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 2 

Abstract 17 

Purpose This study analyzed the genetic characteristics of influenza viruses circulating in Guizhou 18 

Province from 2017 to 2023 and their match with seasonal vaccine strains. 19 

Methods Based on hemagglutinin (HA) gene sequences, we performed phylogenetic analysis and 20 

assessed amino acid homology, antigenic site, and glycosylation site variations in A(H1N1), A(H3N2), 21 

B Victoria (BV), and B Yamagata (BY) viruses. 22 

Results HA homology with vaccine strains was highly conserved for H1N1, BV, and BY 23 

(median >98.7%). In contrast, H3N2 viruses showed significantly lower homology (median 98.0%; 24 

IQR 97.81%–98.00%) and broader variation (96.55%–99.09%). Phylogenetically, all H1N1 strains 25 

clustered within 6B.1A, H3N2 within 3C.2a1b, BV within 1A.3a.1, and BY within Y3. Notably, some 26 

H3N2 strains with low homology formed an independent cluster and commonly carried the S193F 27 

substitution in antigenic site B, suggesting potential antigenic drift. Key mutations in antigenic and 28 

glycosylation sites were identified across all subtypes, particularly in H3N2 and BV. 29 

Conclusion Despite overall high homology, the observed genetic variability—especially the emergence 30 

of a distinct H3N2 cluster with antigenic site mutations—highlights the continuous evolutionary 31 

potential of influenza viruses in Guizhou. These findings underscore the need for enhanced genomic 32 

surveillance to monitor antigenic drift, inform the timely reformulation of annual vaccine compositions, 33 

and support evidence-based recommendations on seasonal influenza vaccination. 34 

Key words: Influenza virus; Hemagglutinin; Genetic characterization; Vaccine strain matching; 35 

Antigenic drift; Molecular surveillance 36 
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1.Introduction 38 

Influenza is a highly contagious respiratory illness caused by RNA viruses capable of infecting humans. 39 

Annually, influenza affects approximately 5–15% of the global population, resulting in an estimated 40 

250,000 to 500,000 deaths worldwide[1, 2], thereby posing a serious threat to public health. 41 

Influenza viruses belong to the family Orthomyxoviridae and are classified into four types—A, B, 42 

C, and D—based on antigenic and genetic differences in their nucleoprotein and matrix protein[3]. 43 

Influenza A viruses exhibit high antigenic variability, strong replication capacity, and the ability to 44 

undergo genetic reassortment, making them the primary cause of influenza pandemics[3]. Although 45 

often overlooked, influenza B viruses also contribute significantly to seasonal outbreaks, particularly 46 

among children, and can dominate in certain seasons[4-6]. In China, the main circulating strains 47 

responsible for seasonal influenza include A(H1N1), A(H3N2), B Victoria（BV）, and B Yamagata（BY）48 

[7], which often alternate in prevalence across years[8]. 49 

Influenza viruses evolve rapidly, accumulating mutations that enable them to evade both natural 50 

and vaccine-induced immunity. Much of this evolution occurs in the hemagglutinin (HA) surface 51 

glycoprotein[9], which serves as the primary target of neutralizing antibodies and a key component of 52 

influenza vaccines. Although annual vaccination remains the most effective strategy to reduce 53 

influenza-related morbidity and mortality, its effectiveness can be limited when antigenic mismatches 54 

occur between vaccine and circulating strains[10, 11]. The HA protein contains antigenic sites and 55 

receptor-binding domains; mutations in these regions may alter antigenicity, receptor specificity, and 56 

virulence[12]. Continuous accumulation of mutations in antigenic sites drives viral evolution and the 57 

emergence of new strains[13]. The frequent appearance of new genetic variants capable of replacing 58 

previously circulating strains underscores the need for regular updates to vaccine formulations. 59 

Amino acid substitutions in HA may also lead to changes in glycosylation patterns, which can 60 

facilitate immune evasion by shielding epitopes, stabilizing HA structure, or modulating 61 

receptor-binding affinity[14-16]. Therefore, continuous virologic surveillance is essential to detect 62 

emerging strains with potential for enhanced transmissibility, virulence, or resistance to antivirals. 63 

To better prevent and control seasonal influenza, based on the comparison with existing vaccine 64 

strains, this study analyzed the genetic and molecular characteristics of influenza A and B viruses 65 
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detected in Guizhou from 2017 to 2023. 66 

2. Materials and Methods 67 

2.1 Cell culture and virus infection 68 

2.1.1. Cell Culture 69 

Madin-Darby canine kidney (MDCK) cells (obtained from the National Influenza Center) were 70 

cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum 71 

(FBS), 25 mM HEPESr, and 1% penicillin-streptomycin at 35°C in a humidified incubator with 5% 72 

CO₂ for 2-3 days. 73 

2.1.2. Virus Inoculation and Propagation 74 

For virus isolation, MDCK cells were seeded in T-25 flasks and grown to approximately 90% 75 

confluence. Prior to infection, the cell monolayer was washed three times with phosphate-buffered 76 

saline (PBS) to remove residual serum. Next, 1 mL of clinical specimens, which had been identified as 77 

influenza A or B virus-positive by RT-PCR, was inoculated onto the cells. The cultures were incubated 78 

for 1 hour at 35°C to allow for virus adsorption, with gentle rocking every 15 minutes. Following the 79 

adsorption period, the inoculum was aspirated, the cells were washed once with PBS, and then 5 mL of 80 

the serum-free DMEM (used as the virus growth medium) containing 2 µg/mL TPCK-trypsin 81 

(Tosylamide Phenylethyl Chloromethyl Ketone-treated trypsin; Sigma-Aldrich, Type VIII from bovine 82 

pancreas) was added to support viral propagation. 83 

2.1.3. Harvest of Viral Supernatant 84 

The infected cell cultures were incubated at 35°C and monitored daily for the development of 85 

cytopathic effect (CPE, e.g., cell rounding and detachment). Once significant CPE was observed 86 

(typically 3–7 days post-infection), the culture supernatant was harvested by centrifugation at 3,000 ×g 87 

for 10 minutes at 4°C. The clarified supernatant was then aliquoted and stored at -80°C for further viral 88 

titration and characterization. 89 

2.1.4. Hemagglutination and hemagglutination inhibition assays 90 
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The hemagglutination (HA) activity of the harvested culture supernatant was tested using guinea pig or 91 

human type O erythrocytes. Samples negative for HA were blindly passaged once, Samples with low 92 

HA titers (<1:8) were passaged at dilutions ranging from 10⁻¹ to 10⁻³ to amplify the virus. Viral type 93 

and subtype were subsequently confirmed by hemagglutination inhibition (HI) assays using reference 94 

antisera provided by the National Influenza Center. 95 

2.2 Sequencing and Data Collection 96 

A total of 312 real-time RT-PCR positive clinical specimens from influenza-like illness (ILI) cases, 97 

collected between January 2017 and December 2023, were selected for genetic analysis. The specimens 98 

comprised influenza A(H1N1) (n=31), A(H3N2) (n=86), BV(n=171), and BY (n=24). The annual 99 

distribution of strains is detailed in Table 1. 100 

Viral RNA was extracted from these specimens using a Viral DNA/RNA Extraction Kit (Magnetic 101 

Bead Method; Xi'an Tianlong Science and Technology Co., Ltd.). Subsequently, the HA gene was 102 

amplified using subtype-specific primers with the PrimeScript One Step RT-PCR Kit Ver.2 (Dye Plus; 103 

TaKaRa). The resulting amplicons were purified and sequenced via the Sanger method at either the 104 

National Influenza Center or Sangon Biotech (Shanghai). For phylogenetic and comparative analysis, 105 

reference sequences representing known clades and the WHO-recommended Northern Hemisphere 106 

vaccine strains for the 2017–2023 seasons were downloaded from the GISAID database. 107 

Table 1  Number of different subtype/lingage HA nucleotide sequences were used in this study 108 

in Guizhou from 2017 to 2023. 109 

Subtype/Lingage No of 
2017 
strains 

No of 
2018 
strains 

No of 
2019 

strains 

No of 
2020 

strains 

No of 
2021 

strains 

No of 
2022 

strains 

No of 
2023 

strains 

H1N1 8 3 12 0 0 0 8 

H3N2 8 2 14 0 0 57 5 

B/Victoria   5 4 21 34 91 16 0 

B/Yamagata 9 8 7 0 0 0 0 

 110 
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2.3 Amino acid homology analysis 111 

The "DISTANCE" tool in MEGA 12.0.10 software was used to calculate the amino acid sequence 112 

homology of HA protein between each epidemic strain and its corresponding vaccine strain, and the 113 

homology percentage was recorded. For each influenza virus subtype, descriptive statistics were 114 

calculated to characterize the distribution of homology values throughout the study period (2017-2023). 115 

This includes the median used to represent the concentration trend, the first and third quartiles used to 116 

define the interquartile range, and the minimum and maximum values used to define the total range. 117 

The interquartile range contains the middle 50% of the data and is used as the main indicator to 118 

measure the degree of dispersion. 119 

2.4 Phylogenetic Analysis 120 

Phylogenetic analysis was performed using MEGA software (version 12.0.10). Maximum likelihood 121 

trees were constructed with the best-fit nucleotide substitution models, which were the 122 

Hasegawa-Kishino-Yano model with gamma distribution (HKY+G) for H1N1 and influenza B viruses, 123 

and HKY+G with invariant sites (HKY+G+I) for H3N2 viruses. The statistical confidence of the tree 124 

topology was assessed with 1000 bootstrap replicates. The final phylogenetic trees were visualized and 125 

annotated using the online tool Chiplot (https://www.chiplot.online/). 126 

2.5 Amino Acid Mutation Analysis 127 

Amino acid sequences were translated from nucleotide sequences using the standard genetic code in 128 

MEGA software. Multiple sequence alignment was then performed using the ClustalW algorithm to 129 

identify amino acid substitutions. 130 

2.6 Predicting glycosylation sites 131 

Potential N-linked glycosylation sites in the HA protein were predicted using the web-based tool 132 

https://www.chiplot.online/
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NetNGlyc 1.0 , with sites exceeding the default threshold of 0.5 considered positive. 133 

2.7 Antigenic epitope analysis and structural modeling 134 

The distribution of amino acid substitutions in antigenic epitopes was visualized using Chiplot 135 

(https://www.chiplot.online/) to create a cone stack layout. For structural analysis, the publicly 136 

available three-dimensional crystal structure of the BV virus HA (B/Brisbane/60/2008, PDB ID: 4FQM) 137 

was downloaded from the Protein Data Bank (https://www.rcsb.org/). Key residue differences between 138 

the vaccine strain and Guizhou BV strains were mapped onto the HA structure using PyMOL version 139 

3.1.0 (https://www.pymol.org/). The gain or loss of a glycosylation site resulting from amino acid 140 

substitutions at position 197 was identified. 141 

3.Results 142 

3.1 H1N1 subtype 143 

From 2017 to 2023, the amino acid homology of HA protein between H1N1 virus and vaccine strains 144 

at the same period maintained at a high level, with a median of 98.72% (IQR: 98.54% -99.09%). The 145 

distribution range of homology was relatively concentrated (full range: 98.00% -99.82%), indicating 146 

that the antigenicity of H1N1 virus population was highly conservative during the study period, and it 147 

was well matched with the vaccine strain. Phylogenetic analysis revealed that all circulating strains 148 

belonged to clade 6B.1, exhibiting continuous evolution. Early strains (2017-2018) were located in 149 

subclades like 6B.1A. By 2019, the viruses diversified into multiple subclades (e.g., 6B.1A.5a.), with 150 

91.7% carrying the S183P substitution. No H1N1 viruses were detected between 2020 and 2022. All 151 

viruses from 2023 clustered in the 6B.1A.5a.2 subclade with the A/Wisconsin/588/2019 vaccine strain 152 

but accumulated multiple substitutions, including K54Q, A186T, Q189E, R259K, k308R and I418V 153 

(Figure 1). Antigenic site analysis identified specific amino acid replacements relative to different 154 

vaccine strains, with notable changes in the Sb and Ca sites. Analysis of glycosylation sites identified 155 

eight conserved locations, with a variation at position 272 in two strains leading to a new potential 156 
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glycosylation site.A complete list of all detected amino acid substitutions and glycosylation site 157 

variations is provided in Supplementary Table S1. 158 

 159 

Figure 1  Phylogenetic tree of HA sequences from influenza H1N1 viruses in Guizhou Province, 160 

2017–2023. 161 

3.2 H3N2 subtype 162 

In stark contrast to other subtypes, the HA amino acid homology between H3N2 virus and vaccine 163 

strain was significantly lower (median 98.00%). Most strains (IQR: 97.81% -98.00%) showed good 164 

conservation, but the homology distribution was wide (full range: 96.55% -99.09%). It is worth noting 165 

that we identified a subgroup with significantly reduced homology (n=5), and its homology with the 166 

vaccine strain was only 96.55%. Phylogenetic analysis confirmed that these low homologous strains 167 

A/Guizhou/SWL1/2009

A/Guizhou Qingzhen/SWL1251/2013
A/Guizhou Nanming/SWL11969/2013
A/Michigan/45/2015(VS2017 19)(6B.1)

A/Guizhou Qixinguan/SWL131/2017
A/Guizhou Qingzhen/SWL1331/2017
A/Guizhou Qingzhen/1331/2017

A/Guizhou Qixinguan/SWL1956/2017

A/Switzerland/2656/2017(6B.1A)

A/Guizhou Qingzhen/SWL1353/2017
A/Guizhou Nanming/SWL11523/2017

A/Guizhou Qingzhen/SWL1345/2017
A/Guizhou Xinyi/SWL138/2018

A/Guizhou Xixiu/SWL1883/2017
A/Guizhou Qingzhen/SWL131/2018

A/Guizhou Qixinguan/1104/2019
A/Guizhou Xinyi/SWL15/2019

A/Guizhou Nanming/SWL140/2019
A/Brisbane/02/2018(VS2019 20)(6B.1A.1)

A/Guizhou Bijiang/SWL1405/2019
A/Switzerland/3330/2017(6B.1A.5b)

A/Guizhou Xinyi/SWL1145/2019
A/Guizhou Bijiang/SWL1350/2019

A/Guizhou Qingzhen/SWL1212/2019

A/Guizhou Huichuan/SWL1223/2019
A/Wisconsin/588/2019(6B.1A.5a.2)(VS2021 23)

A/Guizhou Qingzhen/SWL1270/2019

A/Guizhou Honghuagang/SWL11033/2019

A/Guizhou Anlong/SWL324/2023

A/Guizhou Nanming/SWL13303/2018
A/Guizhou Xixiu/SWL1202/2019

A/Guangdong Maonan/SWL1536/2019(6B.1A.5a.1)(VS2020 21)
A/Guizhou Nanming/SWL1692/2019

A/Guizhou Qixinguan/SWL32/2023
A/Guizhou  hongshan/SWL1514/2023

A/Guizhou  hongshan/SWL1484/2023
A/Guizhou Xinyi/SWL1681/2023

A/Guizhou Nanming/SWL1778/2023
A/Guizhou Honghuagang/SWL1267/2023
A/Guizhou Honghuagang/SWL1261/2023

0.003 ree scale

Strain type
Vaccine strain
Reference strain
Previous year strain

Clade
6B.1A.1

6B.1A.7

6B.1A

6B.1

6B.1A.5b

6B.1A.5a

6B.1A.5a.1

6B.1A.5a.2

K45Q A186T Q189E
R259K K308R I418V

K130N L161I
V250A E506D

Q189E

N260D

S183P

S74R I295V
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formed an evolutionary cluster independent of the branch of the vaccine strain, and all carried S193F 168 

mutation, which was located within the known antigenic site B, which provided a molecular 169 

explanation for their potential antigenicity differences, and also suggested that there was continuous 170 

antigenic diversity within the virus population during the study period. Phylogenetically, 88.4% of 171 

strains belonged to clade 3C.2a1. All viruses from the 2022 outbreak formed a distinct cluster within 172 

subclade 3C.2a1b.2a.1a, characterized by mutations including N159Y and N190D. By 2023, strains 173 

had further evolved into subclade 2a.3a.1. It is worth noting that there is a significant genetic distance 174 

between some vaccine strains and local epidemic strains from 2014 to 2017 (Figure 2). Antigenic site 175 

analysis revealed that a large number of key amino acid substitutions were accumulated at sites A and 176 

B (such as S198P, I192F) and receptor binding sites (such as N190D) over time. Glycosylation analysis 177 

identified key gains (e.g., at position 158 due to K160T) and losses (e.g., at position 133 due to T135K) 178 

of potential N-linked glycosylation sites, which may collectively influence viral antigenicity.A 179 

complete list of all detected amino acid substitutions and glycosylation site variations is provided in 180 

Supplementary Table S2. 181 
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 182 

Figure 2  Phylogenetic tree of HA sequences from influenza H3N2 viruses in Guizhou Province, 183 

2017–2023. 184 

A/Singapore/INFIMH 16 0019/2016(VS2018 19)
A/Guizhou Qingzhen/1968/2016

A/Guizhou Douyun/1790/2017

A/Slovenia/3188/2015(3C.2a1)
A/Guizhou Nanming/12878/2016

A/Texas/50/2012(VS2014 15)

A/Hong Kong/4801/2014(VS2016 18)
A/Hong Kong/5738/2014(3C.2a)

A/Guizhou Honghuagang/117/2015
A/Guizhou Kaili/1641/2013
A/Guizhou Duyun/1652/2013

A/California/7/2004
A/Victoria/361/2011(VS2013 14)

A/Guizhou Huichuan/1636/2017

A/Norway/3275/2018(3C.2a1b)

A/Guizhou/34/2019
A/Guizhou Honghuagang/325/2019

A/Guizhou Bijiang/1418/2019

A/Guizhou  hongshan/1722/2014

A/Bretagne/1413/2017(3C.2a2)
A/Guizhou Douyun/1209/2019
A/Guizhou Kaili/1832/2019

A/Guizhou Honghuagang/1808/2017

A/Cambodia/E0826360/2020(VS2021 22)
A/Darwin/6/2021(VS2022 24)

A/Guizhou Xixiu/11179/2018

A/Guizhou Qixinguan/334/2019

A/Switzerland/9715293/2013(VS2015 16)

A/Guizhou Nanming/1958/2018

A/Guizhou Xixiu/1777/2017

A/Guizhou jinping/325/2022

A/Guizhou Qingzhen/1110/2019

A/Hong Kong/2671/2019(VS2020 21)

A/Kansas/14/2017(VS2019 20)

A/Guizhou Honghuagang/1840/2016
A/Guizhou  hongshan/124/2017

A/Guizhou Nanming/12448/2017

A/Guizhou liuzhite/320/2022

A/Guizhou Meitan/32/2023
A/Guizhou Meitan/311/2023
A/Guizhou Nanming/325/2023

A/Guizhou Bijiang/1351/2019

A/Guizhou Xinyi/1799/2014
A/Guizhou  hongshan/1975/2014

A/Guizhou Xinyi/11038/2017
A/Guizhou  unyi/11038/2017

A/Guizhou liuzhite/317/2022

A/Guizhou Nanming/3181/2023
A/Guizhou Douyun/1230/2023

A/Guizhou Nanming/132/2019
A/Guizhou Nanming/1139/2019

A/Guizhou Kaili/15/2019
A/Guizhou Nanming/147/2019

A/Guizhou Bijiang/1323/2019
A/Guizhou Xinyi/354/2019

A/Guizhou kaili/1358/2022
A/Guizhou congjiang/311/2022
A/Guizhou jinping/324/2022
A/Guizhou Liuzhite/343/2022
A/Guizhou Liuzhite/318/2022

A/Guizhou Kaili/1565/2022
A/Guizhou jinping/318/2022

A/Guizhou Kaili/1540/2022
A/Guizhou liuzhite/312/2022
A/Guizhou liuzhite/323/2022

A/Guizhou Liuzhite/328/2022
A/Guizhou kaili/1352/2022
A/Guizhou Liuzhite/325/2022
A/Guizhou congjiang/314/2022
A/Guizhou congjiang/39/2022
A/Guizhou xinyi/1715/2022
A/Guizhou congjiang/313/2022
A/Guizhou liuzhite/313/2022
A/Guizhou Liuzhite/327/2022

A/Guizhou liuzhite/321/2022
A/Guizhou Qinglong/316/2022

A/Guizhou Yilongxin/31/2022

A/Guizhou liuzhite/329/2022
A/Guizhou kaili/1363/2022
A/Guizhou xinyi/1756/2022

A/Guizhou xinyi/1723/2022
A/Guizhou Guanlingbuyizumiaozuzizhi/352/2022

A/Guizhou xinyi/1721/2022
A/Guizhou kaili/1360/2022
A/Guizhou kaili/1361/2022

A/Guizhou xinyi/1779/2022
A/Guizhou Liuzhite/324/2022

A/Guizhou  hongshan/1677/2022
A/Guizhou Douyun/1738/2022
A/Guizhou kaili/1355/2022
A/Guizhou Guanlingbuyizumiaozuzizhi/340/2022

A/Guizhou Anlong/319/2022
A/Guizhou jinping/322/2022
A/Guizhou xinyi/1728/2022

A/Guizhou Liuzhite/315/2022
A/Guizhou congjiang/312/2022

A/Guizhou  hongshan/1533/2022
A/Guizhou xinyi/1752/2022
A/Guizhou xinyi/1769/2022
A/Guizhou  hongshan/1680/2022
A/Guizhou Liuzhite/326/2022

A/Guizhou xinyi/1766/2022
A/Guizhou xinyi/1759/2022
A/Guizhou jinping/323/2022

A/Guizhou Xixiu/31/2022
A/Guizhou Guanlingbuyizumiaozuzizhi/326/2022
A/Guizhou xinyi/1727/2022

A/Guizhou Xixiu/1445/2022
A/Guizhou Liuzhite/311/2022

0.003 ree scale

Strain type
Vaccine strain
Reference strain
Previous year strain

Clade
3C.2a1b.2a.1a

3C.2a1b.2a.2a

3C.2a1b.2a.2a.3a.1

3C.2a1b

3C.2a1b.1b

3C.2a1

3C.3a

3C.3a1

3C.2

3C.2a2

3C.2a3

I48T

G186S A198P I522M

K83E Y94N Y195F

E50K D53N
G186D I192F I223L N378S

V529I

E62G V347M

S137FK92R

N121K T131K

I406V G484E

T131K R142K

T135K N144K R150K

T128A
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3.3 BV lineage 185 

The homology between BV virus and vaccine strain was also conservative, with a median of 98.77% 186 

(IQR: 97.77% -98.94%). Despite several updates of vaccine strains, the homology distribution 187 

remained in a narrow high range (full range: 98.06% -99.82%), suggesting that the selection of vaccine 188 

strains can effectively cover the antigenic variation of BV virus. Phylogenetically, 93.0% of strains 189 

belonged to the clade 1A.3a. Notably, circulating strains in Guizhou frequently preceded vaccine 190 

updates; for instance, the 2017-2018 strains clustered with the subsequent season's vaccine strain, 191 

B/Colorado/06/2017. Since 2019, the vast majority of the strains (95.7%) have lost 162-164 amino 192 

acids. Later viruses diverged into two main subclades, 1A.3a1(with V220M/P241Q) and 1A.3a2 (with 193 

K203L/A127T/P144L) (Figure 3). Antigenic site analysis identified the 120-loop as the most variable 194 

region. Glycosylation prediction revealed dynamic gain and loss of a key glycosylation site at position 195 

197, suggesting potential antigenic implications (Figure 4).A complete list of all detected amino acid 196 

substitutions and glycosylation site variations is provided in Supplementary Table S3. 197 
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 198 

Figure 3  Phylogenetic tree of HA sequences from influenza BV viruses in Guizhou Province, 199 

2017–2023. 200 

B/Guizhou Nanming/1443/2010

B/Brisbane/60/2008V1AVS2010 18
B/Texas/02/2013V1A 2

B/G  Huichuan/11023/2020
B/Colorado/06/2017 (1A.1) VS2018 19

B/G /30/2021

B/Guizhou Qixinguan/1729/2017
B/Guizhou  henyuan/33/2019

B/G  Kaili/1322/2019

B/G  duyun/157/2021
B/G  duyun/158/2021

B/Guizhou Kaili/1346/2019
B/Guizhou Bijiang/1516/2019

B/Guizhou Honghuagang/1952/2017
B/Guizhou Douyun/11123/2018

B/Washington/02/2019(1A.3a)VS2020 21
B/Guizhou Xinyi/1956/2019
B/G  Kaili/11022/2019

B/G  Kaili/11032/2019
B/Guizhou Xinyi/1910/2019
B/Guizhou Xixiu/19/2020

B/Guizhou Kaili/1212/2021
B/Austria/1359417/2021(1A.3a.2) VS2022 23

B/Guizhou Qixinguan/326/2017

B/Guizhou Kaili/8103/2017
B/Guizhou Xinyi/1315/2018

B/Guizhou Huichuan/1150/2019
B/G  Qixingguan/1342/2019

B/G  songtao/39/2021

B/Guizhou Qingzhen/140/2018

B/Guizhou Honghuagang/1392/2019
B/G  Qingzhen/125/2020

B/G  Kaili/36/2019

B/Guizhou Douyun/151/2021

B/G /24/2021
B/Guizhou Honghuagang/1315/2022

B/Guizhou Qixinguan/1781/2017
B/Guizhou Honghuagang/1214/2018

B/Guizhou Xinyi/1544/2019

B/G  songtao/322/2021

B/Guizhou Songtaomiaozuzizhi/346/2021

B/Guizhou Nanming/1252/2022

B/G  Bijiang/135/2020

B/Guizhou Huichuan/1251/2021

B/G /18/2021
B/G /19/2021

B/G   hongshan/1632/2019

B/Guizhou Douyun/11079/2020

B/Guizhou Honghuagang/1884/2021
B/Guizhou Huichuan/1291/2022

B/Guizhou Douyun/1290/2022

B/G   hongshan/1302/2019

B/Guizhou Douyun/198/2021

B/Guizhou Xinyi/136/2022

B/Guizhou Qixinguan/1443/2019

B/Guizhou Kaili/1198/2021

B/Guizhou Bijiang/1897/2021

B/G  Bijiang/1126/2020

B/Guizhou Bijiang/1379/2021

B/Guizhou Kaili/143/2022

B/G  Qingzhen/12/2020

B/G  huichuan/120/2021

B/G /23/2021

B/Guizhou Honghuagang/1438/2019

B/G  duyun/164/2021

B/Guizhou  hongshan/1296/2022

B/Guizhou Pingba/35/2019

B/Guizhou Huichuan/1175/2021

B/Guizhou Xixiu/1218/2021

B/Guizhou Chishui/53/2019

B/G  duyun/198/2021

B/Guizhou Honghuagang/19/2022

B/Guizhou Honghuagang/1965/2019
B/G  Huichuan/1943/2019

B/Guizhou Bijiang/1499/2021

B/Guizhou Xixiu/1122/2022
B/Guizhou  hongshan/1881/2021

B/Guizhou Kaili/17/2021
B/Guizhou Douyun/137/2021
B/Guizhou Douyun/158/2021

B/Guizhou Nanming/11818/2021

B/Guizhou Kaili/11077/2020

B/Guizhou Bijiang/1283/2022

B/Guizhou Douyun/11054/2020

B/Guizhou Xixiu/158/2022

B/G /14/2021

B/Guizhou Ceheng/311/2021

B/Guizhou Douyun/142/2021

B/G /21/2021

B/Guizhou/13587/2020

B/Guizhou Qixinguan/179/2022

B/G  yvping/37/2021

B/G /22/2021

B/Guizhou Douyun/18/2021

B/Guizhou Xinyi/11968/2021
B/Guizhou Xixiu/1222/2022

B/Guizhou Douyun/157/2021
B/Guizhou  hongshan/138/2022
B/Guizhou Kaili/11102/2020
B/Guizhou Douyun/11113/2020
B/Guizhou Douyun/16/2021
B/Guizhou Douyun/152/2021
B/Guizhou Douyun/155/2021
B/G  bijiang/1477/2021
B/Guizhou Douyun/110/2021
B/Guizhou  hongshan/1215/2022
B/Guizhou Douyun/119/2021
B/Guizhou Kaili/11069/2020
B/Guizhou Kaili/345/2020

B/Guizhou Douyun/122/2021
B/G  duyun/104/2021
B/Guizhou Bijiang/1344/2022
B/G  duyun/165/2021
B/G /26/2021

B/Guizhou Kaili/1221/2021
B/Guizhou Kaili/11089/2020
B/Guizhou Douyun/165/2021
B/Guizhou Huichuan/1158/2021
B/Guizhou Douyun/175/2021
B/Guizhou Kaili/1189/2021
B/Guizhou Douyun/11021/2020
B/G /16/2021
B/G /20/2021
B/G  yvping /38/2021
B/Guizhou Kaili/1981/2021
B/G /17/2021
B/G /13/2021
B/Guizhou Kaili/11085/2020
B/Guizhou Kaili/11079/2020
B/Guizhou Douyun/15/2021
B/Guizhou Douyun/163/2021

B/Guizhou Douyun/317/2020
B/Guizhou Douyun/11092/2020
B/Guizhou Douyun/179/2021
B/Guizhou Kaili/344/2020
B/Guizhou Douyun/112/2021
B/Guizhou Kaili/11098/2020
B/Sichuan Jingyang/12048/2019 (1A.3a.1)
B/G /28/2021
B/Guizhou Douyun/174/2021

B/Guizhou Honghuagang/1162/2022
B/Guizhou Douyun/11062/2020
B/Guizhou Douyun/141/2021
B/G /29/2021
B/Guizhou Douyun/143/2021
B/Guizhou Kaili/11104/2020
B/Guizhou Kaili/347/2020
B/Guizhou Douyun/1104/2021
B/Guizhou Huichuan/11042/2020
B/G  songtao/311/2021
B/Guizhou Douyun/117/2021
B/Guizhou Douyun/170/2021
B/Guizhou Kaili/348/2020
B/Guizhou Douyun/14/2021
B/Guizhou Douyun/318/2020
B/Guizhou Douyun/120/2021
B/G  songtao/34/2021
B/Guizhou Kaili/11071/2020
B/Guizhou Douyun/13/2021
B/Guizhou Douyun/17/2021
B/Guizhou Douyun/164/2021
B/Guizhou Huichuan/125/2021

B/Guizhou Douyun/138/2021
B/Guizhou Huichuan/120/2021
B/Guizhou Douyun/11103/2020
B/G /15/2021

B/G /25/2021
B/Guizhou Kaili/13/2021
B/G  songtao/310/2021
B/Guizhou Kaili/11090/2020
B/G  duyun/179/2021
B/G /12/2021

B/Guizhou Songtaomiaozuzizhi/328/2021
B/Guizhou Douyun/11102/2020
B/Guizhou Douyun/153/2021
B/Guizhou Majiang/31/2020
B/Guizhou Kaili/346/2020

B/Guizhou Bijiang/1401/2021

0.001 ree scale

Clade
V1A

V1B

V1A.3a.A

V1A.3a.B

V1A.3a.2

V1A.3a

Strain type
Reference strain
Vaccine strain
Previous year strain

V220M P241Q

K203L A127T P144L
H122K/Q

N150K G184E
N197D R279K

G133R

T548A

I162V
V379I
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 201 

 202 

A. Distribution of amino acid substitutions 
in antigenic epitopes. 

B. Mapping of amino acid substitutions and 
glycosylation site changes on the HA protein structure. 

Figure 4  High-frequency mutations in the 120-loop and emergence of a novel glycosylation site 203 

at epitope 197 in influenza B/Victoria viruses, Guizhou, China, 2017–2023. 204 

(A) Distribution of amino acid substitutions in antigenic epitopes. Each circle represents an individual 205 

virus strain, and the circle size indicates the number of amino acid substitutions observed at each site. 206 

(B) Three-dimensional structure of the BV virus HA protein (based on B/Brisbane/60/2008, PDB ID: 207 

4FQM). Key residue differences between the vaccine strain and Guizhou strains are highlighted; the 208 

substitution at position 197 (arrow) indicates the gain/loss of a potential glycosylation site. 209 

3.4 BY lineage 210 

The median homology of BY virus was 99.65% (IQR: 99.47% -99.65%), and the distribution range 211 

was limited (full range: 99.12% -99.65%). All circulating strains in Guizhou belonged to clade Y3 and 212 

differed from the B/Phuket/3073/2013 vaccine strain by only minor changes, including L172Q and 213 

M251V (Figure 5). Antigenic site analysis identified only two substitutions (D163E and T198P) in a 214 

limited number of 2017-2019 strains. Glycosylation site prediction revealed the loss of the 196NKT 215 

site in one strain due to a T198P mutation. 216 
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 217 

Figure 5 Phylogenetic tree of HA sequences from influenza BY viruses in Guizhou Province, 218 

2017–2023. 219 

4.Discussion 220 

Seasonal influenza poses a major public health challenge, responsible for up to substantial economic 221 

losses amounting to billions of US dollars [17, 18]. In response to this challenge, this study aims to 222 

systematically analyze the genetic characteristics of hemagglutinin (HA) gene of influenza A and B 223 

viruses in Guizhou Province from 2017 to 2023, including its homology with vaccine strains, amino 224 

acid variation and glycosylation mode, in order to provide key basis for scientific prevention and 225 

B/massachusetts/02/2012(Y2)

B/Guizhou Nanming/1303/2008

B/Wisconsin/01/2010(Y3)

B/Guizhou Nanming/11176/2011
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B/Guizhou Kaili/11137/2017

B/Guizhou Bijiang/114/2018

B/Guizhou Honghuagang/1246/2018

B/G  Xinyi/1468/2019

B/Guizhou Qixinguan/113/2017

B/Guizhou Kaili/312/2017

B/Guizhou Huishui/32/2018

B/Guizhou Qixinguan/1831/2017

B/Guizhou Huichuan/1109/2015

B/Guizhou Xinyi/1216/2018

B/Guizhou Qingzhen/130/2018

B/Guizhou Xixiu/1190/2018

B/Guizhou Xinyi/1828/2017

B/Guizhou Nanming/12930/2017

B/Guizhou Jinping/31/2017

B/G  Bijiang/1267/2019

B/Guizhou Bijiang/1221/2019

B/Guizhou Honghuagang/1177/2018

B/Guizhou Huaxi/331/2017

B/Guizhou Bijiang/1254/2019

B/G  Bijiang/1516/2019

B/G  Xinyi/1346/2019

B/Guizhou  iyun/31/2017

B/Guizhou Qingzhen/1161/2018

B/G  Xinyi/1269/2019

0.001 ree scale

Clade
Y2

Y3

Strain type
Previous year strain
Reference strain
Vaccine strain

E312K K298E

L172Q M251V
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control of local influenza.  226 

Phylogenetic analysis revealed that all H1N1 strains from Guizhou (2017-2023) belonged to clade 227 

6B.1 and maintained high amino acid homology (median 98.72%) with vaccine strains. In 2019, the 228 

virus showed multi branch coexistence and generally carried S183P mutation, suggesting that there 229 

may be a dual drive of local pedigree revival and external new pedigree input. Antigenic site analysis 230 

identified substitutions in key epitopes, including D187A/V in the 190-helix. Notably, the evolution at 231 

position 187—from avian-preferred E187 to the swine-adapted D187—may represent a continued 232 

adaptation to human hosts. [19]Glycosylation sites remained largely stable, with only two strains 233 

acquiring a new 276NTT site due to V272F/A substitutions. 234 

In Guizhou, H3N2 viruses from 2017-2023 predominantly belonged to clade 3C.2a1. Their 235 

significantly lower HA homology to vaccine strains, consistent with rapid evolution, was linked to 236 

frequent amino acid substitutions across antigenic sites in 2019. Notably, the K160T substitution 237 

introduced a new glycosylation site (158NYT). Variations in the 158-160 region, particularly at 238 

position 160, are known to alter antigenicity.[20] The strains of the epidemic in 2022 were all clustered 239 

in the 3c.2a1b.2a.1a subclades, indicating that the outbreak was dominated by a single input 240 

source.Viruses from 2023, evolving further, lost the 94NSS glycosylation site due to an N96S 241 

substitution, a change warranting further investigation for its potential impact on antibody recognition. 242 

Phylogenetic analysis revealed that 93.0% of BV strains in Guizhou belonged to clade 1A.3a. 243 

Notably, some circulating strains from 2017-2019 clustered with subsequent seasonal vaccine strains 244 

(e.g., B/Colorado/06/2017, B/Washington/02/2019), indicating that local epidemiology sometimes 245 

preceded global vaccine recommendations. Antigenic analysis confirmed the 120-loop as the most 246 

variable region, with 98.24% of strains carrying substitutions. A characteristic 162-164 deletion in the 247 

160-loop was also prevalent, this is the same finding as the influenza report issued by WHO[21]. 248 

Glycosylation analysis revealed a dynamic pattern at position 197: it was gained in 2017 via D197N 249 

but subsequently lost in 74.69% of post-2019 strains due to reverse mutations. As position 197 lies 250 

within both an antigenic site and the receptor-binding domain, its glycosylation status directly 251 

influences antigenicity, making it a critical marker for monitoring viral evolution and vaccine 252 

matching. 253 

All BY viruses from Guizhou (2017-2019) clustered within the Y3 clade and exhibited high amino 254 

acid homology (median 99.65%) with the B/Phuket/3073/2013 vaccine strain. Antigenic analysis 255 
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identified only two substitutions (D163E and T198P) across the epitopes, which is below the 256 

established threshold for antigenic drift (≥4 changes across ≥2 epitopes)[22]. Glycosylation sites 257 

remained largely conserved, with a single strain losing the 196NKT site. These findings collectively 258 

indicate stable antigenicity of BY viruses in Guizhou, suggesting sustained effectiveness of the vaccine. 259 

This study has two limitations:.Firstly, the lack of vaccination information of vaccinators, so it is 260 

unable to comprehensively evaluate the actual protection effect of vaccines. Secondly, although the 261 

antigenic site mutations were found, no antigenicity experiments were conducted to confirm whether 262 

these gene mutations caused antigenicity changes. Future studies should combine serological data and 263 

continuously monitor the virus. 264 

5.Conclusion 265 

In conclusion, our analysis of influenza viruses circulating in Guizhou Province between 2017 and 266 

2023 reveals a high degree of HA genetic similarity (median ≥98%) to the corresponding annual 267 

influenza vaccine strains. This indicates that the seasonal vaccines have remained largely well-matched 268 

to the circulating strains during this period, providing a solid foundation for their clinical utility in 269 

preventing influenza infection in this population. Nevertheless, the detection of key mutations, even 270 

outside traditional antigenic sites, serves as an important reminder of the virus's continuous 271 

evolutionary potential. Given that annual vaccine composition relies on predicting circulating strains, 272 

these findings carry significant implications for clinical practice and public health policy: they 273 

underscore the critical need for ongoing molecular surveillance to monitor for antigenic drift, inform 274 

the timely reformulation of annual vaccines, and support clinicians in reinforcing the importance of 275 

annual vaccination as the most effective preventive measure against a constantly evolving virus. 276 
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