
The last two epidemic waves caused by the H5Nx Highly Pathogenic Avian Influenza (HPAI) viruses of clade 2.3.4.4b occurring in Europe in 2020-2021 and

2021-2022 had devastating economic impacts on the poultry industry of several countries. Between October 2021 and April 2022, Italy reported 317 HPAI

H5N1 outbreaks in poultry, which caused the death of 13'700'000 domestic birds. Most of the outbreaks occurred in the highly density poultry populated

areas of northern Italy (Fig. 1).
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To shed light on the number of virus introductions and diffusion dynamics and to investigate the contribution of different avian hosts to the viral spread,

almost real-time phylodynamic analyses were performed throughout the entire epidemic wave on the complete genome of HPAI H5N1 viruses collected in

Italy in the period October 2021-April 2022, for a total of 342 complete genome sequences generated.

Multiple HPAI H5N1 virus introductions in Italy

 Phylogenetic analyses of the eight gene segments show that the Italian HPAI H5N1 viruses

belong to six distinct genotypes originating from different reassortment events.

 Figure 2 shows the phylogenetic tree of the HA gene. The Italian viruses are marked with

different colors according to their clustering, while HPAI H5N1 from other European countries

are marked in grey. The genetic clustering suggests the occurrence of at least 12 viral

introductions in the country, with at least 7 in domestic birds .

 The genetic group identified in pink is the most widespread in the Veneto and Lombardy

regions.

Virus transmission dynamic among provinces and farms

 Clear clustering by province suggesting the occurrence of several secondary outbreaks, caused

by viruses showing from 0 to 52 nucleotide differences along the entire genome.

 Limited evidence of virus diffusion among different regions.

 Spatial analysis suggests that Verona (VR) and Mantua (MN) provinces were the main source

of the virus for the other provinces.
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Figure 2.
(A) Maximum likelihood phylogenetic tree of the HA gene. HPAI H5N1 Italian viruses collected from domestic
birds are marked with different colors according to the genetic clustering, Italian viruses from wild birds are
marked in light blue, while grey represent viruses collected from other European country.

(B) Map showing the distribution of the distinct genetic groups in the different Italian provinces.

Figure 1. Location of the HPAI H5N1 outbreaks
in poultry from October 2021 to April 2022.
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Figure 3.
(A) Median Joining Network analysis. Analysis of the concatenated 8 gene segments of the major H5N1 Italian
cluster (252 viruses, 1 for each farm) identified in the Veneto and Lombardy regions between Oct 2021 and Jan
2022 (pink viruses in the phylogenetic tree in Fig. 1). Each circle represents 1 genotype. The length of the branches
is proportional to the number of nucleotide differences between two genotypes. The size of the circles is
proportional to the number of viruses sharing the same genotype. The network is colored according to the
province.
(B) Spatial analyses. Bayesian maximum clade credibility tree (on the left) obtained from the discrete
phylogeographic analysis of the concatenated HA-NA genes using the BEAST v1.10.4 program (Suchard et al.
2018). Different provinces as trait. The map shows the statistically supported (BF>10) spread of the HPAI H5N1
viruses among the Italian provinces. Spread D3 v0.9.6 (Bielejec et al. 2016) was used to visualize the spatial
dispersal of the viral strain through time and to assess Bayes factor (BF) supports for individual transitions between
discrete locations.
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Role of different hosts in the virus spread

 Several viral introductions from wild to domestic birds.

 Occasional events of backward spreads from domestic to wild birds.

 Among the infected species, turkey acted as the most likely source of the virus for the other

domestic birds.

Our genetic investigation of the HPAI H5N1 viruses responsible of the 2021-2022 Italian epidemic revealed the incursion of multiple viral genotypes. Nevertheless, a single genotype accounted for most of

the outbreaks in poultry. Mutations associated with mammalian adaptation were only sporadically identified in the analysed viruses from avian hosts. However, the persistent circulation and continuous

emergence of new reassortant viruses in Italy and Europe raise concern for animal and public health.

Figure 4.
(A) Discrete host transmission analysis. Temporally structured MCC phylogenetic tree inferred for the
concatenated HA-NA genes using the BEAST v1.10.4 program (Suchard et al. 2018). Branches are coloured
according to the most probable host of origin.
(B) Host contribution to the virus spread. Graphical representation of the statistically supported (BF>10) spread of
the HPAI H5N1 Italian viruses among different affected host species.A B


