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[ Abstract] Objective To understand the epidemiological trends of SARS-CoV-2 Omicron variants and evolutionary
variations of the spike protein in Quzhou city of Zhejiang province from 2023 to 2024. Methods Respiratory specimens
(including nasopharyngeal swabs and sputum specimens) were collected from COVID-19 cases at sentinel surveillance
sites for SARS-CoV-2 variants and influenza in Quzhou between January 2023 and September 2024. The whole genome
sequences of SARS-CoV-2 from 267 cases were obtained by nanopore sequencing. The genotypes and amino acid
variations were analyzed through Pangolin v4.3 and Nextclade v3.13.1 platforms. Heatmaps of amino acid mutations in
the key domains of the spike protein were generated by TBtools- Il v2.222, while the impact of amino acid mutations on
viral adaptability was assessed by the VarEPS system. Results All the 246 sequences were Omicron variants of SARS-
CoV-2, showing the turnover of BA.5-XBB-BA.2 lineages. These variants were classified into ten sub-lineages, with
JN.1 and its sub-lineages showing the highest prevalence (42.28%, 104/246). This classification was consistent with the
results of the phylogenetic analysis. The distribution of SARS-CoV-2 genotypes across different age groups showed
differences (P < 0.001). Amino acid mutation analysis revealed frequent mutations in the spike protein, with the number
of mutation sites gradually increasing over time and involving substitutions, insertions, and deletions. JN.1, XDV.1, and
their sub-lineages exhibited higher mutation frequency in the spike protein, accumulating novel mutations (K356T,
R403K, N450D, N481K, E544K, A570V, P6218S, etc.) in key domains. Functional assessments indicated that multiple
spike protein mutations (R346T, S371F, S373P, T376A, D405N, R408S, K417N, G446S, F456L, Y505H, etc.) may
reduce the binding stability between the spike protein with neutralizing antibodies. Conclusion The Omicron variants
were the predominant circulating variants in Quzhou during 2023-2024, exhibiting diverse genotypes. Monitoring and
analyzing amino acid mutations in the spike protein facilitate timely understanding of the evolutionary characteristics of
SARS-CoV-2, providing a theoretical basis for risk assessment of COVID-19 variant prevalence and the implementation
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of epidemic prevention and control measures.
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Fig. 1 Time distribution of different genotypes of 246 Omicron variants in Quzhou
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Table 1 Population distribution of Omicron variants infecting 246 patients in Quzhou

BAS2KEH WA XBB.LOKHFAE XBB.LIKHTFAY  INIEKHTSE  XDV.IKHTFSL Fofh 5y 32
FEAE 2E PH
% ME%  Big MR BiE O HIERbe gk MIb%  figt MIRb% Bl Msit/%
5 0.841 0.974
St 9 45.00 25 51.02 10 45.45 45 43.27 11 44.00 12 46.15
Atk 11 55.00 24 48.98 12 54.55 59 56.73 14 56.00 14 5385
IR <0.001°
<20 4 20.00 6 12.24 3 13.63 16 15.38 3 12.00 4 1538
20~ 4 20.00 12 24.49 5 22.73 31 29.81 10 40.00 51923
30~ 2 10.00 9 18.37 2 9.09 15 14.42 2 8.00 5 1923
40~ 1 5.00 4 8.16 1 4.55 4 3.85 2 8.00 3 11.54
50~ 3 15.00 5 10.21 3 13.64 13 12.50 3 12.00 2 7.69
260 6 30.00 13 26.53 8 36.36 25 24.04 5 20.00 7 2693

VE:a A1FEXBB.1.5. XBB.1.18. XBB.1.22. XBB.1.42. XBB.2.3. BA.2.75 ¢ H: W43 3 ; b FinFisherfti .



oRE A S TR 2025 4F 10 A% 41 4555 10 11

Chin J Public Health, Oct 2025 Vol.41 No.10

- 1235 -

23 FZFARXFMLSMN(A2) M GISAID %4 &
T #1625 [F W[5 B /87 768 98 B Omicron 48 55 #k
ZH R, 5 AW 246 5575 5 A L R4

5 M il 2 2% ¥k Wuhan-Hu-1/2019( GenBank:

MN908947) FF M R G K B W . &5 R EIR, 246
X5 FEREN 10 NHALEE, 5 BAS2

R

Hs

W A275 lineage
B BAS2 lineage
] IN.1 lincage

[] XBB.1.16 lineage
[ ] XBB.1.22 lineage
[] XBB.1.5 lineage
[l XBB.1.9 lineage
[ XDV.1 lineage
B other XBB

’/l;’/[//[

IT

nEEEEEN NN R

& 2

H 53 3 XBB.1.5 L H 433 XBB.1.9 J H
933~ XBB.1.16 J2 H 4y 3 XBB.1.22 J H 53
. XBB HAhHEAL 7350 IN K H Wy 3. BA2.75
Je Hl 43 32 F XDV.1 K HAE 4 3¢5 5 Pangolin 43
B GE R AR — 30 M 7 SR — 7%, Hod INLT
Je FL 04y 37 5 B S 25 bk (1) 18 4% PR B A 0zt

E b
X <
<
ps
W o
. ue
it

P e

2023—2024 E5 I T 246 5] Omicron 28 F k& R K H RS K B W

Fig. 2 Phylogenetic tree of 246 Omicron variants in Quzhou, 2023-2024 based on whole genome sequences
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2 MMTTHOEREE S AR AR R (S HE % 5 Wuhan-Hu-1/2019_MN908947)
Table 2 Amino acid mutations in the S protein of SARS-CoV-2 in Quzhou (refer to SARS-CoV-2 Wuhan-Hu-1/2019_MN908947)

B3 NTD RBD RBM CTDI+CTD2 FP HRI HR2 CT
BAS2K  TI9L A27S, G142D, G339D, R346T, S371F, S373P,  N440K, L452R, S477N, D614G, H655Y, D796Y Q954H, —  CI243F
sz V213G S375F, T376A, D405N, R408S, T478K, E484A, F486V, N679K, P681H, N969K
K417N Q498R, N501Y, Y505H

XBB.1.9J&  TI9I, A27S, Q52H, V83A, G339H, R346T, L3681, S371F,  N440K, V445P, G446S, D614G, H655Y, D796Y Q954H, —  DI259Y
HT43%  G142D, H146Q, QIS3E, S373P, S375F, T376A, D40SN,  L45SF, F456L, N460K, S477N,  N679K, P6S1H N969K

V213E, G252V R408S, A411S, K417N T478K, E484A, F486P, F490S,

Q498R, N501Y, Y505H

XBB.1.16/%  T191, A27S, V83A, L84I, G339H, R346T, L3681, S371F,  N440K, V445P, G446S, L455F,  T5471,D614G, D796Y Q954H, —  DI259Y
HW45  G142D, H146Q, E180V, S373P, S375F, T376A, D40SN,  F456L, N460K, S477N, T478R,  H655Y, N679K, N969K

QI83E, V213E, G252V R408S, K417N E484A, F486P, F490S, Q498R,  P68IH

N501Y, Y505H

IN.1R 3 T191, R21T, A27S, S50L, 1332V, G339H, R346T, K356T, N440K, V445H, G446S, N450D, E554K, A570V, D796Y S939F, GI171D GI251E
%53 F59S, VI2TF, G142D, H146Q, ~ S371F, S373P, S375F, T376A,  L452W, L455S, F456L, N460K,  D614G, P621S, Q954H,

F157S, R158G, Q183H, L2121,  R403K, D405N, R408S, K417N  S477N, T478K, N481K, E484K, H655Y, N679K, N969K,

V213G, L216F, H245N, S255F, F486P, Q498R, N501Y, Y505H ~ P68IR 1934V
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Fig. 3 Cluster heatmap for amino acid mutation frequency in the S protein of 246 Omicron variants in Quzhou
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Table 3 Risk assessment of amino acid mutations in the S protein

AR Proveanif /) AR S PUARSEAT Gier ke Pk (ACE2)d FIETR A
S:V213E -1.016 0.000 * X ¥
S:V213G -0.936 0.000 * %k e
S:G339D -0.344 0.001 * X ¥
S:G339H —0.982 * A e
S:V445p -0.148 * X ¥
S:V445H 0.117 * %k e
S:L455F 0.462 0.003 *

S:L4558 0.812 0.000 * %k e
S:T478R -0.716 0.002 * X ¥
S:T478K -0.306 0.485 * %k ¥
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