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A B S T R A C T

H10 subtype avian influenza viruses were endemic in wild and domestic avian species worldwide. Strikingly, it 
frequently crossed the species barrier to infect mammalian hosts. Human infection with H10N3 and H10N8 were 
reported previously. Recently, a 63-year-old woman from Anhui province of China who died from a mixed 
infection of H3N2 and H10N5 influenza viruses, which have drawn widespread public health attention. Here, we 
perform the evolutionary dynamics of H10N5 influenza viruses of bird- and human-origin worldwide, and found 
that wild bird-origin H10N5 influenza viruses from China did not cluster together with human-origin H10N5 
influenza viruses, while grouped together with LPAIV gene pools circulating in wild birds that derived from other 
Eurasian countries. Human-derived H10N5 virus is a novel reassortant, which frequently reassorted with wild 
bird-derived influenza viruses, and in turn, spillover into humans. Collectively, our results suggested that H10 
subtype influenza viruses continuously pose threat to public health.

1. Introduction

Recent study frequently reported that H10Nx avian influenza viruses 
(AIVs) of wild bird-origin in China pose new threat to mammals [1–4], 
suggesting that H10 subtype AIV is a new threat to public health. 
Notably, the emergence of H10N3 avian influenza virus (AIV) had 
caused human infection [5,6]. Besides, it is also reported that chicken- 
origin H10N3 influenza virus could be transmitted between guinea 
pigs via respiratory droplets [7]. In recent decades, H10Nx viruses have 
become endemic in birds and mammals, and 5 cases of human infection 
with H10 subtype influenza viruses were frequently reported in China. 
These results suggest that H10 subtype influenza viruses pose increased 
threat to public health. Strikingly, on December 16, 2023, a 63-year-old 
woman from Anhui province who died from a mixed infection of H3N2 
and H10N5 influenza viruses according to the National Disease Control 
and Prevention Administration of the People's Republic of China 
(https://www.ndcpa.gov.cn/jbkzzx/c100008/common/content/con 
tent_1752234546782195712.html). To assess the evolutionary dy-
namics of H10N5 influenza viruses, we systematically explored the 
global distribution and genomic evolution of H10N5 influenza viruses in 
birds and mammals.

2. Methods

All of the genomes of H10N5 influenza virus across the globe were 
download from GISAID's EpiFlu Database. In addition, we downloaded 
the reference gene sequences that were genetically closely related to the 
H10N5 influenza viruses from GISAID's EpiFlu Database. After filtering 
low quality gene sequences (i.e., large account of the deletion of frag-
ments), a total of 271, 275, 250, 196, 215, 210, 202, and 220 reference 
sequences in PB2, PB1, PA, HA, NP, NA, M, and NS were obtained, 
respectively. To perform the evolutionary dynamics of H10N5 influenza 
viruses, we conducted the phylogenetic analysis of H10N5 influenza 
viruses across the globe. Firstly, we removed sequences with 100 % 
nucleotide homology. Then, multiple sequence alignment of these se-
quences was conducted using MAFFT in PhyloSuite [8], with the 
alignment mode of normal, export format of auto, and code table of the 
standard code. Subsequently, IQ-tree (v1.6.12) in PhyloSuite was used 
to construct a maximum likelihood (ML) tree of eight gene segments of 
H10 subtype influenza viruses from GISAID's EpiFlu Database [8]. 
Maximum likelihood (ML) phylogenies for the codon alignment of eight 
gene segments were estimated using the GTR + G nucleotide substitu-
tion model in the IQ-TREE. The State freq is Empirical (from data). Node 
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support was determined by nonparametric bootstrapping with 1000 
replicates. The phylogenetic tree was graphically illustrated in the Fig-
Tree (version 1.4.3) program (http://tree.bio.ed.ac.uk/software/figtree 
/).

3. Results and discussion

According to the GISAID's EpiFlu Database, we found that H10N5 
influenza viruses were mainly prevalent in US, and only few wild bird- 
derived H10N5 viruses were isolated in China (Fig. 1A). The main 
host species of H10N5 influenza viruses were aquatic birds. We then 
conducted the phylogenetic analysis of H10N5 influenza viruses of 
human- and bird-origin. In this study, we found that the HA and NA 
genes of human-derived H10N5 viruses were genetically closely related 
to A/Anser albifrons/South Korea/163–5/2022(H10N7) and A/envi-
ronment/Bangladesh/52158/2022(H10N5) isolates, respectively, while 
the internal genes were derived from varies subtype influenza viruses of 
wild bird-origin in different regions (Fig. 1B and Fig. 2).

Specifically, the PB2 and PB1 genes of human-origin H10N5 virus 
were genetically closely related to low pathogenic avian influenza virus 
(LPAIV) gene pool from Korea and Japan during 2022 to 2023, while PA 
gene of human-origin H10N5 virus were genetically closely related to 
environment-origin H10Nx virus from Bangladesh during 2022 (Fig. 1B 

and Fig. 2). For NP, M, and NS genes, the genome was closely related to 
LPAIV gene pool of bird-origin from South Korea, and the NP gene of 
human-origin H10N5 and H7N4 viruses cluster together (Fig. 1B and 
Fig. 2). These results suggested that the genomes of wild bird-origin 
H10N5 influenza viruses from China did not cluster together with 
human-derived H10N5 influenza viruses, while grouped together with 
LPAIV gene pools circulating in wild birds that derived from Eurasian 
countries (Supplementary Fig. 1–8), indicating that human-derived 
H10N5 virus is a novel reassortant, which frequently reassorted with 
wild bird-derived influenza viruses, and in turn, spillover into humans 
(Supplementary Fig. 9). Molecular characterization indicated that the 
HA protein of bird- and human-origin H10N5 influenza viruses across 
the globe contained Q and G in amino acid residue 226 and 228, 
respectively, indicating that H10N5 influenza virus preferentially bind 
to avian-like sialic acid receptor, and human-origin H10N5 influenza 
viruses did not bear the E627K, A588V, and D701N mammalian adap-
tive mutations in the PB2 protein. These results suggest that human- 
origin H10N5 influenza viruses did not acquire increased virulence 
and transmission ability in mammals.

The dissemination of wild birds accelerates the spread of influenza 
viruses across the globe. Sustained wild bird-derived influenza epidemic 
repeatedly spill over and spill back from domestic birds [9]. The recently 
emerged avian influenza viruses, such as H3N8, H5N6, H10N3, and 

Fig. 1. Global distribution and phylogenetic trees of H10N5 influenza viruses. (A) Global distribution of bird-origin H10N5 influenza viruses and human infection 
with H10 subtype influenza viruses. The size of the dot represents the number of H10N5 influenza viruses. The red, blue, and green human cartoon represents human 
case of H10N5, H10N3, and H10N8 infection. The map was drawn by R software. (B) Phylogenetic trees of surface genes (HA and NA) of H10N5 influenza viruses. 
The red lines represent H10N5 isolates. All branch lengths were scaled according to the numbers of substitutions per site. Maximum likelihood (ML) phylogenies for 
the codon alignment of HA gene segments were estimated using the GTR + G nucleotide substitution model in the IQ-TREE. Node support was determined by 
nonparametric bootstrapping with 1000 replicates. The phylogenetic tree was graphically illustrated in the FigTree (version 1.4.3) program (http://tree.bio.ed.ac. 
uk/software/figtree/). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 2. Phylogenetic trees of internal genes of H10N5 influenza viruses. The red lines represent H10N5 isolates. All branch lengths were scaled according to the 
numbers of substitutions per site. Maximum likelihood (ML) phylogenies for the codon alignment of HA gene segments were estimated using the GTR + G nucleotide 
substitution model in the IQ-TREE. Node support was determined by nonparametric bootstrapping with 1000 replicates. The phylogenetic tree was graphically 
illustrated in the FigTree (version 1.4.3) program (http://tree.bio.ed.ac.uk/software/figtree/). (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.)
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H10N5 had frequently reassorted with wild bird-derived influenza vi-
ruses [9–11]. Therefore, the prevention and control of poultry-origin 
influenza virus is not enough. In China, poultry farming occurs in 
high-density environments and with free-range manner, which promote 
environments for birds to share common habitats [12]. The frequent 
contact between wild birds and poultry increases genomic mutation and 
reassortment of influenza viruses, which generate novel influenza vari-
ants that adapt to birds and humans. H10 subtype AIVs have been 
epidemic in multiple migratory bird flyways. H10 subtype AIVs were 
frequently isolated from different species of wild and domestic birds 
across the globe [1,2,13,14], and strikingly, had crossed host barriers to 
infect mammals, such as harbor seals and swine [15,16], posing signif-
icant public concerns.

Human infections with H10 subtype influenza viruses have been 
reported occasionally. In 2013, the first human case of H10N8 infection 
resulting in human death was reported in China [17,18], and followed 
by the reported cases of human infection with H10N3 influenza viruses 
[19]. These H10 subtype influenza viruses, together with the recently 
emerged H10N5 influenza viruses, were all novel reassotants that 
reassorted with wild bird-origin influenza viruses. Recent studies 
demonstrated that wild bird-origin H10Nx influenza virus replicated 
efficiently in the respiratory system without preadaptation, and can bind 
to both human-type α2,6-linked sialic acid receptors and avian-type 
α2,3-linked sialic acid receptors [1]In addition, other studies had 
proved that H10N7 influenza viruses had gained aerosol or respiratory 
droplet transmissibility between ferrets [20], and chicken-origin H10N3 
influenza virus could be transmitted between guinea pigs via respiratory 
droplets [11], which suggested that H10 subtype influenza viruses had 
acquired the airborne transmission, posing increased public health 
threat. Therefore, the routine surveillance and prevention of wild bird- 
derived influenza viruses are needed. Large scale poultry farming 
instead of free-range style is essential in the future to reduce the contact 
between wild birds and domestic poultry, which can prevent the gen-
eration of novel variants at their origin and reduce human infection.

4. Limitation of the study

This study has several limitations. Firstly, due to the limited sample 
size of human-origin H10N5 influenza viruses, we cannot performed 
dynamic evolution of H10N5 influenza viruses in human populations. In 
addition, sampling bias in the sequence may have affected the results. In 
most countries, domestic poultry were sampled more intensively than 
wild birds, and only few sampling sites of wild birds were conducted. 
Therefore, more comprehensive H10 subtype influenza surveillance of 
wild bird and human-origin should be enhanced in the future. Secondly, 
the study have described the evolutionary dynamics of bird and human- 
origin H10N5 influenza viruses across the globe. However, conducting 
the biological characteristics of H10N5 influenza viruses in vitro is also 
important to assess the risk to humans. Therefore, complementary 
experimental approaches will be conducted in future studies.

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.onehlt.2024.100893.
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