A SR IR Jan. 20, 2026, 53(1): 461-478

Microbiology China CSTR: 32113.14.j.MC.250524
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.250524
http://journals.im.ac.cn/wswxtbcn Copyright ©2026 Microbiology China All Rights Reserved

LA

BRBARE] Ry BERIEEEES BRI T

AR BEL BER, AR, BEET

1 fhilikz: SRk 220E, T4 il 528225
2 NS BHERIA FRA R, NZH IEATEEE 010000

STENE, BRE, EFEEL, JUAIEL, SRR REIEUR TR AR B pRas L AL S BORTE T I]. AR AR, 2026, 53(1):

461-478.
YAO Jianhui, HAN Hui, HU Jiaqi, YAN Liming, HUANG Liangzong. Genetic evolution and pathogenicity of swine influenza
viruses isolated from Guangdong Province[J]. Microbiology China, 2026, 53(1): 461-478.

B OE: [Fx] RXE R L E&DIEE R R (swine influenza virus, SIV)#) =58 X, RATHHR
EZ 645 HINL. H3N2 Ao HIN2 4, HF4mrfigbeit Lk, [B 6] BN RHEH A
B R 0 AAT FR A SR AE, ST R BR M AT A %46, [k 20212023 419, M) &
B R, FIR, BAEFWHABATE 21 ANEG R E LIRS SIV 49 53X F Fa bl I gR B AR S 2
536 47, HF 45 WA a2 RT-qPCR M2 2 SIV fats, A K 'B_E &K (Madin-Darby canine kidney,
MDCK)émH@ B ¥, AT /\;ua A oA, ¥ PTAFA 515 GenBank = GISAID 4k 49
A EMRF P BAT IO, M EIORE, B RENIRAREIE. [4R] AR RI 9B E) 44
SIV, % 2 #k EAHIN]1 Z# SIV (SWSG1/21 SWHRZ3/22), £ HA# NA X B /R EA o %, £
He K B R B(PB2, PA, PB1, NP, M)/& B Pdm/09 4%, NSARENET TRHIN2 4 %. 5453 2 4%
HIN2 LA & fe. 4k (SWLFT4/22, SWHH5/23), 3t SWLFT4/22 ¥ NA HIN2 4 % 5 Pdm/09 HIN1
S X EMRERMAR, T SWHHS/23 Wi B 3 MNKRE o XL Ee) L The., BmRHiRREREN, T
A 44 SIV e FED R, LHE2Z SWSG1/21 A2 SWLFT4/22 A I BB M A, TR
X 100%. [45#&) KRB IEA 7 R R BB B 69 4 ¥R SIV AT R AL A B RS, BT
T L3 SIV AL AR THEYE FREBIRGE A, AR ARG 12 R k5 TRET 2428 FIRE.
K AR R, TN, RERLBRLE S, KA

TWIUH . T ARE WA ECE QF &I (2023 ALK _080)

This work was supported by the Graduate Education Innovation Project of Guangdong Province (2023ALK_080).
*Corresponding author. E-mail: liangzonghuang@fosu.edu.cn

Received: 2025-05-28; Accepted: 2025-06-27; Published online: 2025-07-22



462 (YIS Gk Microbiol. China

Genetic evolution and pathogenicity of swine influenza viruses
isolated from Guangdong Province

YAO Jianhui', HAN Hui?, HU Jiaqi!, YAN Liming', HUANG Liangzong'"

1 School of Animal Science and Technology, Foshan University, Foshan 528225, Guangdong, China
2 Inner Mongolia Kedi Testing Co., Ltd., Hohhot 010000, Inner Mongolia, China

Abstract: [Background] China’s pig industry is facing severe challenges from swine influenza
virus (SIV), and the epidemic strains mainly include HIN1, H3N2 and HIN2, which continue to
threaten the healthy development of the pig industry. [Objective] The objective of this study
was to analyze the genetic evolution characteristics and systematically evaluate the
pathogenicity of the circulating strains of SIV in Guangdong Province. [Methods] From 2021 to
2023, a total of 536 nasal swabs and lung lesion samples suspected of SIV infection were
collected from 21 pig farms in Foshan, Zhaoqing, Qingyuan, Shaoguan and other
prefecture-level cities in Guangdong Province, of which 45 samples were tested positive for SIV
by quantitative RT-qPCR. The virus strains were isolated by culture with MDCK cells and then
whole genome sequencing was performed. The obtained sequences were compared with those of
the reference strains in GenBank and GISAID, and a phylogenetic tree was constructed to reveal
the genetic evolution characteristics of the virus. [Results] Two SIV strains (SWSG1/21 and
SWHRZ3/22) of EA HINI subtype were isolated, with HA and NA genes derived from the EA
clade, PB2, PA, PB1, NP, and M genes derived from the Pdm/09 clade, and the NS gene derived
from the TR HIN2 clade. In addition, two HI1N2 subtype reassortant strains (SWLFT4/22 and
SWHHS5/23) were isolated. SWLFT4/22 was reassorted from strains of the NA HIN2 clade and
Pdm/09 HINI clade, while SWHHS5/23 involved the complex reassortment of strains from three
different clades. The results of the pathogenicity test showed that all the four strains of SIV
caused death in mice. Particularly, SWSG1/21 and SWLFT4/22 showed strong pathogenicity,
leading to a mortality rate of up to 100%. [Conclusion] We analyzed the genetic evolution and
pathogenicity of four SIV strains isolated from pigs in Guangdong Province and revealed the
complex genetic recombination background and strong pathogenicity of local SIV, which provided
a scientific basis for the formulation of swine influenza prevention and control strategies.
Keywords: swine influenza virus; genetic evolution analysis; key amino acid site analysis;
pathogenicity
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Figure 1

Swine influenza virus (SIV) cytopathic effects in Madin-Darby Canine Kidney cells (10x). A: Cell

lesion map after 24 hours of SIV infection; B: Cell lesion map after 48 hours of SIV infection; C: Cell lesion map
after 60 hours of SIV infection; D: 24 hours normal cell diagram; E: 48 hours normal cell diagram; F: 60 hours

normal cell diagram.
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Figure 2 Phylogenetic analysis of the HA gene of four swine influenza virus (SIV) isolates. The numbers on
the branch points indicate the bootstrap values obtained by constructing the phylogenetic tree 1 000 replicates;
The numbers in parentheses following the reference strains represent the GenBank accession numbers; The
scale bar represents the evolutionary distance. The same below.
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Figure 3 Phylogenetic analysis of the NA gene of four swine influenza virus (SIV) isolates. A: the N1
subtype of the neuraminidase gene; B: the N2 subtype of the neuraminidase gene.
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Figure 4 Phylogenetic analysis of the PB2 gene of four swine influenza virus (SIV) isolates.
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Figure 5 Phylogenetic analysis of the PB1 gene of four swine influenza virus (SIV) isolates.
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Figure 6 Phylogenetic analysis of the PA gene of four swine influenza virus (SIV) isolates.
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Figure 7 Phylogenetic analysis of the NP gene of four swine influenza virus (SIV) isolates.
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Figure 8 Phylogenetic analysis of the M gene of four swine influenza virus (SIV) isolates.
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Figure 9 Phylogenetic analysis

of the NS gene of four swine influenza virus (SIV) isolates.
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Table 1 Analysis of key amino acid sites of isolates

Gene Mutational site Function SWSG1/21 SWHRZ3/22 SWLFT4/22 SWHHS5/23
pb2  T271A-A590S- Plays a critical role in  271A- 271A-590S-591R  271A-590S-591R 271A-590S-591R
AS91R replication and 590S-591R

virulence in
mammalian hosts
R251K Increase virus 251R 251R 251R 251K
replication and
pathogenicity of SIV

T431M Enhance the virulence 431M 431M 431M 431M
of SIV in mice
T588I1 Enhance the virulence 5881 5881 5881 5881

of the 2009/HIN1
virus

E627K-D701N Adaptation of 627E-701D 627E-701D 627E-701D 627E-701D
mammalian hosts to

avian influenza virus

pbl H436Y Enhance virulence in  436Y 436Y 436Y 436Y
mice
pa A70V-P224S Enhance virulence in ~ 70A-224S 70A-2248 70A-224S 70A-224S
mice
AS15T Enhance polymerase  515T 515T 515T 515T
activity
L295P Enhance the L295P L295P L295P L295P

pathogenicity of
influenza virus to
mammals
T971 Significant 97T 97T 97T 97T

enhancement of
transcription and
replication activity of
Pdm/2009 variants

np Q357K Enhance the 357K 357K 357K 357K
pathogenicity of EA

virus in mice

E53D Antagonistic MXA 53E 53E 53E 53E
enhances toxicity
K184A Closely related to 184K 184K 184K 184K
viral virulence and
proliferation
K319N Enhance pathogenicity 319N 319N 319N 319N
to mice
m L26F-V27A-A30T Resistance to 26L-27A-30T 26L-27A-30T 26L-27A-30T 26L-27A-30T
D44A adamantane derivatives 44A 44A 44A 44A
ns 1123V Enhance the virulence 1231 1231 1231 1231

of SIV in mice

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



476 A 2 AR Microbiol. China

110 - HIN1 &, NSEPFRE T TR HIN2 1§ 5R;

100 * -

90 L SWHH5/23 J&H NA HIN2 43 % . Pdm/09 HIN1
S 432 FIEA HINT 433745 3 443 57 (25 bk 8 4 1
=] 4
£ 60 = SWSG1/21 Sk, HPFELA PB2, PB1, PA, NP ¥R ET
= 50F =+ SWHRZ3/22 ' N
§ AO| cpetiit PTG " Pdm/09 HINT &, P MORIET EA HINI
& J0[ < SWHHS/23 AR NSEE PR IR T LS = uE 4 HIN2 i &,

g =EER X FE WG RER HIN2 W7 SIV SN E 4 £ N

0 123 45678 9101112131415 ZREE

Days post-infection N S Ve 4 i e eV
T B U R T A DTSSR T, 2009 4FT,
10 POERBERBRE D BREE BALB/c /MR ARBEPH HINT FEGRE 2 A USRI RY, (B

g % N . N NN o S '
HEREE - S A B e B A M LA R
Figure 10 Survival curve of BALB/c mice infected P . R
with four swine influenza virus (SIV) isolates. RAFAR NI B, RIE ke e s f%

SWSGI1/21 SWHRZ3/22 SWLFT4/22 SWHHS5/23 PBS
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Figure 11 Gross pathological changes of the lungs and lung pathological sections in mice on day 6 post-
inoculation with swine influenza virus (SIV) (HE staining 100x). A: Lung lesion images of mice infected
with isolate SWSG1/21 (144 h); B: Lung lesion images of mice infected with isolate SWHRZ3/22 (144 h); C:
Lung lesion images of mice infected with isolate SWLFT4/22 (144 h); D: Lung lesion images of mice
infected with isolate SWHHS5/23 (144 h); E: Normal mouse lung; F: Pathological section of the lungs of mice
infected with isolate SWSG1/21 (144 h); G: Pathological section of the lungs of mice infected with isolate
SWHRZ3/22 (144 h); H: Pathological section of the lungs of mice infected with isolate SWLFT4/22 (144 h);

I: Pathological section of the lungs of mice infected with isolate SWHHS5/23 (144 h); J: Pathological section
image of normal mouse lung.
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