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In recent years, the avian influenza virus has emerged as a significant threat to
both human and public health. This study focuses on a patient infected with the
H10N3 subtype of avian influenza virus, admitted to the Third People’s Hospital of
Kunming City on March 6, 2024. Metagenomic RNA sequencing and polymerase
chain reaction (PCR) analysis were conducted on the patient's sputum,
confirming the H10N3 infection. The patient presented severe pneumonia
symptoms such as fever, expectoration, chest tightness, shortness of breath,
and cough. Phylogenetic analysis of the Haemagglutinin (HA) and neuraminidase
(NA) genes of the virus showed that the virus was most closely related to a case of
human infection with the H10N3 subtype of avian influenza virus found in
Zhejiang Province, China. Analysis of amino acid mutation sites identified four
mutations potentially hazardous to human health. Consequently, this
underscores the importance of continuous and vigilant monitoring of the
dynamics surrounding the H10N3 subtype of avian influenza virus, utilizing
advanced genomic surveillance techniques.

KEYWORDS

H10N3, avian influenza A virus, human infection, phylogeny analysis, mutation

Introduction

With the continuous advancement of urbanization and rural development, the
frequency and scope of contact between humans and animals are constantly expanding
(Schell et al., 2021). In cities, people have close contact with poultry and pets, while in rural
areas, farmers and breeders deal directly with poultry and livestock. This kind of contact is
not limited to daily life, but also includes activities such as poultry raising, breeding,
slaughtering, and other activities, providing opportunities for the spread of pathogens
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(Tobin et al., 2015; Moyen et al., 2021). Moreover, increased global
trade and travel have intensified the risk of cross-border disease
transmission (Shah et al., 2019). The international trade of animals
and their products facilitates the rapid spread of pathogens
worldwide. Simultaneously, human transnational travel creates
favorable conditions for pathogen dissemination. The occurrence
of a single case can rapidly attract global attention and vigilance. In
this era of interconnectedness and swift information dissemination,
avian influenza, as a significant zoonotic viral infectious disease, has
garnered considerable concern due to its potential transmission
risks and hazards. Consequently, enhancing surveillance,
prevention, and control measures for zoonotic diseases like avian
influenza has emerged as a crucial global public health priority.
Avian influenza virus is a type of RNA virus, classified under the
genus Influenza A virus of the family Orthomyxoviridae, and is
categorized into types A, B, C, and D (Hu et al, 2018). Among
these, avian influenza A virus is particularly concerning for human
health, as it can lead to severe illness and even fatalities. Avian
influenza virus is polymorphic, with a spherical diameter ranging
from 80 to 120 nm and possessing an envelope. Its genome consists
of segmented single-stranded negative-sense RNA, making it highly
variable (Spackman, 2008). Based on the antigenicity of its
hemagglutinin (HA) and neuraminidase (NA) proteins on the
outer membrane, it is currently classified into 18 H subtypes (H1-
H18) and 11 N subtypes (N1-N11) (Li et al, 2021). Human
transmission of avian influenza viruses usually occurs through
contact with infected poultry or their excreta, secretions, etc.,
particularly in settings such as poultry farming, slaughtering, and
handling, where the risks are heightened (Wong and Yuen, 2006).
Individuals infected with avian influenza virus may display a range
of symptoms, with severity varying among cases (Horman et al,
2018). Common symptoms include fever, cough, runny nose,
headache, muscle and joint pain, fatigue, breathing difficulties,
chest tightness, respiratory failure, nausea, vomiting, diarrhea, etc.
Infection with this virus can lead to severe complications like
pneumonia and acute respiratory distress syndrome (ARDS),
especially in individuals with underlying health conditions or
weakened immune systems. Therefore, prompt medical attention
is essential when experiencing such symptoms, especially if severe
manifestations like breathing difficulties arise. To date, confirmed
subtypes of avian influenza A viruses that have infected humans
include H6N1, HON2, HI0N8, H5N6, H7N4, HI0N3, and H5NS,
etc (Yang et al., 2022). Patients infected with H5N1, in particular,
often experience severe illness with a high mortality rate.
Currently, avian influenza virus infection cannot be diagnosed
based on clinical manifestations alone; instead, laboratory testing is
required (Geyer et al., 2022). Commonly used laboratory testing
methods include serological diagnostic methods such as
hemagglutination and hemagglutination inhibition tests,
neuraminidase inhibition test, agarose diffusion test, and enzyme-
linked immunosorbent assay. Additionally, molecular biology
diagnostic technologies such as reverse transcription PCR (RT-
PCR), fluorescent RT-PCR, and Next Generation Sequencing
(NGS) are employed. NGS technology, in particular, provides a
powerful tool for the detection and research of avian influenza
viruses (Soda et al, 2023). It allows high-throughput and deep
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sequencing of viral genomes, providing detailed genomic
information, including the virus’s full genome sequence,
mutations, recombination events and gene expression levels
(Quer et al, 2022). This technology not only enables highly
sensitive and specific detection, but also aids researchers in
understanding virus evolution, transmission, and host interactions.

In recent years, human infection with avian influenza virus has
been frequently reported around the world, especially involving
subtypes H5, H7, and other (Gao, 2018; Liang, 2023; Szablewski
et al,, 2023). Among these, human infections with H10 avian
influenza A virus have been reported globally, including subtypes
H10N7, HI0N8, and HI0N3 (Arzey et al., 2012; Chen et al., 2014).
The H10N3 subtype of avian influenza A virus has been circulating
among waterfowl and poultry in East and South Asia for decades,
with rare instances of human infection (Wisedchanwet et al., 2011).
The first recorded human cases of Avian-Origin Influenza A
(H10N3) virus occurred in Jiangsu, China, in April 2021 (Qi
et al,, 2022), followed by a second case reported in Zhejiang in
June 2022 (Zhang et al,, 2023).

In this study, we utilized metagenomic NGS (mNGS) and
nanopore metagenomic sequencing to document the first
recorded instance of human infection with avian influenza A
virus H10N3 in Yunnan Province. This case marks the
occurrence of HION3 human infection in China. To elucidate the
virus’s origin, we conducted a comprehensive epidemiological
investigation, performed phylogenetic analysis, and aligned the
virus’s entire genome sequence with homologous sequences.
Additionally, to evaluate the virus’s adaptability and pathogenicity
in human hosts, we analyzed the amino acid mutation sites of three
HI10N3 subtype AIV infections among humans.

Materials and methods
Data collection

On March 6, 2024 the patient went to Kunming Third People’s
Hospital for treatment due to persistent fever for many days. The
diagnosis revealed severe pneumonia, type I respiratory failure, and
infection with avian influenza A virus. After the diagnosis of avian
influenza A virus infection, the patient underwent investigation
through questionnaires, which included demographic information,
poultry contact history, underlying health conditions, and other
relevant data.

Genomic analysis and genome assembly

Multiple amplification products were obtained using influenza
A virus genotyping gene targeted amplification kit (BaiyiTech,
Hangzhou). The amplified products were purified using ampure
XP beads nucleic acid magnetic bead Purification Kit (Beckman,
USA) and the library was constructed. The library was constructed
by ligation method with the kit sqk-nbd114.24 (Nanopore, UK).
After the library was constructed, it was added to the flo-min 114
sequencing chip (Nanopore, UK), and high-throughput sequencing
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was performed on the gridion X5 third-generation sequencer. All
experimental procedures were meticulously performed in strict
accordance with the instructions provided by the respective kits
and the requirements for the nanopore third-generation high-
throughput sequencing.

Phylogenetic analysis

The nucleotide sequences obtained were analyzed in the
Genbank and GISAID databases (www.gisaid.org) using
Nucleotide Basic Local Alignment Search Tool (BLAST) software
of NCBI to initially determine the virus subtypes. Similar HA and
NA nucleotide sequences were downloaded for phylogenetic
analysis. The nucleotide and amino acid sequences were aligned
using MAFFT (v7.310), and the phylogenetic trees was constructed
based on the neighbor-joining method using MEGA-X.

Ethics statement

The patient and his family members signed consent forms
approving the investigation, sample collection and its publication.
The procedures were in accordance with the Helsinki declaration of
1975, as revised in 1983. This study was approved by the Medical
Ethics Committee at Kunming hird People’s Hospital (No.
KSLL20230711009) and adhered to the guidelines established in
the Declaration of Helsinki. To protect patients’ personal
information, including names and ID numbers, it was encrypted
before use.

Results

A previously healthy 51-year-old male experienced recurrent
fever for a week, reaching a maximum temperature of 39°C,
accompanied by symptoms of cough, expectoration, chest
tightness, and shortness of breath. Despite seeking medical
attention at the local community health service center, his
symptoms did not significantly improve. Consequently, he was
transferred to the Department of Respiratory and Critical Care
Medicine at the Third People’s Hospital of Kunming City in
Yunnan Province, Southwest China, on March 6, 2024.

Upon admission (7 days after the onset of illness), the patient
presented with a temperature of 39°C, a pulse rate of 110 beats per
minute, a respiratory rate of 28 breaths per minute, oxygen
saturation of 78%, and blood pressure measuring 105/70 mmHg
(Table 1). Laboratory tests revealed a low white blood cell count,
elevated neutrophil percentage, decreased platelet count, and
elevated levels of infectious markers. Additionally, a throat swab
specimen tested positive for influenza A virus nucleic acid by PCR
(Table 2). Chest computed tomography (CT) revealed multiple
patchy and increased density shadows in both lungs, characterized
by unclear boundaries and uneven density (Figure 1). The initial
diagnosis upon admission included severe pneumonia, type I
respiratory failure, and influenza attributed to influenza A virus.
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TABLE 1 Patient’s characteristics and clinical symptoms.

Characteristic/ = Value

Symptom

Age (years) 51

Sex Male

Date of illness onset 29 Feb 2024
Date of admission 6 Mar 2024
Date of discharge 17 Apr 2024
Signs or symptoms

Fever Yes

Body temperature 39.0

(0

Cough Yes

Sputum production Yes

Dizzy Yes
Weakness Yes

Chest tightness Yes

Bacterial culture Staphylococcus epidermidis, Acinetobacter joni,

Carbapenem-resistant Enterobacter cloacae

Fungi culture Candida albicans

Glucocorticoid Yes
therapy

Antibiotic therapy Meropenem, omacycline, voriconazole,

levofloxacin, amikacin

Antiviral therapy Oseltamivir

Anticoagulant
therapy

Low molecular weight heparin calcium

Oxygen therapy Noninvasive ventilator positive pressure ventilation

The patient was administered oseltamivir (150mg, twice daily)
and methylprednisolone (80mg, once daily) and corresponding
antibiotics for treatment. Subsequent sputum culture results
revealed infection with Candida albicans and Staphylococcus
epidermidis and Acinetobacter joni and Carbapenem-resistant
Enterobacter cloacae, prompting the administration of appropriate
antibiotics (Table 1). The patient’s fever subsided on March 17th
(18 days after illness onset), and on March 19th (20 days after illness
onset), the nucleic acid test for influenza A virus returned negative
results for the first time. Subsequent test results on March 21st (22
days after illness onset) indicated normalization of the patient’s
white blood cell count, along with a decrease or return to normal
levels of infection markers. However, the patient exhibited
prolonged prothrombin time. Chest computed tomography scans
showed a reduction in lesions compared to previous scans
(Figure 1). The lung lesions were noticeably absorbed, and there
was no chest tightness or dyspnea. The patient was discharged on
April 17th, and home oxygen therapy was recommended.

Although the nucleic acid detection of influenza A virus
confirmed the patient’s infection with influenza A virus, it could
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TABLE 2 Laboratory Test Results.

Indicators Normat
range
White Blood Cell (x10%cells/L) 212 8.58 3.50-9.50
Neutrophil (x10°cells/L) 1.80 7.19 1.80-6.30
Neutrophil percentage (%) 84.90 83.90 40.00-75.00
Lymphocyte (x10°cells/L) 0.26 0.74 1.10-3.20
Lymphocyte percentage (%) 12.30 8.60 20.00-50.00
Blood platelet (x10°cells/L) 79 223 125-350
Prothrombin time (s) 15.9 16.6 14.0-16.0
Z;ell:)sensitive C-reactive protein 249.41 21.93 0.00-6.00
Lnterleukin-6 (pg/mL) 78.99 8.26 0.00-7.00
Procalcitonin (ng/mL) 14.040 0.248 <0.500
pO, (mmHg) 32.00 68.40 80.00-100.00
pCO, (mmHg) 32.00 52.10 35.00-45.00
Nucleic acid testing for influenza Positive | Negative Negative

A virus

not determine the specific subtype. A sputum sample collected from
the patient on March 8 was confirmed as HION3 subtype by mNGS
and PCR in the Third People’s Hospital of Kunming City and the
Kunming City Center for Disease Control and Prevention (CDC).

10.3389/fcimb.2024.1433661

However, epidemiological investigations revealed that the patient
had a history of raising various birds, including chickens, ducks,
geese, pigeons, peacocks, and ostriches. Notably, more than 20
chickens and geese died in the week preceding the onset of his
illness, and he had a history of slaughtering these birds. However,
the virus has not been detected in the environment or in poultry
carcasses. No avian influenza A virus infection was detected in his
close contacts.

To obtain the complete genome sequence of the virus and
clarify its molecular characteristics, the Kunming City CDC
conducted nanopore sequencing (Nanopore, GridION X5) on the
samples, resulting in the acquisition of the whole genome
information of the samples (GISAID#EPIISL19067870), named
A/Yunnan/A/2024(H10N3). Online analysis using BLASTN
software on the GISAID website revealed that all eight gene
segments of the HION3 virus strain in our case originated from
Eurasian avian influenza viruses. Analysis of the evolutionary trees
of the Haemagglutinin (HA) and neuraminidase (NA) genes
suggested that the patient’s strain is a cross-species infection of
the HI0N3 virus, which has been prevalent in poultry in China in
recent years (Figure 2). Homologous comparison in GenBank with
BLAST revealed a high similarity between Yunnan strain’s HA gene
(98.64%) and NA gene (99.43%) with A/Zhejiang/1412/2022
(H10N3) virus (Table 3). Further analysis of amino acid mutation
sites revealed a mutation at the 226th amino acid residue in the
receptor binding site of the HA protein, where the amino acid
changed from Q to L. Additionally, key mutations were identified,
including D701N of PB2 protein, S409N of PA protein, and S3IN of
M2 protein (Table 4).

FIGURE 1

Computed tomography of lung. (A, B) Results on March 6, 2024 showed that multiple patchy and patchy increased density shadows were seen in
both lungs, with unclear boundary and uneven density; (C, D) Results on March 23, 2024 showed a reduction in lesions compared to previous scans.
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FIGURE 2

Phylogenetic trees of HLON3 strains based on nucleotide sequence.
(A) Phylogenetic tree of HA; (B) Phylogenetic tree of NA. The
Phylogenetic trees were downloaded from the GISAID database
(https://gisaid.org) using the neighbor-joining method in MEGA X.
The diamond indicates the H10N3 strain in this study, and the
octagon indicates the HION3 strain from the first case in Jiangsu.

Discussion

Avian influenza virus is typically known for its strong
host species preference and limited transmission to other species
(Kim et al.,, 2021). However, due to the 8-segment nature of the viral
genome and the RNA error replication mechanism, frequent
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recombination and mutation of the virus can occur, potentially
enabling it to survive and spread in other species (Kim et al., 2021).
As a result, various strains of avian influenza viruses have been
identified in marine mammals, terrestrial poultry, horses, dogs,
pigs, and notably, humans (Lloren et al,, 2017; Kim et al., 2021;
Kok et al., 2023).

The patient in Yunnan not only exhibited infection with the
H10N3 subtype of influenza A virus but also presented with a mixed
infection involving drug-resistance bacteria and fungi, making the
condition complex. It’s worth noting that severe pneumonia
patients infected with avian influenza often experience concurrent
or secondary bacterial and fungal infections (Chow et al., 2019).
Therefore, it is recommended to conduct repeated sputum culture,
respiratory tract aspirate culture, or mNGS detection in clinical
settings to identify the types of bacteria or fungi present, as well as
their susceptibility or resistance patterns. This approach enables
clinicians to make informed decisions regarding antibiotic selection
and guide appropriate clinical treatment strategies.

The clinical manifestations of avian influenza A virus infection
vary depending on the virus subtypes involved. For instance,
infection with H5N1 and H7N9 subtypes can lead to severe
pneumonia and related complications in patients. Conversely,
certain subtypes such as H7 and H9 may only induce
conjunctivitis or mild respiratory symptoms (Liu et al., 2013).
It’s important for healthcare providers to be aware of these
differences in clinical presentation when diagnosing and
managing cases of avian influenza virus infection. As of now,
only two cases of human infection with the HION3 subtype have
been reported. The symptoms observed in the patient infected
with HION3 in this case closely resemble those documented in
the two previously known cases of HION3 infection. Notably,
all cases resulted in severe pneumonia in the affected patients
(Qi et al., 2022; Zhang et al., 2023).

However, the molecular features of these cases are different, and
our case has some different mutations. The Q226L mutation makes
the virus more adept at binding to human o-2,6-sialic acid
receptors, significantly increasing the likelihood of human
infection (Shi et al, 2014). The mutation D701N in the PB2
protein has been shown to enhance the replication activity of
avian influenza RNA polymerase within the human body.
This mutation also increases the adaptability and pathogenicity
of the virus to the human host, potentially serving as a crucial
factor in avian influenza viruses crossing the host species barrier
(Li et al., 2005). The presence of the S409N mutation in the PA
protein suggests the potential for infectivity in humans and may
contribute to increased pathogenicity of this particular virus strain
(Finkelstein et al., 2007). The S31N mutation in the M2 protein has
been associated with resistance to adamantanes, a class of antiviral
drugs (Pielak et al., 2009). This mutations in the protein of
the Yunnan HION3 virus strain underscores the potential for
increased threat posed by HION3 in humans. Therefore, it is
imperative to closely monitor the dynamics of this subtype.

The case of human infection with HI0ON3 avian influenza A
virus highlighted in this study involved close contact with live birds,
particularly through the handling and slaughtering of dead birds.
Although there is no direct evidence, it is likely that this exposure
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TABLE 3 Sequence similarity comparison, A/Yunnan/A/2024(H10N3) compared with A/Zhejiang/1412/2022(H10N3) (ZJ1412) and A/Jiangsu/428/2021
(H10N3) (3S428).

Description = Query cover  Per.ldent ACC.LEN Description = Query cover  Per.ldent ACC.LEN
PB2 NP

ZJ1412 97% 99.12% 2280 ZJ1412 96% 99.47% 1497
J$428 99% 96.67% 2280 J$428 100% 96.19% 1497
PB1 NA

ZJ1412 98% 99.65% 2274 ZJ1412 98% 99.43% 1410
J$428 99% 95.78% 2274 J$428 100% 98.01% 1410
PA MP

ZJ1412 97% 99.44% 2151 ZJ1412 95% 99.49% 982
J$428 96% 97.21% 2151 J$428 95% 97.56% 982
HA NS

ZJ1412 99% 98.64% 1686 7J1412 97% 99.39% 838
JS428 100% 97.27% 1686 J$428 94% 96.66% 838

eventually resulted in the patient contracting avian influenza and

experiencing severe illness. This underscores the importance of

paying special attention to instances of unexpected bird deaths
and promptly reporting such cases. Moreover, it emphasizes the

necessity of establishing a comprehensive avian influenza

surveillance system, not only within Yunnan but also globally,

to continuously and vigilantly monitor the HION3 virus strain

and its potential impact on human health.

TABLE 4 Mutations in A/Yunnan/A/2024(H10N3) and JS428 and ZJ1412, by gene.

: . . . Jiangsu Zhejian
Biological function Mutation /4289 /141]2 9
HA Receptor binding sites Q226L L Q Q
G228S G S G
R2291 R I R
Cleavage site PEIIQGR|G PEIIQGR|G PEIIQGR|G
NA Antiviral resistance E119V E E E
Q136K Q Q Q
1222M I I 1
R292K R R R
R371K R R R
PB2 Mammalian adaptation Q591K Q K Q
E627K E E E
D701IN N D N
PB1 Increased transmission in ferret 1368V \% v \4
PA Host signature V100A v \Y% v
S409N N N N
M2 Antiviral resistance S31IN N N N
NS1 Increased virulence in mice D92E D D D
P42S P S N

Frontiers in Cellular and Infection Microbiology

06

frontiersin.org


https://doi.org/10.3389/fcimb.2024.1433661
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Dai et al.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/supplementary material.

Ethics statement

The studies involving humans were approved by Medical Ethics
Committee at Kunming Third People’s Hospital. The studies were
conducted in accordance with the local legislation and institutional
requirements. The human samples used in this study were acquired
from a by- product of routine care or industry. Written informed
consent for participation was not required from the participants or
the participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements. Written informed
consent was obtained from the individual(s) for the publication of
any potentially identifiable images or data included in this article.

Author contributions

JD: Conceptualization, Data curation, Supervision, Writing -
original draft, Writing — review & editing. JZ: Conceptualization,
Formal analysis, Software, Supervision, Writing - original draft,
Writing - review & editing. JX: Conceptualization, Resources,
Supervision, Writing - original draft, Writing - review & editing.
PZ: Data curation, Formal analysis, Methodology, Writing - review &
editing. YD: Data curation, Resources, Software, Visualization,
Writing - review & editing. QL: Conceptualization, Data curation,
Formal analysis, Methodology, Project administration, Writing -
review & editing. MH: Investigation, Methodology, Project
administration, Supervision, Writing - review & editing. XX:
Investigation, Methodology, Resources, Writing - review & editing.
QJ: Formal analysis, Investigation, Methodology, Writing — review &
editing. YL: Conceptualization, Methodology, Supervision, Writing —

References

Arzey, G. G, Kirkland, P. D., Arzey, K. E., Frost, M., Maywood, P., and Conaty, S.
(2012). Influenza virus A (HION?7) in chickens and poultry abattoir workers, Australia.
Emerg. Infect. Dis. 18, 814-816. doi: 10.3201/eid1805.111852

Chen, H,, Yuan, H,, Gao, R,, Zhang, ], Wang, D., and Xiong, Y. (2014). Clinical and
epidemiological characteristics of a fatal case of avian influenza A H10N8 virus infection: a
descriptive study. Lancet. 383, 714-721. doi: 10.1016/S0140-6736(14)60111-2

Chow, E. ], Doyle, J. D., and Uyeki, T. M. (2019). Influenza virus-related critical illness:
prevention, diagnosis, treatment. Crit. Care 23, 214. doi: 10.1186/s13054-019-2491-9
Finkelstein, D. B., Mukatira, S., Mehta, P. K., Obenauer, J. C., Su, X., and Webster, R.

G. (2007). Persistent host markers in pandemic and H5N1 influenza viruses. J. Virol.
81, 10292-10299. doi: 10.1128/JV1.00921-07

Gao, G. F. (2018). From "A"IV to "Z'IKV: attacks from emerging and re-emerging
pathogens. Cell. 172, 1157-1159. doi: 10.1016/j.cell.2018.02.025

Geyer, R. E,, Kotnik, J. H,, Lyon, V., Brandstetter, E., Zigman Suchsland, M., and
Han, P. D. (2022). Diagnostic accuracy of an at-home, rapid self-test for influenza:
prospective comparative accuracy study. JMIR Public Health Surveill. 8, €28268.
doi: 10.2196/28268

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2024.1433661

original draft, Writing - review & editing. GL: Conceptualization,
Supervision, Writing — original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This
research was supported by Kunming Science and Technology
Bureau (2023-1-NS-007), Kunming Health Commission,
Kunming infectious disease precise diagnosis and treatment
center 2023-SW(JI)-28. This research was also supported by “The
Project of Health Science and Technology Talents Ten Hundred
Thousand’ in Kunming” 2021-SW(DAITOU)-06.

Acknowledgments

The authors thank the study subject and collaborating clinicians
for their participation and contribution to the work.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Horman, W. S.J., Nguyen, T. H. O., Kedzierska, K., Bean, A. G. D., and Layton, D. S.
(2018). The drivers of pathology in zoonotic avian influenza: the interplay between host
and pathogen. Front. Immunol. 9, 1812. doi: 10.3389/fimmu.2018.01812

Hu, C.J,, Chen, Y. T, Fang, Z. S., Chang, W. S., and Chen, H. W. (2018). Antiviral
efficacy of nanoparticulate vacuolar ATPase inhibitors against influenza virus infection.
Int. J. Nanomed. 13, 8579-8593. doi: 10.2147/IJN.S185806

Kim, E. H,, Kim, Y. L., Kim, S. M., Yu, K. M, Casel, M. A. B,, and Jang, S. G. (2021).
Pathogenic assessment of avian influenza viruses in migratory birds. Emerg. Microbes
Infect. 10, 565-577. doi: 10.1080/22221751.2021.1899769

Kok, A., Scheuer, R., Bestebroer, T. M., Burke, D. F., Wilks, S. H., and Spronken, M. L
(2023). Characterization of A/H7 influenza virus global antigenic diversity and key
determinants in the hemagglutinin globular head mediating A/H7N9 antigenic
evolution. mBio. 14, €0048823. doi: 10.1128/mbio.00488-23

Li, J., Liang, L., Jiang, L., Wang, Q., Wen, X, and Zhao, Y. (2021). Viral RNA-binding
ability conferred by SUMOylation at PB1 K612 of influenza A virus is essential for viral
pathogenesis and transmission. PLoS. Pathog. 17, €1009336. doi: 10.1371/
journal.ppat.1009336

frontiersin.org


https://doi.org/10.3201/eid1805.111852
https://doi.org/10.1016/S0140&ndash;6736(14)60111&ndash;2
https://doi.org/10.1186/s13054&ndash;019-2491&ndash;9
https://doi.org/10.1128/JVI.00921&ndash;07
https://doi.org/10.1016/j.cell.2018.02.025
https://doi.org/10.2196/28268
https://doi.org/10.3389/fimmu.2018.01812
https://doi.org/10.2147/IJN.S185806
https://doi.org/10.1080/22221751.2021.1899769
https://doi.org/10.1128/mbio.00488&ndash;23
https://doi.org/10.1371/journal.ppat.1009336
https://doi.org/10.1371/journal.ppat.1009336
https://doi.org/10.3389/fcimb.2024.1433661
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Dai et al.

Li, Z., Chen, H,, Jiao, P., Deng, G., Tian, G., and Li, Y. (2005). Molecular basis of
replication of duck H5N1 influenza viruses in a mammalian mouse model. J. Virol. 79,
12058-12064. doi: 10.1128/JV1.79.18.12058-12064.2005

Liang, Y. (2023). Pathogenicity and virulence of influenza. Virulence. 14, 2223057.
doi: 10.1080/21505594.2023.2223057

Liu, Q,, Liu, D. Y., and Yang,, Z. Q. (2013). Characteristics of human infection with
avian influenza viruses and development of new antiviral agents. Acta Pharmacol. Sin.
34, 1257-1269. doi: 10.1038/aps.2013.121

Lloren, K. K. S, Lee, T., Kwon, J. J., and Song, M. S. (2017). Molecular markers for
interspecies transmission of avian influenza viruses in mammalian hosts. Int. J. Mol.
Sci. 18, 2706. doi: 10.3390/ijms18122706

Moyen, N., Hoque, M. A., Mahmud, R., Hasan, M., Sarkar, S., and Biswas, P. K.
(2021). Avian influenza transmission risk along live poultry trading networks in
Bangladesh. Sci. Rep. 11, 19962. doi: 10.1038/s41598-021-98989-4

Pielak, R. M, Schnell, J. R., and Chou,, J. J. (2009). Mechanism of drug inhibition and
drug resistance of influenza A M2 channel. Proc. Natl. Acad. Sci. U.S.A. 106, 7379-
7384. doi: 10.1073/pnas.0902548106

Qi, X, Qiu, H, Hao, S,, Zhu, F,, Huang, Y., and Xu, K. (2022). Human infection with an avian-
origin influenza A (H10N3) virus. N. Engl. J. Med. 386, 1087-1088. doi: 10.1056/NEJMc2112416

Quer, J., Colomer-Castell, S., Campos, C., Andrés, C., Pifiana, M., and Cortese, M. F.
(2022). Next-generation sequencing for confronting virus pandemics. Viruses. 14, 600.
doi: 10.3390/v14030600

Schell, C. ., Stanton, L. A., Young, J. K., Angeloni, L. M., Lambert, J. E., and Breck, S.
W. (2021). The evolutionary consequences of human-wildlife conflict in cities. Evol.
Appl. 14, 178-197. doi: 10.1111/eva.13131

Shah, H. A., Huxley, P., Elmes, J., and Murray, K. A. (2019). Agricultural land-uses
consistently exacerbate infectious disease risks in Southeast Asia. Nat. Commun. 10,
4299. doi: 10.1038/s41467-019-12333-z

Frontiers in Cellular and Infection Microbiology

08

10.3389/fcimb.2024.1433661

Shi, Y., Wu, Y., Zhang, W., Qj, J., and Gao, G. F. (2014). Enabling the 'host jump":
structural determinants of receptor-binding specificity in influenza A viruses. Nat. Rev.
Microbiol. 12, 822-831. doi: 10.1038/nrmicro3362

Soda, K., Usui, T., Yamaguchi, T., and Ito, T. (2023). Multiple infections with H5N8
subtype high pathogenicity avian influenza viruses in a feral mallard. J. Vet. Med. Sci.
85, 849-852. doi: 10.1292/jvms.23-0124

Spackman, E. (2008). A brief introduction to the avian influenza virus. Methods Mol.
Biol. 436, 1-6. doi: 10.1007/978-1-0716-0346-8_7

Szablewski, C. M., Iwamoto, C., Olsen, S. J., Greene, C. M., Duca, L. M., and
Davis, C. T. (2023). Reported global avian influenza detections among
humans and animals during 2013-2022: comprehensive review and analysis
of available surveillance data. JMIR. Public. Health Surveill. 9, e46383. doi: 10.2196/
46383

Tobin, M. R, Goldshear, J. L., Price, L. B., Graham, J. P, and Leibler, J. H. (2015). A

framework to reduce infectious disease risk from urban poultry in the United States.
Public. Health Rep. 130, 380-391. doi: 10.1177/003335491513000417

Wisedchanwet, T., Wongpatcharachai, M., Boonyapisitsopa, S., Bunpapong, N.,
Jairak, W., and Kitikoon, P. (2011). Influenza A virus surveillance in live-bird
markets: first report of influenza A virus subtype H4N6, H4N9, and H10N3 in
Thailand. Avian. Dis. 55, 593-602. doi: 10.1637/9681-020811-Reg.1

Wong, S. S., and Yuen, K. Y. (2006). Avian influenza virus infections in humans.
Chest. 129, 156-168. doi: 10.1378/chest.129.1.156

Yang, R, Sun, H,, Gao, F., Luo, K., Huang, Z., and Tong, Q. (2022). Human infection
of avian influenza A H3N8 virus and the viral origins: a descriptive study. Lancet
Microbe 3, e824-e834. doi: 10.1016/S2666-5247(22)00192-6

Zhang, W., Zhang, Z., Wang, M., Pan, X,, and Jiang, X. (2023). Second identified
human infection with the avian influenza virus HION3: A case report. Ann. Intern.
Med. 176, 429-431. doi: 10.7326/1.22-0376

frontiersin.org


https://doi.org/10.1128/JVI.79.18.12058&ndash;12064.2005
https://doi.org/10.1080/21505594.2023.2223057
https://doi.org/10.1038/aps.2013.121
https://doi.org/10.3390/ijms18122706
https://doi.org/10.1038/s41598&ndash;021-98989&ndash;4
https://doi.org/10.1073/pnas.0902548106
https://doi.org/10.1056/NEJMc2112416
https://doi.org/10.3390/v14030600
https://doi.org/10.1111/eva.13131
https://doi.org/10.1038/s41467&ndash;019-12333-z
https://doi.org/10.1038/nrmicro3362
https://doi.org/10.1292/jvms.23&ndash;0124
https://doi.org/10.1007/978&ndash;1-0716&ndash;0346-8_7
https://doi.org/10.2196/46383
https://doi.org/10.2196/46383
https://doi.org/10.1177/003335491513000417
https://doi.org/10.1637/9681&ndash;020811-Reg.1
https://doi.org/10.1378/chest.129.1.156
https://doi.org/10.1016/S2666&ndash;5247(22)00192&ndash;6
https://doi.org/10.7326/L22&ndash;0376
https://doi.org/10.3389/fcimb.2024.1433661
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Phylogenetic and mutational analysis of H10N3 avian influenza A virus in China: potential threats to human health
	Introduction
	Materials and methods
	Data collection
	Genomic analysis and genome assembly
	Phylogenetic analysis
	Ethics statement

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


