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INTRODUCTION AND OBJECTIVES

HS5N1 highly pathogenic avian influenza virus (HPAIV) has significantly impacted wild

bird populations globally. In 2022, a notable outbreak affected Griffon vultures in

Spain and France, leading to moderate mortality and reduced breeding success.

Objectives: To elucidate the dynamics of this unprecedented outbreak using an
iIntegrated approach combining virological, serological, phylogenetic, and

ecological data.
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ID Site Region / province Area Country | long lat

38.0 1 Villeperdrix Baronnies Alps FR 5.32 44.43
2 Chamaloc Vercors Alps FR 5.37 44.80
3 Cassagne Causses Massif Central FR 3.25 44.20
4 Quillan Aude Pyrenees FR 2.15 4291

36.0 5 Itxassou French Basque Country Pyrenees FR -1.39 43.32
6 Gipuzkoa/Araba/Bizkaia Spanish Basque Country North Spain SP -2.44 43.06
74 Ebro Valley Navarra North Spain SP -1.45 42.25
8 Moncayo Aragon Central Spain SP -1.82 41.77
9 Hoces del Rio Riaza Castilla-Leon Central Spain SP -3.62 | 41.56

34.0 10 High Tagus River Castilla - La Mancha Central Spain SP -1.92 40.99
11 Sierra de Arcos Aragon Central Spain SP -0.62 41.07
12 Colmenar Viejo Madrid Central Spain SP -3.80 40.61
13 Cazorla Andalucia South Spain SP -2.99 | 37.92

32.0 14 Cadiz Andalucia South Spain SP -5.51 36.95
15 Sierra Tramontana Mallorca Balearic islands SP 2.79 39.81
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Figure 1. Sampling sites of live individuals (black triangles) and HPAIV-positive vulture carcasses (dots) from March
2020 to August 2023. The color of the dots indicates the number of cases per site. The light green shaded area
represents the Griffon vulture breeding range. The table provides details of site nhames, regions/provinces, areas, Site
IDs, and geographic coordinates.

RESULTS

OUTBREAK DYNAMICS
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Figure 2. Results of H5 specific ELISA tests (AlV) of serum samples collected in Adult Griffon vultures in Spain and
France from 2020 to 2023.

*sLive vultures sampled between March 2020 and August 2023 in France (n = 393)
and Spain (n = 196) tested negative for HS5N1 HPAIV by specific RT-gPCR.

“»Between April and August 2022, five Griffon vultures in Spain and eleven in
France were confirmed to have died from H5N1 HPAIV by specific RT-gPCR.

ORIGIN AND SPATIAL SPREAD OF INFECTION

A . | i e internal nodes with pp >0.95
)| « internal nodes with pp =0.75
01/08/21 — o T @ vulture H5N1 samples
r 1 ] wild bird H5N1 samples
™ —*— |
- l & poultry HSN1 samples
01/11/21 | = = I | ;
B T Locations: Spain, France
i ] | -': J—
01/01/22 — % ffr’h | W
A v Y 3 -
01/03/22 — . =] ah i‘“’- |

01/05/22 —

01/07/22 —

01/08/22 —

g

01/09/21
o1/10/21
B— 01/11/21

o1/12/21

@

Dispersal
direction: et S, o

LS - e
XN
> >

| — 01/01/21
vulture branch P

_________ non-vulture branch -
™ non-vulture internal node %
o non-vulture tip node b,
o wvulture internal node
o vulture tip node

— 01/02/22
01/03/22

o 01/04/22
I 01/05/22

01/06/22

.....
e

Figure 3. A: Maximum clade credibility (MCC) tree from time-scaled phylogenetic analysis of HA gene
sequences from H6N1 HPAIV-infected birds in Spain and France (Nov 8, 2021 - Sep 1, 2022). The grey square
highlights the clade with infected vultures. B: Map showing the MCC tree of this clade and 80% highest posterior
density (HPD) regions, indicating uncertainty in Bayesian phylogeographic inference, colored by time. Full
curves represent vulture clade branches; dashed curves represent others. C: Map of the same MCC tree,
showing posterior probability and mean estimates of lineage dispersal events among the four main regions.
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DISPERSAL OF HPAIV BY GRIFFON VULTURE
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Figure 4. Movements of 16 Griffon vultures from March 1 to June 30 in 2022 and 2023. Maps A (immatures) and B
(adults) show long-ranging transit movements (red for 2022, orange for 2023) and local movements (grey). Inset C
displays the daily proportion of individuals (all ages pooled) in transit for both years.

CONCLUSIONS

1. Transmission pathways: Long-distance movements of immature birds played a

crucial role in spreading the virus across regions.

2. Disease dynamics: This outbreak shows the ability of HSN1 HPAIV to spread rapidly
through a population after a single introduction.

3. Broader ecological implications: The potential danger of HPAIV H5N1 in these
specialist necrophagous bird populations would lead to longer persistence of the
carcasses they eliminate and increased risk of pathogen persistence and spread in the

environment if their incidence increases in the future.

Conclusion: H5N1 HPAIV has to be considered as a severe threat for endangered bird
species, especially those with colonial and scavenging behavior.
Integration of the epidemiology of the virus with the ecology of the host species is key to a

better understanding of the outbreak dynamics and its possible impact on wildlife

conservation..
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