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Wings of Worry:
Avian Influenza Viruses

« Bird Flu

« Conclusions and finals thoughts

« Zoonotic transmission of avian origin FLUAVs

» Modified live attenuated vaccines (MLVs) for mass vaccination strategies
against avian influenza, including HSN1 HPAIV

« Aerosol exposure system — focus on MLV delivery

« Discussion of Jersey cows experimentally infected with H5N1 HPAIV
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International Committee on Taxonomy of Viruses

iy

[Family: orthomyxoviridae

Realm: Riboviria

Kingdom: Orthornavirae |:> [Genus: Atphainfiuenzavirus ~type A - FLUAV
Phylum: Negamaviricota
Subphylum: Polyploviricotina [Genus: Betainftuenzavirus ~type B - FLUBV

Class: Insthoviricetes
Ordor: Articulavirales

[Genus: Dettainfluenzavirus - type D - FLUDV

[Genus: Gammainfuenzavirus - type € - FLUCY

Genus: [savirus
Digitally-colorized negative-
stained transmission Genus: Mykissvirus

electron micrograph of

avian influenza viruses . —
Credit CDC/FA. Murphy Genus: Quaranjavirus

* Lipid bilayer envelope derived from host plasma membrane
* Pleomorphic particles with a diameter in the range 80-120 nm 7
e phic p gative sense, RNA 9 pendent RNA Genus: Thogotovirus

polymerase complex
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Influenza viruses are constantly changing

. inin (HA) and ini (NA)
Surface glycoproteins

Divided into subtypes

17 HA subtypes (avian)

9 NA subtypes (avian)

153 theoretical combinations

H17, H18, H9-like, N10, N11, N2-like (fruit bats)

Error Prone Polymerase
Point Mutations — Changes on surface proteins
(HA) leads to Antigenic drift and Evasion of
immune responses

. Genome =
Reassortment leads to Antigenic Shift =
Exchange of HA subtype
1918 HIN1, 1957 H2N2, 1968 H3N2,
1977 HIN1, 2009 pHIN1

<

Flu Can Spread Between Animals (and People!) &
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Avian Influenza (Bird Flu): A Threat to Birds and The Economy ¢

« Originally termed fowl plague in 1878
* Results in significant economic losses due to disease/deaths and culling to control infection
« Isolates are classified based on pathogenicity in domestic chickens (terminology adopted in 1981)

+ Low pathogenic avian influenza (LPAI) viruses:
+ Most isolates are low pathogenic — HIN2 LPAI viruses are the most prominent

+ Associated with outbreaks of varying intensity in domestic birds P =
—— ———
« Highly pathogenic avian influenza (HPAI) viruses:
. . . . . W PIREERRR
« Circulation of LPAI viruses that evolve into HPAI viruses o N X NERAR
o Restricted to H5 and H7 subtypes 2 »
o HA with polybasic cleavage site ] )
o Intravenous Pathogenicity Index test of 21.2 (75% mortality) = b4

H5N1 highly pathogenic avian influenza virus: &
Two-way transmission between poultry and wild birds

Unprecedented geographic and
\‘!é = X interspecies transmission events.
I Outbreaks in Asia, Africa, Antarctica,
‘Americas, and Europe

Clade2.3.4.4b  Clade 2.3.4.4b

First human Clade21 @ 43
infections detected  Clade 2.2 4 Trangpacific
inHongKong  Clade 2.3.2.1X  mjgration and

H5spreadsto  reassormentin @
1997 & 20 2018 -2020
997 % 005, Africa, the Middle  North America
I X East and Europe  H5N2 and HSN8 I
l“' .o l l Dominated by F]
1906 . H5N1 re-emerges in 20142016 H5N6 and H5N8, 202142025 ?
Sad Asia  Emergence of HsNx  HONTreplaced gy o ooroes & 4
HBN1 detected in Clade 2.3.4.4x displacing other NA (i ({5
geese in subtypes

Guangdong, China

HPAIV (H5N1 2.3.4.4h) Surveillance & Impact: Wild Birds / Mammals *

Since Dec. 2021
o 14,369 detections in wild birds across all 50 states
o 647 reports of infections in mammals
o Growing number of wild mammals (skunks, raccoons, cougars, bobcats, harbor seals)
o Migration to Central and South America (~October '22), sub-Antarctica (October ‘23), mainland Antarctica
(February ‘24)

s v o o 35
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Unprecedented geographic nd
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Significant impact on poultry/egg production in the US

+ Current HPAI outbreak (Feb. 2022 - present)
o 174,830,000 US birds affected flocks across all 50 states
+ 1,709 flocks across (788 commercial, 921 backyard)
+ Previous HPAI outbreak (2014 - 2015)
o >50,000,000 US birds affected flocks across 15 states
+ 232 (211 commercial, 21 backyard)
o Estimated $3 billion dollars in agricultural-related damages

H5N1 highly pathogenic avian influenza virus:
Two-way transmission between poultry and wild birds

&
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Zoonotic Infections on the Rise: A Consequence of Poultry-Adapted Avian Flu
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Economic Losses in Poultry

HIN2 LPAIVs: Endemic, Zoonotic, and Associated with Significant

HIN2 cases - 1998/2025
HIN2 importance: oy

+ Donors of internal gene

for other zoonotic influenza strains 2023
of pandemic concern ok
Zoonotic viruses themselves 20201
Human serological studies 2010
suggest high levels of exposure in
endemic areas N

HIN2 2011
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% April 19, 2025
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Importance of poultry

o
n=10/12

1966 68 1976 1988 1994

Widespread and Endemic Associated with Significant Economic Losses in Poultry
Efficient Replication in Poultry Respiratory Tract

adapted HIN2 LPAIVs: &

Ancts 1 HoN2
 HoNx
o i Total
3 romane
n=40/56 0@ - 1020 %0 40 o0 2000
‘GISAID 08/05/2025

2007 2013

Modified live virus (MLV) vaccines

Advantages

Mimic natural infection = Target multiple antigens

Elicit mucosal, cell-mediated, and humoral immunity
Mass vaccination

+ Drinking water,

+ Aerosol/Spray vaccination,

+ Inovo

Prevention/control of avian influenza relies mostly on Whole Inactivated Virus + Adjuvant (WIV-adj) vaccines
WIV-adj vaccines provide limited protection with high levels of humoral, but minimal or no cellular immunity.
WIV-adj target the HA, the major target of neutralizing antibodies. Not suited for mass vaccination

HA's antigenic drift can make WIV-adj ineffective — Suboptimal vaccines can promote antigenic drift.

Modified live attenuated virus (MLV) vaccines:

against H9 FLUAVs &

Disadvantages
+ Fear of reassortment

+ Like any other vaccine, response depends on immune
status. Too attenuated = suboptimal protection

+ May interfere with DIVA strategies
« Butis DIVA really needed? It depends!
+ Poultry for export vs internal consumption
+ Notifiable vs non-notifiable subtype

9/24/25

npi vaccines Article
3

Mass vaccination with reassortment-

impaired live HON2 avian influenza
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Collaboration with Darrell Kapczynski

HIN2 MLV Vaccine: Reassortment-Impaired, Water-Delivered, and Protective &

MLV RAM backbone
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MLVs show fitness disadvantage compared to wild type HIN2 LPAIV infaction in vivo &

+ 10MLV:1WT coinfections in vivo in chickens — no evidence of reassortment of modified gene segment
+ No transmission to direct contacts - Presence of IL-18 leads to improved HI responses.

Coinfection in vivo 5 dpi
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time (h)

time (h)

Mock-Chall
Mock-Vaccination

1
2
3
4. 10° EIDsolml Prime-Boost
5.
6.

MLV-HON2-IL is stable during vaccine
administration at different temperatures
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Vaceine dose

Drinking water vaccination elicits HI, VN and NP antibodies

Limited MLV-HoN2-IL replication is dose dependent

HI and VN titers are dose dependent. HI and VN titers
increase after boost.

NP antibodies are readily detected after prime, regardless of
dose. NP antibody levels increase after boost.

Prime-Boost with 106 EIDso/ml of MLV-HINZ-IL induces
erilizing” immunity in chickens: sinuses, trachea,
and cloaca

In the sinuses, both doses and vaccination strategies
significantly reduce viral loads after challenge.
Prime-Boost with 106 of MLV-HIN2-IL results in sterilizing
immunity: no virus in the sinuses, trachea, and cloaca

Faccin etal, np] Vaccines (2024)
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Sequential Aerosol and Oral Immunization with a
Bivalent HOIN2/H5N2 Vaccine Protects Against
H5N1 and HIN2 Avian Influenza Challenges

Flavio Cargnin Faccin, L. Claire Gay, Dikshya
Regmi, Robert Hoelz, Teresa D. Mejias, Darrell
Kapczynski, Florian Krammer, and Daniel R. Perez

> npj Vaccines

Submitted to
25

08/18,

Poultry Diagnostic and Research Center
Department of Population Health
College of Veterinary Medicine
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Aerosol administration results in limited MLV replication

iquid interface model for influenza aerosol exposure
o Virus replication after aerosol MLV vaccination
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© MLV-HON2-IL e Bivalent MLV, prime-only o Mock

Coarse Sprf
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Drinking water vaccination

Optimizing MLV Vaccination: A Combined Aerosol-Oral Delivery Approach&

Virallosd i issue homogenstes
> .
\ ey ”
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gl ) £ 110° EID/mi for 20 Challenge 3 dpe- tissue collection, n=5/group:
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ol e SO
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SPFWhiteleghom 0 1 14 28293 31 2 33 2
1-day old 0P and CL ¥ Blood/ Blood/ M OPandCL  Blood/
Prime - Aerosol swabs serum serum swabs  seum
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15 min — —_—,
-l Virus Antiflu Virus. Antifly
shedding ~  antibodies +— shedding antibodies +—

Groups i HoNZ) -
3. Bleaiont (ML PSR- MLV-HSN24L), prime only s o) drifieida
3. Bivalent (MLV-HONZ-IL, MLV-H5N2-IL), prime-boost (H5N1) - ¢
4. Bivalent WIV-adj (HON2/H5N2), prime-boost H9IN2 LPAIV @108 EID50/chicken
5. Mock-Vaccination - Challenge HSN1 HPAIV @50 ckLDS0/chicken
6. Mock Oculo-nasal-tracheal-cloacal routes
500 L

Cargnin Faccin et al. submitted
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Aerosol/drinking water vaccination induced discernible HI responses against the &
homologous but not antigenically drifted H9 HA

+ Prime vaccination via aerosol induced HlI titers against H9
+ Boost via drinking water increased antibody titers against H9
+ Antibody titers against antigenically drifted strain <40

HI titers against H9

HI titer

i
Drifted HON2 Homologous HIN2
© WIVadj-HIN2 @ MLV-H9N2-IL o Mock

14 dpp 14 dpb
© MLV-HIN2AIL, prime-boost © Bivalent MLV, prime only © Bivalent MLV, prime-boost
© Bivalent WIV-adj, prime-boost O Mock

Cargnin Faccin et al. submitted
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Monovalent and bivalent MLVs provide protection against drifted HIN2 &
challenge in contrast to bivalent WIV-adj vaccine

Oropharyngeal Swabs - HIN2 Drifted Challenge Vlml Load - H9N2 Challenge 3 dpc
R S S 4 |
o <o o | o \ ot \ oama |
_5 oo o ) oo 26 oo .
E 2
i §l
5 i % T
AR R
2 2
B T s I :
k @ R o |
1dpc 2dpe 3dpc 4dpc . Sinuses Slnusss Tra-:nea

e e Dmad— Drfed Chatenae

© MLV-HON2-IL, prime-boost  © Bivalent MLV, prime only © Bivalent MLV, prime-boost
© Bivalent WiV-adj, prime-boost  ® Mock/Challenge

Challenge with drifted HON2 LPAIV @108 EID50/chicken
Oculo-nasal-tracheal-cloacal routes - 500 uL

Cargnin Faccin et al. submitted
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Bivalent MLV provides protection against H5N1 HPAIV &

Survival H5N1 HPAIV

£ 100, °
g o © @ MLV-HIN2-IL, prime-boost
g 80-
+ Chickens were challenged with 50 % © Bivalent WLV, prime only
ckLDso of HSN1 two weeks after boost @ 4 © Bivalnt ML, prime oot
£ © Bivalent WiV-ad, primo-boost
(1.58 x 1015 EID50/chicken) g
5 o ® MockiChallenge
o 1 2 3 4 5 6 7
Days post-challenge
7 Oropharyngeal Swabs - H5N1 Challenge
+ Abivalent vaccine administered = ol ol o olld  »
H S 2|2 slg ¢
through a prime-boost method 85, t Hi= HiE H
54 ° 1 2 3@ 2ll3e 2
resulted in a 90% protection rate and F3 3 2 2129 o2/2 2
°
lower viral loads in comparison to 52 i H °f
21 4s i o | Soo
other groups. olE | §

1dpc  2dpc 3dpc 4dpc  Sdpc  6dpc

Cargnin Faccin et al. submitted
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Bivalent MLV reduces H5N1 HPAIV replication in chickens &

Viral Load - H5N1 Challenge - 3* dpc

o oo owr v
s e
% 9 o000 oaurs oo oo Py o0
28 A
) ) s7 S s
+ A prime/boost bivalent MLV D6lge 8
o
vaccine reduced virus titersin (3 i ol |9 ° °
tissues after HSN1 HPAI Calfllcel e I
=
challenge. ‘;,f ‘LL H 1
g i el

Sinuses Trachea Lungs Brain Pancreas Intestine
* compared to day 2 post-challenge in non-vaccinated/challenged controls

© MLV-HIN2L © Bivalent MLV, prime only o Bivalent MLV, prime-boost
© Bivalent WiV-adj, prime-boost  ® MockiChallenge

Cargnin Faccin etal. submitted % >}
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Aerosol/drinking water vaccination induced discernible antibody response &
against H9 but not against H5 FLUAVs

+ Prime vaccination via aerosol induced neutralization antibody titers against H9

+ However, neutralization antibody titers against H5 were low. Issue with H5 antigen, not MLV approach

Hl titers against H9 Hl titers against H5
128 ° @ 1280
64 <§> R 6404
5 320 @ ° o = 320
£ 16 % £ 160]
= 8 = 80
T o4 T 40 g
2 20
1 10
14dpp _14dpb 14 dpp 14 dpb

Neutalizing antibody concenration

Neutralzing antibody concentration
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@ MLV-HINZIL, prime-boost

© Bivalent MLV, prime only © Bivalent MLV, prime-boost

© Bivalent WiV-adj, prime-boost

O Mock

Cargnin Faccin et al. submitted & >}
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Aerosol/drinking water vaccination induced discernible antibody responses &
against H9 and N2 antigens but not against H5 FLUAVs
+ Prime-boost vaccination induced antibodies against H9, N2, and NP as measured by ELISA
« ELISA antibody titers against H5 were below limit of detection in MLV groups
« ELISA antibody titers were BLD against N1 and N8 NA antigens.
b c
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Faster responses to avian influenza outbreaks with help &
from in-farm diagnostic tests

*Al generated images with Gemini

9/24/25
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Alveo Sense Platform* &

Simple, seamless workflow — LAMP-based assay

Portable &
Rechargeable

Traceable

/

Cloud /

Connected \

Actionable

Molecular

Accura

* Disclaimer: Neither the University of Georgia nor any member of the Perez Lab receives any form of

financial or otherwise, from Alveo T The testing and evaluation of Alveo's diagnostic
platform by personnel from the Perez Lab is conducted independently and is not a result of any compensatory
agreement with Alveo Technologies.

29

Alveo Sense Poultry Avian Influenza Test Type AH5 H9 <-ALVEO E

Test Design: Limit of Detection:

Target Individual Assays

2 unique regions of matrix gene for

i

@ Process Control
Inf.Type A (matri)

© H7subtype

@ H5Subtype

Subtype H5NS
Hs (2.3.4.4p)

Subtype
Ho

Detect clinically relevant H strains

* Disclaimer: Neither the University of Georgia nor any member of the Perez Lab receives any form of compensation, financial or otherwise, from
Alveo Technologies. The testing and evaluation of Alveo's diagnostic platform by personnel from the Perez Lab is conducted independently and is
nota result of any compensatory agreement with Alveo Technologies.

< 2]
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&

Experimental Flow using ALVEQ’s Detection System*
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Alveo’s signal corresponds with #PA/V H5N1 TCIDs,Titers =3

Cloacal swabs - 104 TCID /duck

log10 TCID50/mI
o N & o ®

dpi swabs TypeA H5

ton 1 CL  + + -

2
Days post-infection
Oropharyngeal swabs - 104 TCIDs, /duck
E 8
26

o
°

1
3}
(2]
-

+ + -

TCID50/

Alveo’s signal

*Tests conducted as Research Use Only.
**Test components were not for sale.

g1

g

Days post-infection
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Alveo’s signal corresponds with LPAIV H5N1 TCIDs,Titers

OP/CL swabs - 106 TCID50/bird

DUCKS ¢ o CHICKENS ¢ &
_ 5
§4:|. ° ° o .
Qs-f S[ °ffl o8 o °
2 et g
';2-. I I i + }
o 14
2 LB |

1

1 2 3 4 5 6 3 4 5 6

Days post-infection

“Tosts conductod as Ressarch Use Only Alveo’s signal

“* Tost components were not for sale.
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Summary: MLVs to prevent and control avian influenza viruses

MLVs offer an opportunity for mass vaccination — drinking water, aerosol, spray(?).

MLVs are stable, immunogenic, do not transmit, and do not reassort (?)

The inclusion of an immunomodulator (Flu-kine) enhanced the generation of neutralizing and non-
neutralizing antibodies, suggesting a role in the host immune response.

Aerosol vaccination results in limited MLV virus replication.

Aerosol and drinking water vaccination elicits measurable serological antibody subtype specific
responses against HA and NA. Opportunity for production of DIVA-compliant MLVs based on anti-
NA responses? Anti-NP responses readily observed too.

The bivalent MLV vaccine provides protection against homologous H5N1 HPAIV, despite negligible
anti-H5 antibody responses.

The bivalent H9 MLV vaccine provides protection against (homologous) and drifted HIN2 FLUAV
challenges (contrasting WIV-adj. vaccine).

9/24/25
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Summary: Experimental use of ALVEQ’s portable diagnostic system * &

Intuitive, easy to operate, enables effi
Correctly identified 100% of expected results in ducks challenged with HPAIV-H5N1. =
LPAIV-H5N1 Challenged Ducks

+ Results aligned with viral load (based on TCIDs, measurements).

ent result sharing.

« OP positive for H5, CL positive for Type A at 2 DPI. These partial detections still represent
actionable field results, as any positive signal would prompt confirmatory testing.

LPAIV-H5N1 Challenged Chickens

« Chickens exhibited different infection dynamics compared to ducks.

« OP pools performed as expected, confirmatory RT-PCR test underway on the OP pool from 5 DPI.

+ CL pools produced two invalid results. The negative result at 3 DPI is likely attributable to low
sample titer. The invalid result at 1 DPI may be due to a workflow deviation.

+ 100% H9 exclusivity, no cross-reactivity.

35

&
Avian Flu Rapid Diagnostics Moving Forward:

Current lack of globally harmonized data on how well rapid tests (specifically LFDs) perform across different
AIV clades, geographies, and sample types.

(Relatively) cheap, portable, and fast diagnostic tests that can be used for immediate detection in poultry
farms, markets, and outbreak zones are coming along; however,

Tests must be able to detect not only the dominant H5SN1 clades but also other evolving and reassorting
strains endemic in poultry and that pose a pandemic threat.

Governments and response teams need transparent, evidence-based data to support their procurement and
deployment decisions, as many current kits are unproven against avian variants

RapidAIV, a Global Collaborative to Harmonize and Validate Rapid Diagnostic Tests for Avian Influenza
proposed by Erik Karlsson Director, National Influenza Center of Cambodia and WHO H5 Reference
Laboratory, Coordinator, WHO Global COVID-19 Referral Laboratory, Institut Pasteur du Cambodge aims to
assemble a collaborative network with common metrics to overcome the scattered and isolated small-scale
assessments currently being conducted by individual labs

36
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