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Abstract . Objective To carry out long — term monitoring of SARS — CoV -2 variants in municipal wastewater in Shijiazhuang,
to reveal the succession patterns of major epidemic variants and their correlation with population monitoring data, so as to
provide scientific basis for the construction of modern infectious disease surveillance and early warning system with multiple
trends and high sensitivity. Methods  From January 2023 to June 2025 (a period spanning 30 months) , monthly wastewater
samples were collected from the Qiaodong Wastewater Treatment Plant in Shijiazhuang. Viral particles were enriched using
membrane filtration method, followed by SARS — CoV - 2 nucleic acids detection through real — time reverse transcription
polymerase chain reaction (RT — qPCR). Next — generation sequencing (NGS) was employed to conduct viral whole — genome
sequencing and identify major variant lineages. The results were then compared with local population infection surveillance data
from the same period for correlation analysis. Results RT — qPCR detection results showed that all wastewater samples were
positive, and the major prevalent SARS — CoV -2 variants successively evolved of BA.5, XBB, JN. 1, XDV lineage, which
was basically consistent with the evolution trend of clinical monitoring data. Spearman correlation analysis showed significant
positive correlations between wastewater samples and clinical infection samples for each variant’ s monthly proportions ( BA. 5
lineage: p =1.000, P <0.001; XBB lineage: p =0.905, P <0.001; JN. 1 lineage: p =0. 817, P <0.001; XDV lineage: p

=0.676, P <0.01). Kendall correlation analysis further confirmed a significant relationship between the variant composition
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in wastewater and clinical infection samples (7 =0.652, P <0.001). Conclusion

The monitoring of SARS - CoV -2

variants in urban wastewater in Shijiazhuang can reflect the dynamic evolution of variants in the community population in real

time, and can be used as an important information source for the future infectious disease surveillance and early warning

system.
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Table 1 Distribution of variant lineage from January 2023 to June 2025
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Fig. 3 Phylogenetic succession of wastewater surveillance variants and clinical infection variants from January 2023 to June 2025
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