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4th, 2023. Total RNA was extracted using a MagMax core nucleic acid puri�cation kit (ThermoFisher,
California, USA) and tested for RT-qPCR targeting the matrix gene [6]. Data on the positive birds for HPAI
H5N1 in the area was also collected from public data provided by the Brazilian Ministry of Agriculture
(https://mapa-indicadores.agricultura.gov.br/publico/extensions/SRN/SRN.html).

For each sample, ampli�cation of all 8 target genes was conducted using the SuperScript IV Reverse
Transcriptase kit (Thermo Fisher Scienti�c, USA) with the universal primers as previously described [7].
For next generation sequencing (NGS), library preparation was done using the Nextera XT DNA kit
(Illumina) and run on NextSeq 550 (Illumina, San Diego, California, USA) with NextSeq 500/550 Mid
Output Kit v2 (300-cycles). Genome assembly was performed and visualized using the map to reference
tool in Geneious Prime software (https://www.geneious.com). Assembled consensus genome sequences
were uploaded in the EpiFlu database of Global Initiative on Sharing All In�uenza Data (GISAID:
https://www.gisaid.org), under the accession numbers: (EPI_ISL_18669979 and EPI_ISL_18669996)

The complete coding sequences of the viruses were submitted to the GISAID BLAST database
(https://gisaid.org/) for the query of top 250 BLAST results of all eight genes Top 250 BLAST result
sequences were downloaded and aligned using the MAFFT versions 7.520
(https://mafft.cbrc.jp/alignment/software/) and 100% homology sequences were eliminated using the
ElimDupes (https://www.hiv.lanl.gov/content/sequence/elimdupesv2/elimdupes.html). Maximum-
likelihood (ML) trees were constructed using the RaxML v8.0 software using rapid bootstrapping replicate
of 1000 trees to search for best-scoring ML tree with general time-reversible + Gamma nucleotide
substitution model. ML trees were visualized using Interactive Tree of Life v6 (https://itol.embl.de/,
accessed on 11 December 2023)[8]. Genotype of the viruses were determined by examining ML
phylogeny topology and query result using the GenoFlu (https://github.com/USDA-VS/GenoFLU) [9].
Molecular markers associated with mammalian adaptation were screened using the FluSurver mutations
app (http://�usurver.bii.a-star.edu.sg) and previous publications [10]. For the estimation of the time to the
most recent ancestor (tMRCA) harboring the mutation, concatenated complete genome sequences of
South American H5N1 viruses of were used in combination with Bayesian phylogenetic analysis using
BEAST package 1.10.4 as previously described [11, 12]. Five out of eight samples from the respiratory
tract of four sea lions were tested positive by the RT-qPCR test using the AIV matrix gene as the target.
Among the positive samples, we sequenced two samples that had a cycle threshold (Ct) value ranging
below 25. We obtained complete coding genome sequences of two viruses and named as A/South
American sea lion/Brazil/OF-358R/2023 and A/South American sea lion/Brazil/OF-359R/2023 (hereafter,
OF-358R/23 and OF-359R/23). Only one sample from the digestive tract (animal OF-359) was positive by
the RT- qPCR with a Ct value of 33. None of the asymptomatic birds collected by our group tested positive
for the RT- qPCR speci�c for AIV. Ten outbreaks in birds and one in sea lions were reported in Santa
Catarina from September to October by the O�cial Veterinary Service (OVS) of the Ministry of Agriculture
(Fig. 2). Maximum-likelihood (ML) phylogenies constructed using the internal genes revealed that the OF-
358R/23 and OF-359R/23 viruses clustered with the previously reported South American clade 2.3.4.4 b
H5N1 HPAIVs (Supplementary Figure S1). Genotype BLAST search using the GenoFlu also identi�ed the
eight genes as genotype B3.2 with less than 1% nucleotide difference [9]. No evidence of genetic


















