News ]
The world should prepare

now for a potential H5NI
flu pandemic, experts
warn

An electron microscope image shows avian influenza A
H5N1 virus particles (yellow) in epithelial cells (blue).

work to better understand and respond

to concerns about vaccines and rebuild
trust in public health. Finally, pandemic
response plans should undergo transparent
in-depth testing, during which countries
should share plans and playbooks and
form global collaborations that incorporate
different disease scenarios and immuniza-
tion strategies. Similar initiatives should
address ongoing agricultural outbreaks (8).
Enhancing readiness now can save lives
and reduce societal and economic disrup-
tion if H5N1 or another outbreak becomes
a pandemic.
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Influenza A virus rapidly adapts particle
shape toenvironmental pressures

and new adaptation after spillover.

In summary, pleomorphy in IAV is a conserved, tunable feature
that provides an evolutionary advantage under immune and entry
challenges. This plasticity enables IAV to rapidly respond to immune
pressures or new hosts, facilitating both persistence of adapted strains



Antigenic Drift vs. Antigenic Shift: Mechanisms of Change in Influenza
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Wild waterfowl Intermediate Human Pandemic
reservoir hosts transmission
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— Many potential pathways to future pandemic influenza
3—>

Pandemic prediction is extremely difficult

* The 1918 pandemic occurred when a waterfowl IAV adapted

‘._i‘{/' ','J‘E,\:
5 32N parudaiiG directly to humans (pathway 1)
e J via HA and/or NA

reassortment

* The 2009 pandemic resulted from reassortment between avian,

swine, and human IAVs (pathway 2)
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t‘"\‘ﬂ',n’/;‘

reassorted with avian IAVs (pathway 12)

e Seasonal human IAV evolution through reassortment (pathway 13)

9 _A L y;ggg;g;rggm or antigenic drift (pathway 14)

- o 1 * Potential release of prior pandemic viruses from laboratories
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Why aren’t pandemics more common?

Key HA mutations not
yet observed

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

so they are more likely to emerge in mammals after a to increase tf'f“t‘?ss’&
. : : overcome restriction

spillover infection. . 3

evade immune response

These adaptive mutations can weaken the virus in birds, W Plxﬂ Further human adaptations
7
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The greatest risk is “reassortment”. HA preference for 02,6

sialic acid and pH stability
promoting human
PB2 mutations transmission

frequently emerge |’ Hl /k
Mammalian adaptive
polymerase mutations

Avian reservoir Spillover & mammalian Human pandemic Seasonal influenza
epidemic
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HA mutations affecting receptor binding and stability drive avian flu's adaptation
to humans

Avian-like Human-like 8,

(a2,3-linked ‘ (a2,6-linked

sialic acids) sialic acids)
Receptor binding specificity

H1: 190E | 225G | H1: 190D | 225D

Key Mutations for Human Adaptation H3:226Q | 228G H3: 226L | 228S
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PB2 mutations boost mammalian replication and enable airborne

spread

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

VRNP nuclear import

NP-100I1/V,-283P, -313Y
(pandemic 1918 H1NT1)
NP NP-53D, 1001/V, -313V

(pandemic 2009 H1NT1)

VRNP nuclear import
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swine viruses)
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| Common themes among mammalian-transmissible avian viruses

Aerosol Droplet Transmission

. Receptor specificity . A
Increased HA binding to
ﬂ 02,6-linked sialic acids h

HA glycosylation
Loss of glycosylation at HA-158-160

HA stability
Restoration of HA stability after
adaptation to a2,6-linked sialic acids

Replicative ability
Increased replication in mammalian cells

10.1128/mmbr.00066-24



History of H5N1

*1996-1997: The Beginning

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

*2003-2005: The Second Wave

* Thevirus 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/H5NS,
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.
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Spillover and spread of HPAI H5N1 genotype B3.13 into dairy
cattle

Late 2021 . Reassortment : Spillover Oct.2023 March 2024 - May 2024
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Emergence and interstate spread of highly
pathogenic avian influenza A(H5N1) in dairy cattle
in the United States



Solving the Puzzle: Oral-to-

Mammary Transmission of H5N1
in Cattle

The high level of sialic acid receptors in oral tissues allows
influenza virus infect cattle through contaminated feed or water

Affected Non-affected
quarter quarter
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. 0] ] -~
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| V s Self-nursing ’\ Cross-nursing

Virus shedding in milk

Virus replicating in the mouth of cattle could be transmitted to its own mammary glands
through self-nursing or to the mammary glands of others through cross-nursing



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

Cattle with Mean allele Consensus Low-frequency
variant (no.) frequency sequence variants
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AVIAN INFLUENZA

Emergence and interstate spread of highly
pathogenic avian influenza A(H5N1) in dairy cattle
in the United States



Cell ¢? CellPress I

Receptor binding, structure, and tissue
tropism of cattle-infecting HSN1 avian
influenza virus hemagglutinin

Cell 188, 919-929, February 20, 2025

Receptor Binding Properties

* Preference for Avian Receptors with Slight
Human Receptor Affinity
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Structural Adaptations in Receptor Binding Site
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Human infection risk

Binding to Human Tissues

Immunohistochemical staining showed bovine HSN1 HA g R 2 o T
binds effectively to: E e AR B

A B C

Trachea

Mammary gland

Conjunctiva

MAL-I

MAL-II

Human conjunctiva (stratified columnar epithelium) TeLERINT ] F oy
Human mammary gland (alveolar epithelium) 74 v

Human trachea (pseudostratified ciliated columnar

eplthellum) SNA -
Human bronchioles (epithelial cells)

Human lung (alveolar cells) = — - ri

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



Articdle  Wisconsin Key POintS Of Agreement

Ahumanisolate of bovine H5N1is Severe Pathogenicity in Animal Models
transmissible and lethalin animal models

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

https:fdoiorg/101038/541586-024-08254-7  Chunyang Gu'®, Tadashi Maemura™®, Lizheng Guan*®, Amie ). Eisfeld"®, Asim Biswas"®,

fmoctvadh 18 Suly 202 Maki Kiso™, Ryuta Uraks’, Mutsumi lto?, Sanja Triflovic', Tong Wang', Lavanys Babujse', tract
PR —" Ol e B Yo o ey - ot e, Sty Vemmyuehi'  Rapid disease progression in ferrets, with death occurring
Published online: 28 October 2024 within 2_5 days
Article CDC Respiratory Droplet Transmission
Transmission of ahumanisolate of clade .

TX/37 can transmit between ferrets via respiratory droplets

2.3.4.4b A(HSNI) virusinferrets  Similar transmission rates (CDC study: 4/6 or 67% of pairs;
Wisconsin study: 17-33% of pairs)

* Ferrets infected through respiratory transmission developed

https://doi.org10.1038/s41586-024-08246-7  Joanna A. Pulit-Penaloza’™, Jessica A. Belser', Micole Brock', Troy ). Kieran', Xiangjie Sun',

received: 10 July 2024 Claudia Pappas’, Hui Zang', Paul Camey’, Jessie Chang', Brandon Bradley-Ferredl, fatal d Isease
: ¥ James Stevens', Juan A. De La Cruz', Yasuko Hatta', Han Di', C. Todd Davis',
Accepted: 17 October 2024 Terrence M. Tumpey' & Taronna R. Maines'

Published online: 28 October 2024

Systemic Infection

* Virus spread to multiple organs including brain, liver, and
blood
e High viral loads in respiratory tissues and evidence of viremia



huTX37-
H5N1

Fluorescence (RFU)
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TX/37 maintains strict avian-like (a2,3-linked
sialic acid) receptor binding with no detectable
binding to human-type (a2,6-linked) receptors

Glycan microarray analysis

Wisconsin

TX/37 shows preferential binding to a2,3-linked
sialic acids but also binds to a2,6-linked sialic
acids

Solid-phase binding assay with
sialylglycopolymers



Number of infectious virus particles per air sample

nature microbiology

Brief Communication

https://doi.org/10.1038/s41564-024-01885-6

Influenza A(H5N1) shedding in air
corresponds to transmissibility inmammals
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Table 1| Transmission and virus shedding in experimentally
infected animals

Influenza virus Transmission efficiency between Infectious virus

ferrets as demonstrated by virus  collected from air

isolation from recipient (this study)
A(HIN1pdm) 4/4 (ref. 30) 4/4
A(H5N, o) 0/4 (ref. 7) 0/4
A(H5N, 0 a7) 3/4 (ref. 1) 2/4
A(HEN1 o) 1/4% 1/4
A(H5N1,.,..) 10/30 (refs. 14,18) 1/4
A(H5N0,i0e) 0/4* (ref. 19) 0/4

*Seroconversion was demonstrated in one animal.
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Identification of Amino Acid Residues Responsible for Differential Replication and
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Health

New version of bird flu infects
Nevada dairy worker

Hope you don’t mind,
I ilzlev%ted a friend.

This version of the virus is circulating broadly in wild
birds and is different from the virus that has been
causing dairy cow outbreaks since early 2024, the
CDC said.

Yesterday at 3:22 p.m. PT

» Listen to article 4 min

Dairy cows eat in a feeding barn in Nicasio, California. (David Paul
Morris/Bloomberg News)
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Mexico's fatal H5N1 case involved D1.1

genotype, which has been tied to serious
illness

Lisa Schnirring, April 18, 2025

Topics: Avian Influenza (Bird Flu)

The child was transferred to a tertiary care hospital and died on
April 8 due to respiratory complications. Along with the initial
unsubtypable influenza A virus, tests also identified parainfluenza
3. The H5N1 finding was confirmed by polymerase chain reaction
(PCR) testing on April 1, and genetic sequencing revealed that the
virus belonged to the 2.3.4.4b clade and the D1.1 genotype, the
same one linked to serious infections in the United States and
British Columbia, Canada.




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

Mutation numbering

B3.13 (2,839)

D1.1(300)

H5NX 2.3.4.4b (Human, 65)

(sgy) axs Buipuiq J03dasay

a)is abeaes|n

HA-133

HA-135

HA-137
HA-185
HA-189

HA-192

HA-193

HA-199

HA-217
HA-221

HA-222

HA-226
HA-323
HA-324
HA-325
HA-326

HA-328

HA-330
HA-331

/

V135M (26.3%), V135A
(0.14%), V135E (0.04%)

/
S185P (0.04%)
/

T192A (0.39%)
N193T (0.04%)
/

/
S§221P (0.07%)

Q222R (0.04%),
Q222L (0.04%)

/

S323N (52.9%)

P324L (0.88%)

L325P (1.9%)
/

R330K (0.11%)
K331R (0.32%)

/

/

T199N (0.66%),
T199A (0.33%)

1217L (0.66%)
S221P (0.33%)

/

/
S323N (2.3%)
/

/

R3261 (0.66%)

/

R330I (0.66%)
/

L133R (1.5%)
V135M (15.4%)

A137T (1.5%)
S185P (3.1%)
E189A (1.5%)

T1921 (24.6%),
T192R (1.5%)

N193K (3.1%)
T1991 (38.5%)

/
/

Q226L (1.5%)
S323N (30.8%)
/

L325P (3.1%)
R326K (1.5%)

K328R (15.4%),
K328T (3.1%)

/
/

Protein Mutation B3.13(2,839) D1.1(300) H5NX 2.3.4.4b (Human, 65)
NA-70 N70S (80.5%) / N70S (33.8%)
NA-110 S110Y (0.11%) / S110E (33.8%)
g NA-136 / / Q136H (3.1%)
g g NA-197 P197S (0.33%)
i NA-198 / / D198N (32.3%)
28
- NA-247 S247N (0.04%) S247N (1.67%) /
NA-436 14365 (0.07%) / 1436L (33.8%)
- PA-24 Y24H (0.14%) / /
S PA-38 138V (0.11%), 138M (0.04%) / 138M (1.5%)
3 % PA-105 F105S (0.07%) / /
2 PA-122 V1221 (0.04%) / /
5 PA-137 K137R (0.07%) / /
M2-13 N13S (3.87%) N13T (2%), N13S (0.33%) N13S (16.9%)
< M2-16 E16G (0.39%) E16G (0.33%), E16D (1%) E16G (1.5%))
§’. M2-27 V271 (0.53%), V27A (0.04%) V27A (0.66%) V27T (1.5%)
s M2-28 128T (2.9%), 128N (0.04%) 128V (1%) /
N
= M2-30 A30S (0.07%) / /
M2-31 / S31N (5%) S31N (3.1%)

Current Research in Microbial Sciences 8 (2025) 100377
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12th case of #H5N1 in Cambedia in 2025. 5 yo boy from Kampot. Zoonotic

Ta bl e 1 : Deta i IS of Avia n Infl u enza A (H 5 N 1 ) Hspillover continues to occur. Vigilant #surveillance and #0neHealth

response is critical.
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Emergence of a Novel Reassortant Clade
2.3.2.1c Avian Influenza A/H5N 1 Virus
Associated with Human Cases in Cambodia

Jurre Y Siegers, Ruopeng Xie, Alexander M P Byrne,
Kimberly M Edwards, Shu Hu, Sokhoun Yann, Sarath Sin, Songha Tok,

Feb. 2023

Oct. 2023 -
Aug. 2024

Minor clade

HA

Why Cambodia’s novel H5N1 reassortant virus
needs close monitoring ‘@

All available data suggest human infections caused by the reassortant virus are attributed to direct poultry-
to-human transmission, with no evidence of human-to-human spread

Published - November 09,2024 11:00 pm IST

= O [ READ LATER ) PRINT

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)



Emerging Microbes & Infections
2023, VOL. 12, 2244091 (4 pages)
https://doi.crg/10.1080/22221751.2023.2244091
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Characterization of the haemagglutinin properties of the H5N1 avian influenza

virus that caused human infections in Cambodia
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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.
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