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Abstract

The H5N1 subtype of highly pathogenic avian influenza (HPAI) poses a major zoonotic threat due to
its high fatality rate and capacity for cross species transmission. In early 2025, Argentina detected a
novel triple reassortant A(H5N1) virus in Chaco Province, combining Eurasian, North American, and
South American lineage segments. Genomic analyses of subsequent outbreaks in Buenos Aires and
Entre Rios confirmed persistence of this reassortant and additional HA substitutions (T204K, P251S)
potentially linked to increased mammalian receptor affinity. Although PB2 sequences lacked
canonical mammalian-adaptive markers (E627K, Q591K, D701N), all contained 1292M, a mutation
associated with human adaptation. Phylogenetic analyses revealed distinct genotypes and increasing
divergence. These findings indicate ongoing viral evolution and adaptation within Argentina,
emphasizing the urgent need for sustained genomic surveillance, timely data sharing, and integrated
One Health strategies to mitigate zoonotic and socioeconomic risks associated with H5N1 spread in
South America.

Keywords: Argentina; triple reassortant virus; highly pathogenic avian influenza (HPAI); H5N1; one
health; molecular evolution

1. Introduction

Avian influenza and the H5N1 subtype in particular, poses a significant public health risk due
to its zoonotic potential and the high fatality rate among reported human cases. There is also recent
evidence of sustained mammal-to-mammal transmission of highly pathogenic avian influenza
(HPAI) [1], which increases the risk of the virus acquiring mutations enabling sustained spread
among humans; raising concerns for a potential pandemic [2,3]. Moreover, outbreaks in poultry
result in substantial economic losses and represent a critical threat to global food security,
emphasizing the necessity of sustained active surveillance, rigorous biosecurity measures, and
comprehensive preparedness strategies for potential public health emergencies [4].

Since its first detection in South America in late 2022, clade 2.3.4.4b HPAI H5N1 has caused
extensive outbreaks in wild birds and poultry across the continent. In Argentina during 2023, several
outbreaks of A(H5N1) clade 2.3.4.4b were reported in birds —including wild birds, backyard poultry,
and commercial flocks — as well as in marine mammals (South American sea lions) [5].
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In early 2025, Argentina reported the first evidence of a novel triple reassortant A(H5N1) virus
in the Chaco Province (located in the northeast of the country), with gene segments derived from
Eurasian H5N1 (HA, NA and MP), North American low pathogenic avian influenza (LPAI) (NP) and
South American LPAI lineages (PA, PB1, PB2 and NS). Such events highlight the dynamic evolution
of H5N1 in the Americas [6].

In this study, we present a preliminary genomic analysis of H5N1 viruses detected during
subsequent outbreaks in Argentina in 2025 (Figure 1). Between July and September, five additional
outbreaks were reported in Buenos Aires and Entre Rios provinces, in the central region of the
country, where the triple-reassortant H5N1 virus was also identified. Importantly, the most recent
sequences obtained maintained the reassortant constellation while also showing additional amino
acid substitutions.
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Figure 1. Maximum-likelihood phylogeny of hemagglutinin (HA) gene sequences of HPAI H5N1 viruses
detected in Argentina, 2023-2025. All Argentine sequences are shown in blue; 2025 outbreaks are indicated by
colored squares corresponding to distinct geographic events. Viruses from 2025 form a separate clusters relative
to those detected in 2023.
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2. Materials and Methods

Tracheal and/or cloacal swabs were collected from domestic birds during official investigations
of four avian influenza outbreaks that occurred in Buenos Aires and Entre Rios provinces between
July and September 2025 as part of the active and passive surveillance activities conducted by
SENASA. Samples were submitted to the SENASA Official Laboratory for influenza A detection and
H5 subtype confirmation by RT-qPCR following the recommendations of the WOAH Manual of
Diagnostic Tests and Vaccines for Terrestrial Animals (2022) and the laboratory’s standard operating
procedures.

A total of 23 A(H5N1)-positive samples (22 poultry and 1 duck) were selected for whole-genome
sequencing. Viral RNA was extracted from clinical material, reverse-transcribed, and amplified using
a multisegment RT-PCR approach targeting all eight influenza genome segments. Sequencing
libraries were prepared from the resulting amplicons and sequenced on Illumina platforms.
Consensus genomes were assembled using IRMA (v1.0.3) with default parameters.

To assess potential adaptive changes, amino acid substitutions in HA and PB2 were screened for
known host-specificity markers and other relevant mutations using the GISAID FluServer tool [7]. In
addition, all genomes were analyzed with GenoFLU [8] to evaluate genomic constellations and
determine whether sequences corresponded to previously recognized H5N1 genotypes or
represented novel reassortant combinations.

3. Results

A phylogenetic tree of HA sequences including viruses from the July—-September 2025 outbreaks
and the triple-reassortant strain identified in January 2025 in Chaco Province showed that all recent
viruses cluster within the same reassortant lineage but with clear diversification, consistent with
ongoing local evolution (Figure 1).

Analysis of the HA gene sequences revealed several amino-acid substitutions (Figure 2). The
P251S mutation in the HA of H5N1, located within the 130-loop, a region critical for receptor binding.
While this specific mutation has not been widely reported in the literature, its structural location
suggests it could influence receptor affinity and potentially affect mammalian adaptation. Mutations
in nearby positions, such as 5227N (H3 numbering), have been associated with shifts in receptor
specificity toward human-type a2,6-linked sialic acids [9].The T204K mutation, is located within the
receptor-binding site (RBS) and has also been associated with shifts in receptor specificity. Studies
have demonstrated that mutations at position 192 can convert the HA from recognizing avian-type
a2,3-linked sialic acids to human type a2,6-linked sialic acids, enhancing the virus’s ability to infect
human respiratory epithelial cells [10].

oo [sem 7500 =]

@1 DIF oo+ B

Figure 2. Amino acid alignments of hemagglutinin (HA) and polymerase basic protein 2 (PB2) genes of highly
pathogenic avian influenza A(H5N1) viruses detected in Argentina, 2025, compared with reference sequences
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A/American_wigeon/South_Carolina/22-000345-001/2021 (HA) and A/Duck/Guangdong/E1/2012(H10NS)
(PB2).

Regarding the PB2 gene, none of the 12 contained the E627K, Q591K or D701N substitution, well-
recognized determinants of enhanced polymerase activity in mammalian hosts [1,11,12]. However,
they all shared several mutations, including 1292M, which, according to the FluServer tool, is
associated with a host-specific characteristic involved in adaptation for human-to-human
transmission (Figure 2).

GenoFLU analysis showed that the 2025 Argentine viruses could not be assigned to any
previously described genotype, supporting the occurrence of reassortment events. Considerable
genetic divergence was also observed among the sequences.

4. Discussion

The genomic characterization of A(H5N1) viruses detected during poultry outbreaks in central
Argentina in 2025 demonstrates continued circulation and diversification of the triple-reassortant
lineage first reported earlier that year. The persistence of this lineage across multiple outbreaks,
together with the detection of recurrent HA substitutions linked to human-type receptor binding,
suggests ongoing adaptive evolution. Although classical PB2 mammalian-adaptation markers were
absent, the consistent presence of 1292M highlights the need to further investigate its functional
significance in the context of clade 2.3.4.4b viruses.

The inability to classify these viruses into existing genotypes through GenoFLU, along with the
observed genomic heterogeneity, reinforces the dynamic nature of H5N1 evolution in the region.
These findings underscore the importance of sustained genomic surveillance and rapid data sharing
to detect emerging variants and evaluate their potential zoonotic risk. Continued multisectoral
coordination within the national surveillance system is essential to support early outbreak detection,
risk assessment, and prompt implementation of control measures.Authors should discuss the results
and how they can be interpreted from the perspective of previous studies and of the working
hypotheses. The findings and their implications should be discussed in the broadest context possible.
Future research directions may also be highlighted.
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The following abbreviations are used in this manuscript:

HPAI Highly Pathogenic Avian Influenza
LPAI Low Pathogenic Avian Influenza
RBS Receptor Binding Site
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