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Abstract ; Objective To monitor the epidemiological dynamics of influenza in Guizhou Province from 2022 to 2025 and analyze
the resistance of influenza A( HIN1) pdm09 subtype viruses to neuraminidase inhibitors, so as to provide evidence for influenza
prevention and control as well as clinical drug therapy. Methods  Influenza — like illness (ILI) surveillance data from
sentinel hospitals within Guizhou Province’ s national influenza surveillance network (2022—2025) were collected and
analyzed using descriptive methods. Sixty — four influenza A(HINI1) pdm09 subtype viruses isolated and identified in Guizhou
Province from 2022 to 2025 were selected. A fluorescence — based luminescence assay was employed to perform phenotypic
drug resistance testing on the selected influenza viruses, and the changes in drug susceptibility to oseltamivir and zanamivir
were analyzed. NA gene sequencing of the influenza strains was carried out, and bioinformatics software was used to analyze the
amino acid site mutations of relevant drug — resistant genes. Results  Between 2022 and 2025, influenza viruses in Guizhou
Province exhibited an alternating or co — circulation epidemic pattern. All 64 isolated A(HINI) pdm09 subtype influenza virus
strains were sensitive to oseltamivir and zanamivir. The mean ICs, value for oseltamivir was 0. 448 nmol/L (range: 0. 126 -
1. 013 nmol/L) , and for zanamivir, it was 0. 308 nmol/L (range; 0. 112 - 0.855 nmol/L). Sequencing was performed on
the NA genes of 46 A(HINI) pdm09 strains. All sequenced viruses were classified into clade 6B. 1 and were interspersed on

the phylogenetic tree without forming distinct clusters. No mutations were identified at the enzyme active catalytic sites or known
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resistance sites in the NA gene. Conclusion

From 2022 to 2025, influenza viruses in Guizhou Province showed an

alternating or co — circulation pattern. The A (HIN1) pdm09 subtype remained sensitive to oseltamivir and zanamivir,

supporting the continued clinical use of this drug class.

Keywords : Influenza A(HIN1) pdm09 subtype; Drug resistance; Neuraminidase
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2.2 xPAP 22 R B AT R 25 M e BB AT X
2022—2025 AR AT 2% 5 M A8 TR EE AR R AT T 24
PEFRAKG ,64 ¥k A(HIN1) pdm09 V. 7 3 2% 75 Ak X
oseltamivir ] 1C,, -4 {E Jy 0.448 (0.126 ~ 1.013)
nmol/L; %f zanamivir [ 1Cs,FE447{E 7 0. 308 (0. 112 ~
0.855) nmol/L, Z5RIEIE 2, SHHUREEH A/
inois/45/2019 (HI1 pdm09 ) X3 W Fh 24 49 %) °F- 1 1C4,
{B 4354 0. 404 nmol/L F10. 212 nmol/L, AR IEHL
F) 64 BRITTREERK 1C5, 725 W HUR S H 1k 105, {8 10 %
LN, $2 75 AR BIF 58 2022—2025 4 5t M4 AT 10 A
(HIN1) pdm09 . %Y 7 J& 95 7 X oseltamivir 5
zanamivir PR NAL R0

2.3 NA 5T FURESH  ABFIE A R
JEREAS I 7 - 35 25 55 BE 397 98% LA I, ~F- 243 i
TREEZ3K 110 000 x o XJ 54 46 #k 2022—2025 4
A(HINT) pdm09 A & H#H 4T NA JF 30 73 B, HoAx
IR A I PE R 96.91% ~ 100% , 24 5 1R 7] Y5 7 Ky
96.11% ~ 100% , 5 2021—2023 4FRERE Mk A /
Wisconsin / 588 / 2019 (HI) W& . & EL R 1Y [F]
P54 50k 98.13% ~99.28% 97.12% ~99.28% .,
5 20232026 4F Ji %5 15 Bk A/ Victoria/4897/2022
(H1) A9 A% 15 2 L 220 356 18 0 [8) U P 4 5] 97. 12%  ~
99.28% 96.76% ~99.35% , 2022—2025 W5 i 4F fiF
FATHY ACHIND) pdm09 3y R 7 s 7 24 HAA V131,



- 1368 - PRAC TR 2= 2% 2026 4255 53 #:55 8 ] Modern Preventive Medicine, 2026, Vol. 53, NO. 8

o 134V F1 1314M Z IR 2 ) I R 548, J& F 6B. 1 43
Xo NA BB NE 3 s,

2.4 A(HIN1) pdm09 177 B A 22 R BR Bl 7 M As
BB AL E 5T LB BE NAT A RIFSE BT A

T T NA TR BT A G (30 5 A 5 15 R A A I 4
1 w—— B 8 MEALEILRR 118 7 (R) 151 (D) 152 fif

FHHAR BIC (umolL)

(R) 225 fii(R) 277 i (E) \293 fii(R) 368 {ii (R)
402 (Y) L, DL R 11 A5 B & FE R 6 A5 119 £
(E) . 156 fii (R) 179 £ii (W) 180 fii (S) . 199 fii
(D) 223 fii (1) 228 fii(E) 275 fii (H) 278 fii (E) .
295 i (N) 425 i (E) . JEHI X 45 R WoR, s 4
SYES I 46 Bk A(HIND) pdm09 7 % 37 ps 85 b, 13k
Fr A T % MR A O A7 8 DL S5 NAT i 245 P 40 ¢ 1Y
H275 D199 1223 S247 \N295 454807 S Ik K%
A%, [FIE, 7T NA ZE N st 140 ~ 157 £ 40 i
amol/L., PRE R X SRR E , R R S R S
B2 SOMA ACHIND pdu0o W mmngitzy 25 ACHIND) pdm09 o 21k £ 48 R AL A2 & 247
Sk SHEPEHHR A/ Wisconsin/588/2019 (HINI) [y NA %
Fig.2 Neuraminidase drug resistance test results of influenza A F/FFIILALF 8 METEREILALALE 4300 F56 42
(HIN1) pdm09 subtype virus in Guizhou Province

T ANTE] NAT Z5%95%F ACHINTD) pdm09 /8 2 1Cs, , 275 Uk
% oseltamivir 5 zanamivir 34 1Cs, {8 43 51 g 0. 404 nmol/L Fi1 0. 212

2 o=
2 g o
- =Y d =
- 8 =5
‘-’I-& A b] =
3 Z - = =
g %, g =
T, B g 5 S
>
& <2 2 2 = A
@ > % b e 3
% 2 z &
» \\\\
R\
t?/s 3
Sy, Q& o
25 o
22 e
\Cl
> S AW
’“"ull A
7 2
@2 s st
WAL
Gl®

("lﬁ\\'l.\l\!tllllﬁ‘\“\)
AIGTFS

A/GZ/SWL1215/2025(H n

MczzslelS/Z"ZS‘““ A/(.”IJS“’“lzwznl;m,)

1) NGz,
w1412 5% 2/SWE,
AIGHSWY 124202341,
WLV (’Zés'u,
|GLF 02
5 &7
’/.v;,] g,
Wy %,
s\c"” 7 J"’l)
4 p\‘\) ”/2%
Kk p 4y,
% /
< 2,
<V = 2,
» -] 5 4, %,
N : % <
Z . % %,
E o % % W B
E g g 2'; - 0‘-';, %
= B % = 3 ~Z,
= z ;
2 s 2 =85 °
= = Z
= = E=
z )
2 2
= s
E 2

T @ EHiHE
3 SN ACHINL) pdm09 SFHIEG 7 NA FEH R GEdEALR)

Fig.3 Phylogenetic analysis of the neuraminidase gene in influenza A(HINI ) pdm09 viruses from Guizhou Province



IACTIR B2 2% 2026 4F55 53 %45 8 ] Modern Preventive Medicine, 2026, Vol. 53, NO. 8

- 1369 -

50,58 .63 .68 .88 146 Fl1 235 {31, AYRIEELAY 46 fk A
(HIN1) pdm09 W% R A 41 #R S A/
Wisconsin/588/2019 (H1 ) iy 4 He Ak (37 15 58 4 — 5, 2
PRIIREE R IR & A N50S 2875 Uli4F 50 {73k Ab N7
SRR 52 BRITBREEARES 68 (M LA (7 5l NIS 5845
R NIR, JH AR AR A A7 i R 5 1 R U J 2 Ak PR & 2
S9OP 2% FEUCHA 88 (M ILAL A S Bk . ETI AR
A/Wisconsin/588/2019 (H1 ) J AW 5% o T 45 35 Bk 45
TEAE N38OK 17 s 2848 , G 386 NFS M KAk A7 1 o

3 ®

TR AT I8 BLAEAS R ARy AN [ 22790 22 /e 4%
K, 3255 MG G A IR O 55 2 R R = 52, 2
PR B s b X S AT RRE . ARESY R, SR A 45
AEREVRA TR BTN IA], A B B A A T AR, B
th,2022—2023 B, RN A EE L A (H3N2) f1 A
(HIN1) pdm09 WA /SR F 2w ATIR, B AAHFERM
37 W 4y A, 2023—2024 4E, A (H3N2) Fil B
('Victoria) 3V 78y fIt; # B #k , 2024—2025 4= L A
(HINL) pdm09 7Rk Sy 3=, [ 39 5 A 0 7 gt Jek
FEBURE . 2022—2025 4R 8], 5N A BIRK H B
( Yamagata ) VA0 8% 5 o It /% 5 A0 B i 2 [m] it A7
ARG HAL A Oy —FC P HAT AR DY R
T BEE ARE TP RA TS T AR A R SR
& B NHE SR8 KT 32 20 B2 T 518 i S 35 e b, Ry
AT EE IR T HRELe i SR BB R T, F M Ak 3 1
N [7) S R 0 S B 7 4 1K S b, DX Rl P 2 B S 0
() AC R A TR

B X gt S i SR e i LB SR T, WHO HEF# fif
FH NAL, FtEZE L) oseltamivir £l zanamivir {0324 NAI
FENG IR L 3z v, B Br 35 © A7 T 2 3 Ak i 4
., BF gy R WU O NA R [ OH275Y
E119V 28455200 5 NAT (A BAEH , (545 D 18 3 %0
oseltamivir FEH0 T 250 . HoAh S 200 oseltamivir 7=
AT 25 PR NA 2R 5842 6045 A(HINT) pdm09 774
T B 1 1223R € 4E (HTNO I bR 1) R292K %8
A% A, HINO iy Q136K %8 A% 42 % & 3 X
zanamivir (25, 75 A(HINID) pdm09 J5 5 H, 1223R
55 H275Y 2540 4 28 A £ 4 0 j5 B2 %) oseltamivir [ i
25K BRETSEHIA I R LN 2 1 NAT 254 4
oseltamivir }¢ zanamivir, N M BFHERRE IR RN A A
(HINL) pdm09 3721 it B kX NAT 2 75 1 25 K 4t
TR WS 25 748 A R 3, A RIS [R] s >R FH T 24 4 3R A2
o I K 5 PR 3 E XS 548 A(HINL) pdm09 S 7 37t Jek
JR R T 25k T o B SRR T, I I iR R 1C,
HISTE NAT BUSbR 1C5, 5 10 5L, H NAT s

AH IR B i R R AR 287 7R 2022—2025 4
BB WATHY ACHINL) pdm09 7 %0 37 J8s 3 % NAT
(oseltamivir F1 zanamivir) B¢, I PR b AT 4k &2 1t
NA 2 [a] 5 DU SR AT 20 i T 780 5 2 1, 2
TR B GoR 7 25 (A 4, oA 0 ) B2 A R i MV
W2 7K A, AR SZ AR SR B AR, 53 28 T s A A
SRR ZA R . AT AR B B, NA fiR S 4¢
SEPEDI NI TE 1 R AN 32 A Y BR A RS R A0 A
SE A A (RIS , DT (905 B A D B e b 2 4 i ik
Hh,NA IR fig i i 1845 5 S 40 A AR AR (R
LA L FR . XTS5 48 2022 F 2025 AERATHY A
(HINL) pdm09 .24 3 J8% 88 34T RS K B 408 &
B, SRR (B DR T 40 o I A% T R IR R, (R A F
AR oA AN 43 5, 2B B 3k PR A e R kA%
TP O AT —EREMNE S, X NA ZIEMR
FEET O30T, A BESE A (HINL) pdmO09 7 B 1 46 ) ]
V131 55 134V S8R 53, 15 R AR W 45 5110 — 3%,
B AR (1) 35 3 AFAE , B HE AT RE A 120 B 7 AR o
KIAGAT 538 N LR 2 TR . KRR I 46 HESs
BE A A TG PR A A0 A 78 S R 24067 1 28738 | X
NA 2 1 D R X e DR AL AR T B &5
OISO R
NA ZE 3l 2 A LA TR 1 A S0 00 41 | ot 254
MR E AT Re & 1F A EEAEM . AR T
A(HIN1) pdm09 VY g pR I HAT 146 {731k
LA, A AT AR AR S R 4 R 55 15 41 8Lt 1)
PR SRR 25, HLBR s vT BE 2 1 555 #5022 R G
FE IRYLHE J1, 146 LB A7 A5 E N B BB 254
F 0 N1 RS e 5 2 SR SE . 2022—2025
SH MR ACHIND) pdm09 1 7037855 fk NA & 1
PR N38OK v s A8 , ik S A N AR5,
N386K 22 4% fifi 386NFS W 3L Ak {7 41 & 2%, i 1 = B
NA FE AR R
V84 R I TBATY SR A — N FREE I A L DA PR
PRI R 5 T A 9, 0 HL R A 1 i 99 7 A A 5
FANA LR LB, A RE S| B0 15 PR RS Fn
A5 AR R R BOR M SRR RE 1o T LA
XS Y0 B B DA T A I R R T R 3 O
B, MISEH B Wk, H N HRTE /AR R H275Y
AR RO EE T I R 0 A R R T 24
P, B A At SRR A T I G A7 Y s 1) T BJ 0 AR, S TR Y
B 45 LA K F5 5B 7 8% 245 4 19 22 56 R 8 P 4 3L S 56 4k
Wi o
FIBIMSRAER  ABFIE AR (LT 25 wh %
(F#% 1409 )



PHAC T Bl7 B2 2% 2026 455 53 4555 8 1] Modern Preventive Medicine, 2026, Vol. 53, NO. 8

- 1409 -

[11]

[12]

implications for China[ J]. Chinese Journal of Zoonoses, 2024, 40
(7): 636 —643. (In Chinese)

fRPUE AW , T SCEE, A% 2020—2022 4 PO A YR 1 AR A0 i
HO A IR TR SR TR O B 25 [ 0] BRI B 2 4, 2023,
50(24) ;4532 -4536.

He Y, Deng H, Wang WZ, et al. Epidemic status and drug
resistance of foodborne Listeria monocytogenes, Chongqing, 2020 —
2022 J]. Modern PreventiveMedicine, 2023, 50 (24 ) . 4532 -
4536. (In Chinese)

IMEEE, 2 B, 5. T4 2021—2022 4R A i h A 20
JH8 £E 2 SR QTR 23 T ML 0 B B Tk 25 P 3 A [0 ] o [ A
BE2#,2024 24 (4) :468 —471, 498.
Sun TT, Li X, Wang WJ, et al. Molecular serotyping and
antibiotic resistance of Listeria monocytogenes isolates fromLiaoning
Province 2021 - 2022 [ J]. China Tropical Medicine, 2024, 24
(4) . 468 —471, 498. (In Chinese)

[13]

[14]

[15]

Li WW, Bai L, Fu P, et al
monocytogenes in China[ J]. Foodborne Pathogens and Disease,
2018, 15(8) : 459 —466.

IR T BIERAS 4. 2 PR 1R i e B 0 M 9 2 2 R I
T2 B B0 iy A r M [T]. & i AR 248, 2021, 33
(6) :697 -702.

Yan SF, Gan X, Hu YJ, et al. Antimicrobial and pathogenic

The epidemiology of listeria

characterization of Listeria monocytogenes isolated from ready — to —
eat meats[ J]. Chinese Journal of Food Hygiene, 2021, 33(6) :
697 —702. (In Chinese)
Harter E, Wagner EM, Zaiser A, et al. Stress survival islet 2,
predominantly present in listeria monocytogenes strains of sequence
type 121, is involved in the alkaline and oxidative stress responses
[J]. Applied and Environment Microbiology, 2017, 83 (16) :
e00827 - 17.

%5 B H#A.2025-11-26

(L% 1369 )
S E K

[1]

(2]

[10]

[11]

Influenza KLS. Seasonal influenza( Flu) [ J]. Nurs. Clin. N. Am,
2019, 54 227 -243. (In Chinese)

Ryu S, Cowling BJ. Human influenza epidemiology [ J]. Cold
Spring Harbor Perspectives in Medicine, 2021, 11(12) ; a038356.
Tokars JI, Olsen S]J, Reed C. Seasonal incidence of symptomatic
influenza in the United States[ J]. Clinical Infectious Diseases,
2018, 66(10); 1511 —1518.

LiJ, Zhang Y, Zhang X, et al. Influenza and Universal vaccine
research in China[ J]. Viruses, 2022, 15(1): 116.

Kumari R, Sharma SD, Kumar A, et al. Antiviral approaches
against influenza virus[ J]. Clinical Microbiology Reviews, 2023,
36(1): €0004022.

Bonomini A, Mercorelli B, Loregian A. Antiviral strategies against
influenza virus: an update on approved and innovative therapeutic
approaches[ J ]. Cellular and Molecular Life Sciences, 2025, 82
(1):75.

Meseko C, Sanicas M, Asha KMI, et al. Antiviral options and
therapeutics against influenza: history, latest developments and
future prospects [ J ]. Frontiers in Cellular and Infection
Microbiology, 2023, 13 1269344.

FEACHEL, A THIT, B, 5. U 5 25 106 5 I A B K
R[], 25242431 ,2025,60(4) :884 —894.

Ren YC, Yang BY, Wang J, et al. Research development and
progress of anti — influenza drug combinations [ J ]. Acta
Pharmaceutica Sinica, 2025, 60(4) : 884 —894. (In Chinese)
Zhang XJ, Ross TM. Anti — neuraminidase immunity in the combat
against influenzal J]. Expert Review of Vaccines, 2024, 23(1) .
474 -484.

Gubareva L, Mohan TE. Antivirals targeting the neuraminidase
[J]. Cold Spring Harbor Perspectives in Medicine, 2022, 12(1) .
a038455.

Xu J, Luo Q, Huang Y, et al. Influenza neuraminidase mutations
and resistance to neuraminidase inhibitors[ J]. Emerging Microbes
& Infections, 2024, 13(1) ; 2429627.

BPE, JETE, Bk, 45 2014—2023 45 B BT i AT MR E AT
FHAESMT[J/OL]. BB BE 2 2.1 -9 [2026 - 03 - 17].
https://doi. org/10. 19971/j. enki. 1006 —4028. 250083 N.

Zhao D, Zhou Y, Mao ZP, et al. Analysis of the epidemiological
characteristics of influenza in Kunming City from 2014 to 2023 [ J/
OL]. Journal of Preventive Medicine Information, 1 =9 [2026 —

[15]

[18]

03 - 17 ]. https://doi. org/10. 19971/j. cnki. 1006 — 4028.
250083N. (In Chinese)
0, ALB T AR, 4. 2016—2023 AR AL 50T 8 BH X R AT 1
B AT RHIE RO s AT [0 ] BRI RS 2%, 2025,52(6)
1001 - 1005.
Li C, Du XX, Wang JQ, et al. Epidemiological characteristics and
pathogenetic analysis of influenza in Chaoyang District, Beijing,
2016 —2023 [ J]. Modern Preventive Medicine, 2025, 52 (6):
1001 - 1005. (In Chinese)
ZE il , R, SRR, . 2018—2022 4R 1 17 AT MR E R
TR T[T, A g 42t 2 5, 2024, 28 (6 ) : 651 - 656,
744.
Li JR, Gao Y, Zhang JF, et al. Analysis on epidemiological
characteristics of influenza in Qingdao City, 2018 - 2022 [ J].
Chinese Journal of Disease Control & Prevention, 2024, 28 (6) :
651 —656, 744. (In Chinese)
Hussain S, Meijer A, Govorkova EA, et al. Global update on the
susceptibilities of influenza viruses to neuraminidase inhibitors and
the cap — dependent endonuclease inhibitor baloxavir, 2020 - 2023
[J]. Antiviral Research, 2025, 241 106217.
BRI WIRK, 22 R0, 45 K AF T 2016—2020 1 i 47 B 1 70
HINT RO MEER (HA) B RRAE A7 [T ], b [ 25612 W
2£,2023,27(6) :690 — 695.
Cui W, Chu Q, Li CG, etal. Analysis of Genetic Characteristics of
hemagglutinin(HA) gene of influenza A ( HINI1) pdm09 virus in
Changchun during 2016—2020[ J]. Chinese Journal of Laboratory
Diagnosis, 2023, 27(6) : 690 —695. (In Chinese)
RE o, RETE X8, 55. 2018—2020 4 11 A 44 11 £ HINL i
ST RE NA B PR AR S5 R 25 538 [T 1. vl I D A 9 2 2%
2021,16(5) :577 - 581.
Wu JL, Song SX, Liu T, et al. Analysis of the NA gene variation
and drug resistance of influenza A ( HIN1 ) pandemic viruses
during 2018 -2020 in Shandong Province[ J]. Chinese Journal of
Pathogen Biology, 2021, 16(5) ; 577 —=581. (In Chinese)
FHH FIGER, 2, A 2017—2020 AR iR AT I AL
FHR N 0% 2 ik 24 1 T 24 5 I A [0 ] 95 il
2021,36(10) :1081 - 1085.
Jiang CX, Han GY, Li Y, et al. Drug resistance of influenza A
(HIN1 ) pdm09 virus in Hebei, 2017 - 2020 [ ] ].
Surveillance, 2021, 36(10) : 1081 —1085. (In Chinese)
s B HA.2025-12-12

Disease





