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Summary
What is known about this topic?
Global  human  cases  of  zoonotic  influenza  A(H5N6)
have  increased  significantly  in  recent  years,  primarily
due  to  widespread  circulation  of  clade  2.3.4.4b  virus
since  2020.  Concurrent  with  this  trend,  sporadic
human  infections  with  clade  2.3.4.4h  H5N6  avian
influenza  virus  continue  to  occur.  The  high  mortality
rate associated with H5N6 virus infections has emerged
as a critical public health concern.
What is added by this report?
Through  comprehensive  field  epidemiological
investigations and laboratory analyses, we identified the
infection sources for these cases and conclusively ruled
out  human-to-human  transmission.  Genetic  analyses
revealed  that  while  the  virus  maintains  its  avian  host
tropism,  it  has  acquired  mutations  that  may  enhance
human  receptor  binding  affinity,  viral  replication
capacity,  pathogenicity,  and  neuraminidase  inhibitor
resistance.
What  are  the  implications  for  public  health
practice?
The ongoing viral  mutations  increase  the  potential  for
H5 subtype avian influenza viruses to overcome species
barriers  and  cause  human  epidemics.  Enhanced
surveillance  strategies  incorporating  advanced
technologies,  such  as  metagenomic  sequencing,  are
essential  for  early  risk  detection  and  management.
Special  attention  should  be  directed  toward  cancer
patients  and  immunocompromised  individuals,  who
demonstrate  increased  susceptibility  to  avian  influenza
virus  infections  and  require  targeted  prevention  and
control measures.

In  recent  years,  avian  influenza  viruses,  particularly
those  of  the  H5  subtype,  have  emerged  as  significant
public  health  concerns.  While  these  viruses  primarily
circulate  in  wild  birds  and  domestic  poultry  with
sporadic  human  infections,  they  possess  pandemic

potential.  Although  sustained  human-to-human
transmission  of  H5  subtypes  has  not  been
documented, the reporting of two human H5N6 avian
influenza cases in Quanzhou City within a one-month
period  warranted  immediate  investigation  as  a
potential  infection  cluster.  This  study  employed
integrated  field  epidemiological  investigations  and
genetic  analyses  to  trace  the  infection  sources  of  the
2.3.4.4h  clade  H5  subtype  avian  influenza  virus,
aiming  to  identify  potential  risks  and  establish
evidence-based prevention and control strategies. 

INVESTIGATION AND RESULTS
 

Tracing the Source of Infection
From  April  to  May  2024,  two  cases  of  human

H5N6  avian  influenza  infection  were  reported  in
Quanzhou  City,  Fujian  Province,  China.  Following
case  identification,  local  health  authorities  and  CDC
teams  immediately  initiated  comprehensive
epidemiological investigations, laboratory analyses, and
control measures.

Case  A,  a  previously  healthy  52-year-old  female
from  Quangang  District,  developed  symptoms
following  exposure  to  heavy  cold  rain  on  April  13,
2024. Laboratory sampling on April 21 yielded H5N6-
positive results on April 23, and the patient succumbed
to the infection on April  30.  The patient  worked at  a
salt  field  within  2  kilometers  of  her  residence.  Family
members  reported  that  she  had  remained  within
Quangang  District  with  no  travel  history  in  the  10
days preceding symptom onset. She maintained a small
poultry  flock  in  a  shed  50  meters  from  her  home,
where several poultry had recently fallen ill. Eight days
before  symptom  onset,  she  had  slaughtered  and
consumed these  diseased  poultry.  Following  symptom
onset,  she  sought  medical  attention  sequentially  at  a
village clinic, township health center, and hospital.

Case  B,  a  40-year-old  male  from  Luojiang  District
with nasopharyngeal cancer and pulmonary metastases,
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developed  symptoms  on  May  8,  2024.  He  tested
positive on May 14 and died that evening. The patient,
who  primarily  convalesced  at  home  due  to  his  cancer
condition,  resided  with  his  parents  who  maintained  a
poultry shed west  of  their  residence.  While he had no
direct contact with poultry or live poultry markets, his
village featured widespread household poultry keeping,
with  reports  of  poultry  illness  and  mortality
approximately  one  month  prior.  His  only  potential
exposure  occurred  during  occasional  walks  along
village paths adjacent to these poultry sheds.

The residences  of  Cases  A and B were  separated by
approximately  27  kilometers.  Although  both  patients
received  treatment  at  the  same  hospital,  no
epidemiological  links  were  identified  during  their
hospital  stays,  and  no  other  direct  or  indirect
connections  were  established.  The  spatio-temporal
relationships  between  the  two  cases  are  illustrated  in
Figure 1.

During the outbreak response, surveillance identified
21  close  contacts  of  Case  A  and  6  close  contacts  of
Case  B.  All  contacts  underwent  10  days  of  medical
observation  with  negative  nucleic  acid  test  results
before  release,  confirming  the  absence  of  secondary
infections.

Environmental  sampling  was  conducted  to  identify
potential  infection sources  for  both cases.  Following a
risk-based  sampling  strategy  and  site  disinfection
protocols,  we  initially  collected  samples  from  the
patients’  outdoor  poultry  sheds  and  indoor
environments,  followed  by  sampling  of  neighboring
sheds and nearby live poultry markets. For Case A, all
84 collected samples tested negative. For Case B, after
initial negative results from 15 environmental samples,
we expanded sampling to include the patient’s poultry
shed  (10  samples),  neighboring  poultry  sheds  (110
samples),  and  local  live  poultry  markets  (92  samples).
While  the  patient’s  shed  remained  negative,  positive
results  were  detected  in  neighboring  sheds  (2.73%,
3/110)  and  live  poultry  markets  (5.43%,  5/92).
Detailed  positive  sample  information  is  presented  in
Supplementary  Table  S1  (available  at  https://weekly.
chinacdc.cn/).

Nucleic  acid-positive  samples  underwent  next-
generation  sequencing  (NGS)  using  the  MiniSeqTM

DX-CN  platform  (Illumina,  San  Diego,  USA).  Raw
data  processing  and  assembly  were  performed  using
CLC  Genomics  Workbench  23.0  (Qiagen,  Hilden,
Germany).  High-quality  genomic  sequences  were
obtained  from  two  case  samples  and  six  of  eight
environmental  samples,  with  A/Environment/
Fujian/02-Env04/2024(H5N6)  and  A/Environment/

Fujian/02-Env06/2024(H5N6)  yielding  insufficient
quality.  The  virus  strains  were  designated  as
A/Fujian/01/2024(H5N6)  (FJ01)  from  Case  A  and
A/Fujian/02/2024(H5N6)  (FJ02)  from  Case  B.
Pairwise  nucleotide  sequence  identity  analysis  was
conducted  using  MegAlign  software  (version  7.1.0,
DNASTAR,  Inc.,  USA),  with  results  presented  in
Table 1.

Sequence analysis revealed partial genetic divergence
between Cases  A and B, with 100%  identity observed
only  in  the  matrix  protein  (MP)  and  nonstructural
protein  (NS)  segments.  Notably,  Case  B’s  viral
sequences  showed  complete  identity  with  those  from
neighboring poultry shed Z but differed from samples
collected  from  other  nearby  sheds  and  markets.
Significantly,  shed  Z  was  positioned  on  an  elevated
terrain  approximately  50  meters  from  the  patient’s
residence and 8 meters from his regular walking path. 

Genomic Analysis of Viruses
Comparative genomic analysis was performed on the

eight  segments  from  the  FJ01  and  FJ02  strains  using
the  Basic  Local  Alignment  Search  Tool  (BLAST)
against  both  the  National  Center  for  Biotechnology
Information  (NCBI,  USA)  and  Global  Initiative  on
Sharing  All  Influenza  Data  (GISAID)  databases.  The
analysis  revealed  that  the  PB2,  PB1,  PA,  and  HA
segments  of  both  strains  showed  highest  sequence
homology  with  A/Guangdong/lgf/2021(H5N6),
A/duck/Hunan/S40199/2021(H5N6),  A/Neogale
vison/China/FD/NV/SD/L4/2021(H5N6),  and
A/Rattus  norvegicus/China/FS21/2021,  respectively.
The  remaining  segments  (NP,  NA,  MP,  and  NS)
demonstrated  highest  similarity  to  A/Guangdong/
1/2021(H5N6). Detailed BLAST results are presented
in Supplementary Table S2 (available at https://weekly.
chinacdc.cn/).

Sequence  alignment  was  conducted  on  the
hemagglutinin  (HA)  gene  segments  of  the  FJ01  and
FJ02  strains  using  MAFFT  version  7  (https://mafft.
cbrc.jp/alignment/server/).  The  phylogenetic  analysis
was performed using MEGA software (version 7.0.26,
Pennsylvania  State  University,  USA),  employing  the
Maximum  Likelihood  method  with  the  Tamura-Nei
model  and  1,000  bootstrap  replicates  to  ensure
statistical  robustness.  Reference  sequences  were
obtained  from  the  GISAID  database.  Both  HA  genes
were  definitively  classified  within  clade  2.3.4.4h,  as
illustrated  in  Supplementary  Figure  S1  (available  at
https://weekly.chinacdc.cn/).

Comprehensive  molecular  characterization  of  the
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Date 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Case B 6# Stay at home 6# B 6# 8#

On the morning of the 22nd, 
he went to the outpatient 
clinic in Building 1 for blood 
drawing, then to the 2nd floor 
of Building 3 for a CT 
examination, and left the 
hospital before 11:00.

He was admitted to the 
radiotherapy department on the 
5th floor of Building 6 on April 
24, went home after completing 
his radiotherapy and 
chemotherapy on May 1, and did 
not leave the ward during his 
hospitalization.

Onset of fever 
after being 
caught in heavy 
cold rain. 

Change 
wards , 
from 12:30  
to 13:00

Died at 13:40 
on 30 April

Onset of vomiting and 
wheezing, followed by a 
visit to the radiotherapy 
department on the 5th floor 
of Building 6.

Tested 
positive 
on May 14.

Tested 
positive on 
April 23

Direct contact with 
sick poultry at home 
and possible exposure 
to the virus.
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Work in 
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health 
center A

RICU,
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ICU, 3rd 
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ICU, 3rd 
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floor, Building 6

Note: 
1. The orange box represents the detailed 
timeline of the two cases in the same hospital.
2. RICU: Respiratory Intensive Care Unit.
3.  ICU: Intensive Care Unit.

Inferred virus 
exposure time

Sampled 
on April 
21

Sampled 
on May 12

Died on 
the night 
of May 14

E

FIGURE 1. The  spatio-temporal  relationship  analysis  of  the  two  cases.  (A)  Spatial  distribution  of  cases  and  hospital
locations; (B) Case A’s residence (red house) and associated poultry shed (light orange box); (C) Case B’s residence (red
house)  and  sampled  surrounding  poultry  sheds,  with  virus-positive  sheds  indicated  in  red;  (D)  Hospital  layout  diagram
showing areas where both Case A and Case B received treatment; (E) Post-onset activity timeline for both cases, with the
orange box highlighting their concurrent hospital stays.
Note: For (C) The patient’s family poultry shed was situated west of the residence.
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FJ01 and FJ02 strains was conducted through sequence
analysis.  The  HA  and  NA  protein  coding  followed
H3N2  numbering  conventions.  Complete  results  are
presented in Table 2. 

PUBLIC HEALTH RESPONSE

Local  health  authorities  and  CDC  teams
implemented comprehensive public health measures in
response  to  the  outbreak,  including:  1)  enhanced
2-week  surveillance  of  influenza-like  illnesses  (ILI)  in
outpatient  settings  and  severe  acute  respiratory
infections  (SARI)  in  hospitalized  patients,  with  pre-
screening  and  triage  protocols  to  prevent  nosocomial
transmission;  2)  emergency  2-week  citywide
environmental  monitoring  of  poultry-related
environments;  3)  immediate  disinfection  of  outbreak
sites  with  subsequent  effectiveness  evaluation;  4)
coordinated  prevention  efforts  with  the  Agriculture
Department  for  at-risk  poultry  culling  and  free-range
poultry immunization enhancement, and collaboration
with  the  Market  Regulation  Authority  to  implement
“three  ones”  measures  in  live  poultry  markets  (daily
cleaning,  weekly  disinfection,  and  monthly  closure);
and 5) strategic risk communication, health education,
and public information dissemination.

The implemented control measures proved effective,
with no new infections reported and all  close contacts
remaining  uninfected  as  of  May  29,  leading  to  the
formal declaration of the outbreak’s conclusion. 

DISCUSSION

Comprehensive  analysis  of  epidemiological  and
laboratory data demonstrated that  cases  A and B were

independent  events  with  no  epidemiological  links.
Medical  observation  of  all  close  contacts  revealed  no
signs  of  infection,  providing  strong  evidence  against
human-to-human transmission in both cases.

Environmental  investigation  plays  a  crucial  role  in
tracing avian influenza virus infections. Although both
cases  were  associated  with  poultry  illness  or  mortality
prior  to  symptom  onset,  initial  environmental
sampling  from  the  patients’  poultry  sheds  yielded
negative  results.  This  unexpected  outcome  can  be
attributed to two factors: the rapid disposal of diseased
poultry  before  patient  illness  onset,  which  eliminated
environmental  viral  evidence,  and the implementation
of thorough disinfection measures by families or health
authorities  prior  to  sampling.  Nevertheless,  viral
genetic  sequencing  analysis  of  samples  from
surrounding  poultry  sheds  near  Case  B  provided
definitive evidence for outbreak source identification.

The  transmission  routes  differed  between  the  two
cases.  Case  A’s  infection  likely  resulted  from  direct
contact  with  diseased poultry,  while  Case  B,  who had
no  direct  poultry  exposure,  suggested  an  alternative
transmission pathway. Genetic analysis  revealed 100%
nucleotide  sequence  identity  between  Case  B’s  virus
and  samples  from  poultry  shed  Z,  while  distinct
genetic  differences  were observed in viruses  from shed
Y and local live poultry markets. This evidence strongly
indicates shed Z as Case B’s infection source. Although
the  viruses  from  both  cases  showed  high  sequence
similarity,  they  were  not  identical,  ruling  out  direct
transmission  between  cases.  The  absence  of  infection
among  close  contacts  further  confirms  the  lack  of
human-to-human transmission.

The  location  of  poultry  shed  Z,  approximately  8
meters  from  Case  B’s  regular  walking  route,  suggests

 

TABLE 1. Nucleotide sequence identity matrix comparing case samples and environmental isolates.

Virus strains
The percent identity between FJ02 and other strains

PB2 PB1 PA HA NP NA MP NS

FJ01 99.92 99.91 99.91 99.76 99.93 99.71 100.00 100.00

A/Environment/Fujian/02-Env01/2024(H5N6) 99.98 100.00 99.95 100.00 99.93 99.93 100.00 99.88

A/Environment/Fujian/02-Env02/2024(H5N6) 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

A/Environment/Fujian/02-Env03/2024(H5N6) 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

A/Environment/Fujian/02-Env04/2024(H5N6) 94.26 86.60 85.85 − 89.44 86.04 96.04 89.64

A/Environment/Fujian/02-Env05/2024(H5N6) 99.89 99.87 89.68 99.82 100.00 99.85 99.96 99.88

A/Environment/Fujian/02-Env06/2024(H5N6) 96.12 94.99 99.91 99.17 94.77 98.01 97.55 95.29

A/Environment/Fujian/02-Env07/2024(H5N6) 99.38 98.75 98.68 99.29 98.92 97.86 99.49 98.30

A/Environment/Fujian/02-Env08/2024(H5N6) 99.41 98.80 98.73 99.29 99.06 98.01 99.49 98.30

Note: “−” means that the sequence quality is too low (less than 50% coverage) to be analyzed.
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TABLE 2. Key molecular markers associated with influenza virus pathogenicity.
Genes Molecular markers FJ01 FJ02 Phenotypic effect

HA Cleavage site* RERRRKR↓GLF Shows multiple basic amino acids and high pathogenicity to chickens.
S127P (1) S S Increases virus binding to α2–6 sialic acids (α2–6 SA).

S137A (1) A A Increases virus binding to α2–6 SA.

G143R* G G Increases virus binding to α2–6 SA.
I155T (2) T T Increases virus binding to α2–6 SA.

N158D* N N Increases virus binding to α2–6 SA, and increases airborne transmissibility.

T160A* A A
Increases virus binding to both α2,3-SA and α2,6-SA, and increase airborne

transmissibility.
V214I* V V Increases virus binding to α2–6 SA.

N224K* N N Increases virus binding to α2–6 SA, and increases airborne transmissibility.

Q226L* Q Q Increases virus binding to α2–6 SA.

S227N* R S Increases virus binding to α2–6 SA.

G228S* G G Increases virus binding to α2–6 SA.
NA 58-68 Delete (3) Delete Delete Associated with increased viral virulence in mammals.

E119V (4) E E Shows different degrees of neuraminidase inhibitor resistance.

D198N (5) N N Shows neuraminidase inhibitor resistance.

H274Y** H H Shows neuraminidase inhibitor resistance.
PB2 K389R (6) R R Enhances growth capacity in human and mammalian cells.

Q591K** Q Q Increases pathogenicity in mice.

E627K** E E
Associated with mammalian adaptation, increases virus replication in mammalian cells,
increases virulence in mice, increases transmissibility in ferrets, determinant of cold

sensitivity.

D701N** D D Associated with mammalian adaptation, increases virus replication in mammalian cells,
improves binding of PB2 to importin protein in mammalian cells.

PB1 D3V* V V Enhances viral polymerase activity.

H99Y* H H Increases viral polymerase activity, and associated with mammalian adaptation.

M317I*** M M Increased pathogenicity in mice.

L473V*** V V Maintains efficient viral replication.

D622G* G G Enhances viral polymerase activity and virulence in mice.
PA I38T/L (7) I I Reduces the susceptibility of polymerase acidic (PA) endonuclease inhibitor.

T97I*** T T Associated with mammalian adaptation.

K142Q*** K K Enhances replication and pathogenesis in mice when combined with PB2 627K,
associated with mammalian adaptation.

K615R*** R R Increases viral virulence in mammals when combined with NP N319K.

NS1 P42S* S S Increases viral virulence in mice by preventing the dsRNA-mediated activation of the
NF-κB and IRF − 3 pathways.

P212S** P P Promotes viral replication in mice.

D92E** D D Increased virulence and/or cytokine resistance.

NP N319K*** N N Increases viral virulence in mammals when combined with PA K615R.

M2 L26F** L L Shows antiviral amantadine resistance.

V27A** V V Shows antiviral amantadine resistance.

A30T** A A Shows antiviral amantadine resistance.

S31N** S S Shows antiviral amantadine resistance.

G34E** G G Shows antiviral amantadine resistance.
Note: HA and NA mutation sites follow H3N2 numbering conventions. Bold text indicates that the mutations have occurred in the viruses
reported in this study.
Abbreviation: HA=Hemagglutinin; NA=neuraminidase.
* Data derived from reference (8);
** Data derived from reference (9);
*** Data derived from reference (10).

China CDC Weekly

Chinese Center for Disease Control and Prevention CCDC Weekly / Vol. 7 / No. 3 111



potential  aerosol  transmission  over  this  distance.
Notably,  both  cases  exhibited  compromised  immune
status:  Case  A  experienced  heavy  rain  exposure  before
illness  onset,  while  Case  B had nasopharyngeal  cancer
with  ongoing  chemotherapy  and  radiotherapy.  The
absence  of  symptoms  among  family  members  despite
potential  viral  exposure  suggests  that
immunocompromised  status  may  represent  a
significant  risk  factor  for  H5N6  avian  influenza  virus
infection in humans.

While  genomic  analysis  revealed  no  significant
recombination  compared  to  recent  H5N6  viruses,
several concerning features were identified, including a
highly  pathogenic  HA  protein  cleavage  site  and
mutations  associated  with  increased  virulence,  human
infection  potential,  enhanced  viral  replication,  and
possible  neuraminidase  inhibitor  resistance.  The
ongoing  H5N1  outbreak  in  mammals  in  the  United
States heightens concerns about potential  cross-species
transmission  and  human  epidemic  risk.  Although
sustained  human-to-human  transmission  of  H5
subtype viruses remains undocumented, these findings
underscore  the  critical  importance  of  enhanced
surveillance  and  robust  pandemic  preparedness
measures. 
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SUPPLEMENTARY MATERIAL
 

SUPPLEMENTARY TABLE S1. Information on nucleic acid-positive samples and corresponding virus strain nomenclature.

Virus strains GISAID
Accession No. Sample source Sample type

A/Fujian/01/2024(H5N6) EPI_ISL_19132453 Case A Bronchoalveolar lavage fluid

A/Fujian/02/2024(H5N6) EPI_ISL_19145644 Case B Oropharyngeal

A/Environment/Fujian/02-Env01/2024(H5N6) / Shed Y Poultry drinking water

A/Environment/Fujian/02-Env02/2024(H5N6) / Shed Z Poultry drinking water

A/Environment/Fujian/02-Env03/2024(H5N6) / Shed Z Poultry drinking water

A/Environment/Fujian/02-Env04/2024(H5N6) / LPM Poultry drinking water

A/Environment/Fujian/02-Env05/2024(H5N6) / LPM Poultry drinking water

A/Environment/Fujian/02-Env06/2024(H5N6) / LPM Poultry drinking water

A/Environment/Fujian/02-Env07/2024(H5N6) / LPM Poultry drinking water

A/Environment/Fujian/02-Env08/2024(H5N6) / LPM Cutting board swab
Note: Shed Y was located approximately 50 meters from Case B’s residence, with Shed Z situated adjacent to Shed Y. LPM refers to live
poultry markets in Case B’s vicinity.

 

SUPPLEMENTARY TABLE S2. Similarity analysis of viral genome segments using BLAST.

Virus Segment and
length (bp)

Strain with the highest similarity (accession ID, percent identity)

NCBI database GISAID database

FJ01 PB2:2250 A/Guangdong/lgf/2021(H5N6)
(OL519558.1, 98.68%)

A/Guangdong/lgf/2021 (H5N6)
(EPI2255274, 98.68%)

FJ01 PB1:2239 A/duck/Guangxi/293D21/2017(H1N2)
(MH667662.1, 96.44%)

A/duck/Hunan/S40199/2021(H5N6) (H5N6)
(EPI1997200, 98.42%)

FJ01 PA: 2131 A/Guangdong/1/2021(H5N6)
(OK284448.1, 99.02%)

A/Neogale vison/ China/FD/NV/SD/L4/2021
(H5N6) (EPI3351954, 99.07%)

FJ01 HA: 1725 A/Rattus norvegicus/China/FS21/2021 (H5N6)
(OQ291577.1, 97.24%)

A/Rattus norvegicus/China/FS21/2021 (H5N6)
(EPI2394816, 97.24%)

FJ01 NP: 1551 A/Guangdong/1/2021(H5N6)
(OK284449.1, 99.04%)

A/Guangdong/1/2021 (H5N6)
(EPI2200687, 99.04%)

FJ01 NA: 1398 A/Guangdong/1/2021(H5N6)
(OK284452.1, 98.04%)

A/Guangdong/1/2021 (H5N6)
(EPI2200690, 98.04%)

FJ01 MP: 1021 A/Guangdong/1/2021(H5N6)
(OK284450.1, 99.42%)

A/Bar-headed Goose/Tibet/XZQ17-1/2021 (H5N8)
(EPI1949225, 99.42%)

FJ01 NS: 872 A/Guangdong/1/2021(H5N6)
(OK284453.1,97.98%)

A/Guangdong/1/2021 (H5N6)
(EPI2200691, 97.98%)

FJ02 PB2: 2247 A/Guangdong/lgf/2021(H5N6)
(OL519558.1, 98.55%)

A/Guangdong/lgf/2021 (H5N6)
(EPI2255274, 98.55%)

FJ02 PB1: 2239 A/duck/Guangxi/293D21/2017(H1N2)
(MH667662.1, 96.44%)

A/duck/Hunan/S40199/2021(H5N6)
(EPI1997200, 98.42%)

FJ02 PA: 2133 A/Guangdong/1/2021(H5N6)
(OK284448.1, 99.12%)

A/Neogale vison/China/FD/NV/SD/L4/2021 (H5N6)
(EPI3351954, 99.16%)

FJ02 HA: 1725 A/Rattus norvegicus/China/FS21/2021(H5N6)
(OQ291577.1, 97.24%)

A/Rattus norvegicus/China/FS21/2021 (H5N6)
(EPI2394816, 97.24%)

FJ02 NP: 1552 A/Guangdong/1/2021(H5N6)
(OK284449.1, 99.11%)

A/Guangdong/1/2021 (H5N6)
(EPI2200687, 99.11%)

FJ02 NA: 1400 A/Guangdong/1/2021(H5N6)
(OK284452.1, 98.18%)

A/Guangdong/1/2021 (H5N6)
(EPI2200690, 98.18%)

FJ02 MP: 1021 A/Guangdong/1/2021(H5N6)
(OK284450.1, 99.42%)

A/Bar-headed Goose/Tibet/XZQ17-1/2021 (H5N8)
(EPI1949225, 99.42%)

FJ02 NS: 872 A/Guangdong/1/2021(H5N6
(OK284453.1, 97.98%)

A/Guangdong/1/2021 (H5N6)
(EPI2200691, 97.98%)

Abbreviation: BLAST=basic local alignment search tool; NCBI=national center for biotechnology information (USA); GISAID=global initiative
on sharing all influenza data.
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 A/Environment/Fujian/02-Env02/2024(H5N6)
 A/Environment/Fujian/02-Env03/2024(H5N6)
 A/Environment/Fujian/02-Env01/2024(H5N6)
 A/Fujian/2/2024(H5N6) | EPI_ ISL_19145644
 A/Fujian/1/2024(H5N6) | EPI_ ISL_19132453
 A/Environment/Fujian/02-Env05/2024(H5N6)

 A/Environment/Fujian/02-Env07/2024(H5N6)
 A/Environment/Fujian/02-Env06/2024(H5N6)

 A/Environment/Fujian/02-Env08/2024(H5N6)
 A/Rattus norvegicus/China/FS21/2021(H5N6) | EPI_ ISL_16886862

 A/Mute swan/Xinjiang/5/2020(H5N6) | EPI_ ISL_418173
 A/Whooper swan/Xinjiang/12/2020(H5N6) | EPI_ ISL_418180
 A/Guangxi/31906/2018(H5N6) | EPI_ ISL_337273

 A/Guangxi/32797/2018(H5N6) | EPI_ ISL_337276
 A/Guangdong/18SF020/2018(H5N6) | EPI_ISL_337274

 A/Duck/China/H5N6/2020(H5N6) | EPI_ ISL_17760585
 A/Chongqing/00013/2021(H5N6) | EPI_ ISL_1081369
 A/Anhui/2021-00011/2020(H5N6) | EPI_ ISL_1081370

 A/Muscovy duck/China/FJFZ21/H5N6/2020(H5N6) | EPI_ ISL_833248
 A/GX-hechi/01/2021(H5N6) | EPI_ ISL_3770721

 A/China/Original/2018(H5N6) | EPI_ ISL_368368
 A/Jiangsu/1/2020(H5N6) | EPI_ ISL_718225

2.3.4.4h

 A/Shenzhen/1/2016(H5N6) | EPI_ ISL_206036
 A/Oriental magpie robin/Hong Kong/16759/2015(H5N6) | EPI_ ISL_205824
 A/Shenzhen/1/2015(H5N6) | EPI_ ISL_205313

 A/chicken/Jiangxi/12.05 NCNP006/2014(H5N6) | EPI_ ISL_199010
 A/Environment/Fujian/05324/2016(H5N6) | EPI_ ISL_333631

2.3.4.4e

 A/chicken/Hubei/03.06 WHWTZ0115-O/2015(H5N6) | EPI_ ISL_199011
 A/Anhui/33163/2016(H5N6) | EPI_ ISL_284651

 A/Bar-headed Goose/Qinghai/p23/2016(H5N8) | EPI_ ISL_292240
 A/Chicken/Jiangxi/45093/2016(H5N6) | EPI_ ISL_354562

 A/Hubei/29578/2016(H5N6) | EPI_ ISL_256213

2.3.4.4d

 A/chicken/Vietnam/NCVD-15A59/2015(H5N6) | EPI_ ISL_244518
 A/duck/Viet Nam/HN-2522/2015(H5N6) | EPI_ ISL_387354

 A/Peacock/Hunan/1/2016(H5N6) | EPI_ ISL_400552
 A/duck/Vietnam/QuangBinh/LBM0911/2016(H5N6) | EPI_ ISL_290253

2.3.4.4f

 A/goose/Hunan/118/2014(H5N6) | EPI_ ISL_17767126
 A/duck/Hunan/12.17 YYGK014/2014(H5N6) | EPI_ ISL_198833

 A/Quail/Zhanjiang/16887/2016(H5N6) | EPI_ ISL_278031
 A/Guangxi/55726/2016(H5N6) | EPI_ ISL_240704

 A/Hunan/55555/2016(H5N6) | EPI_ ISL_240703
 A/duck/Jiangxi/11.17 NCNP48Y2-C/2016(H5N6) | EPI_ ISL_707544

2.3.4.4g

 A/baikal teal/Korea/Donglim3/2014(H5N8) | EPI_ ISL_157611
 A/waterfowl/Korea/S005/2014(H5N8) | EPI_ ISL_171655

 A/chicken/Shanxi/04.28 TGRL024-O/2018(H5N6) | EPI_ ISL_696630
 A/duck/Hubei/SZY250/2016(H5N2) | EPI_ ISL_231747

 A/Peacock/Hunan/14/2015(H5N2) | EPI_ ISL_400551
 A/duck/Hubei/ZYSYG18/2015(H5N6) | EPI_ ISL_244526

 A/duck/Zhejiang/1026109/2015(H5N2) | EPI_ ISL_279178

2.3.4.4c

 A/Fujian-Sanyuan/21099/2017(H5N6) | EPI_ ISL_304404
 A/Chongqing/02/2021(H5N6) | EPI_ ISL_4568644
 A/Sichuan/06689/2021(H5N6) | EPI_ ISL_4558108
 A/GX-guilin/11151/2021(H5N6) | EPI_ ISL_3770740

 A/Jiangxi/16791/2022(H5N6) | EPI_ ISL_18000337
 A/Changsha/1/2022(H5N6) | EPI_ ISL_16466440

 A/Guangdong/1/2021(H5N6) | EPI_ ISL_15613574
 A/Hunan/09911/2021(H5N6) | EPI_ ISL_4568643

 A/Hangzhou/01/2021(H5N6) | EPI_ ISL_7983813

2.3.4.4b

 A/duck/Guangdong/673/2014(H5N6) | EPI_ ISL_ 259923
 A/Sichuan/26221/2014(H5N6) | EPI_ ISL_163493

 A/Environment/Guangdong/00299/2014(H5N6) | EPI_ ISL_219823
 A/Environment/Xinjiang/00318/2014(H5N6) | EPI_ ISL_ 219821
 A/Environment/Xinjiang/00320/2014(H5N6) | EPI_ ISL_219820

2.3.4.4a

 A/goose/Guangdong/1/1996(H5N1) | EPI_ ISL_17767104
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SUPPLEMENTARY FIGURE S1. Phylogenetic analysis of H5 virus HA genes using the maximum likelihood method.
Note:  The  phylogenetic  tree  encompasses  major  H5  clades  (indicated  at  terminal  nodes)  and  is  rooted  in  the  reference
strain A/Goose/Guangdong/1/1996 (H5N1). The tree was constructed using 1,000 bootstrap replicates, with values shown
above branches. Viral strains from this study are denoted by red spots (case A), red triangles (case B), and black triangles
(environmental isolates).
Abbreviation: HA=hemagglutinin.
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