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Objective: We analyzed the epidemiological trends and spatio-temporal distribution characteristics of varicella incidence in Baise 
City from 2010 to 2024 to provide a basis for its prevention and control.
Methods: This study describes the epidemiological characteristics of varicella from population, temporal and spatial perspectives by 
using data from the National Infectious Disease Reporting System. Trend and spatial autocorrelation analyses and spatiotemporal 
scanning statistics were employed to determine the spatial clustering and spatiotemporal dynamics for the incidence of varicella.
Results: About 54,969 cases of varicella were reported during the study period, with an annual incidence rate of 102.30 per 100,000, 
and an annual percentage change of 10.05% (95% CI: 1.10% to 19.79%; P = 0.027). The male-to-female ratio was 1.23:1, with the 
peak incidence occurring among in the 5–9 age group and the 10–19 age group showed an upward trend in incidence. People under 20 
years old had the highest incidence rates of varicella and students accounted for more than half of the cases (55.46%), and 45.19% of 
townships had an average annual incidence rate exceeding the city’s average level. There was a Positive spatial autocorrelation was 
observed in the varicella incidence across different townships, with a pattern of high-value clustering. Local spatial autocorrelation 
analysis identified a total of 117 hot spots. Spatiotemporal scanning identified five significant clusters, these included a Most likely 
cluster of 27 towns in the Youjiang River Valley and secondary clusters in the northwestern mountainous regions of Baise.
Conclusion: The reported incidence rate of varicella in Baise was on the rise, exhibiting distinct spatio-temporal clustering 
characteristics. Hotspots were aligned with the spatio-temporal clustering zones. Strengthening prevention and control measures in 
local areas where clusters and hotspots of varicella occur can be an effective strategy to decrease its incidence in a city.
Keywords: varicella, epidemiological characteristics, epidemic trends, spatial autocorrelation, spatiotemporal clustering

Introduction
Varicella (chickenpox) is an acute infectious disease caused by the varicella-zoster virus (VZV) and it is primarily 
transmitted through respiratory droplets and direct contact.1 The disease is widespread globally, with developing 
countries that tend to have low vaccination coverage, bearing a heavier disease burden.2,3 According to data from the 
World Health Organization (WHO), there are approximately 140 million cases of varicella worldwide each year, with 
approximately 4.2 million patients developing severe complications.4 Due to its tendency to break out in collective 
settings such as childcare facilities and schools,5 it has become an important public health issue threatening the health of 
children and adolescents.6 In China, although varicella has not been included in the list of legally notifiable infectious 
diseases, it has been incorporated into the infectious disease surveillance system for routine monitoring since 2005,7 and 
some provinces have classified it as a Category C infectious disease for enhanced surveillance.8 Due to multiple factors 
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such as regional economic development levels, vaccination strategies and population immunity status, the incidence of 
varicella in China exhibits significant spatial and temporal heterogeneity, with notable differences in prevention and 
control effectiveness across different regions.9 In Baise, Guangxi, the varicella vaccine is currently not included in the 
National Immunization Program and remains voluntary and self-paid. While the out-of-pocket costs pose a significant 
barrier for many families—particularly those in socio-economically disadvantaged groups or remote border regions. This 
voluntary status often results in lower vaccination coverage compared to routine mandatory vaccines. Current research on 
varicella in China primarily focuses on national-level and the eastern developed regions, with limited systematic studies 
on the long-term spatial and temporal evolution patterns in the border areas of Guangxi, which is inhabited by ethnic 
minorities. Given the high reported incidence rate, rapid growth and frequent outbreaks of varicella in Guangxi,10,11 

Baise—the region’s largest city situated along the Sino-Vietnamese border—presents a critical yet challenging focal 
point for public health intervention. As a strategic multi-ethnic hub for the Zhuang, Yao, Miao, Yi, Gelao, and Hui 
peoples, Baise possesses a complex socio-ecological landscape. The interplay of unique cultural customs, diverse 
geographical environments, and language barriers has posed significant hurdles to the prevention and control of 
infectious diseases. In recent years, spatio-temporal epidemiological methods have demonstrated significant value in 
identifying infectious disease hotspots and analyzing transmission mechanisms.12 Given that varicella transmission 
exhibits typical spatio-temporal clustering characteristics and its epidemic process is closely associated with factors 
such as population density, climatic conditions and vaccination coverage.13 This study employed spatio-temporal 
epidemiological methods to conduct a systematic analysis based on varicella surveillance data from Baise between 
2010 and 2024, aiming to provide scientific evidence for optimizing regional prevention and control strategies.

Material and Methods
Data Sources
Data on varicella cases reported in Baise from 2010 to 2024 were obtained from the China Information System for 
Disease Control and Prevention (CISDCP). The main variables included gender, age, occupation, date of onset and place 
of residence. The inclusion criteria for this study were: onset date between January 1, 2010, and December 31, 2024; 
infectious disease report card review status as “final review completed”; disease name as “varicella” but excluding 
“shingles”; and exclusion of invalid cards and suspected case reports, resulting in a total of 54,969 cases retained, 
including those clinically diagnosed and laboratory-confirmed ones. The vaccination histories of the study participants 
were retrieved by cross-referencing their names and national identification (ID) numbers with the Guangxi Immunization 
Program Information Management System to obtain the number of doses and the specific dates of vaccination. 
Population data were gathered from the Basic Information System of CISDCP and the Baise Statistical Yearbook.

Research Methods
Descriptive Analysis
Descriptive epidemiological methods were employed to analyze the distribution of varicella cases reported in Baise from 
2010 to 2024, focusing on factors such as age, gender, occupation and region. The annual and monthly incidence rates 
were calculated and epidemic curves were plotted to reveal the epidemiological characteristics of the disease. We created 
visual maps to describe the distribution of varicella cases in Baise by linking the incidence rates of varicella in each 
county (city, district) with geographic information based on administrative division codes. A case information database 
was established in Excel 2016, and the count data were analyzed using IBM SPSS 24.0 for chi-square tests, with P < 0.05 
indicating a significant difference.

Trend Analysis
Trend analysis was performed using Joinpoint Regression Program (Version 5.2.0).14 Annual incidence rates were 
calculated based on the data collected from January 1st to December 31st of each calendar year to ensure the 
standardization of annual statistical periods. This study selected a log-linear model with the Annual Percentage 
Change (APC), Average Annual Percentage Change (AAPC), and their corresponding 95% confidence intervals (CI) 
were calculated to evaluate temporal trends in incidence. APC was used to assess the trend within a “specific time 
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segment”—an independent observation interval identified by the joinpoints, during which the trend remains relatively 
consistent. The APC is calculated based on the slope (β) of the log-linear regression model using the formula: 
APC ¼ eβ1 � 1

� �
� 100%. AAPC provides a summary measure of the overall average change over the entire study 

period, encompassing multiple segments. It is calculated as a weighted average of the APCs, where the weights (wi) 

correspond to the length of each time segment: AAPC ¼ exp ∑ wiβi
∑ wi

� �
� 1

h i
� 100%. The “joinpoints” (inflection points) 

represent the specific years when the trend of varicella incidence significantly changes its slope, as determined by the 
Monte Carlo permutation test. When the number of joinpoints is 0, APC = AAPC, indicating a monotonic increase (APC 
> 0) or decrease (APC < 0) in incidence throughout the study period. If joinpoints are present, the APC for each specific 
segment is described separately.

Spatial Autocorrelation Analysis
Spatial autocorrelation statistics are used to measure the degree of interdependence between the data obtained at 
a location and the data from neighboring units. They were divided into global spatial and local spatial autocorrelation. 
Utilizing ArcGIS 10.6, this study conducts the analysis at the township/sub-district level from both global and local 
dimensions. Global spatial autocorrelation aims to determine the existence of spatial clustering within the study area, 
identifying the overall distribution characteristics from a macro perspective. First, the Global Moran’s index [−1, 1] is 
used to measure the average degree of clustering, and its standardized statistic Z(I) is introduced for significance testing. 
Z(I) > 1.96 (corresponding to P < 0.05) indicates that the spatial distribution exhibits significant positive correlation 
clustering. Building on this, the Getis-Ord General G and its standardized statistic Z(G) are further applied to distinguish 
specific clustering patterns: a Z(G) > 1.96 denotes high-value clustering, while a Z(G) < −1.96 denotes low-value 
clustering. Local spatial autocorrelation is then used for the precise localization of clusters, compensating for the 
limitations of global analysis in masking local details. By calculating the local G index (Getis-Ord G�i ) and its 
corresponding standardized statistic Z(G�i ), hot and cold spot areas are identified. A Z(G�i ) > 1.96 with P < 0.05 identifies 
the area as a hot spot (clustering of high values), whereas Z(G�i ) < −1.96 with P < 0.05 identifies it as a cold spot 
(clustering of low values).15

Spatiotemporal Scan Analysis
SaTScan 10.2 software was used to perform spatiotemporal scan analysis by a particular township/street on an annual 
basis to detect possible spatial clusters of varicella incidence. The Log-Likelihood Ratio (LLR) was employed as the test 
statistic to evaluate the clustering intensity, calculated by comparing the observed and expected cases inside versus 
outside the scanning window; a higher LLR indicates a greater probability of clustering. Additionally, Relative Risk (RR) 
was used to measure the risk within the cluster relative to the risk outside the window. The identified clusters were 
categorized based on their LLR values: Most likely Cluster (Type I Cluster) represents the region with the highest LLR 
value, indicating the most probable cluster; Secondary Clusters (Type II Clusters) refer to other significant clusters (P < 
0.05) with lower LLR values. The maximum spatial scanning size was set to 30% of the population at risk, and the 
maximum temporal scanning window was set to 50% of the study period.16,17 Statistical significance was tested using the 
Monte Carlo method, with P < 0.05 indicating a significant difference.

Results
Overall Overview
A total of 54,969 cases of varicella were reported in Baise from 2010 to 2024 with an average annual incidence rate of 
102.30 per 100,000. The incidence rate rose from 25.13 per 100,000 (936 cases) in 2010 to 151.99 per 100,000 (5577 
cases) in 2019 when it reached its peak. From 2020 to 2023, the incidence rate fluctuated downward, but increased again 
in 2024 (151.75 per 100,000, 5325 cases), second only to 2019. There were statistically significant differences in 
incidence rates between different years (χ2 = 6, 601.206, P < 0.001) (Figure 1).
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Epidemiological Characteristics
Seasonal Distribution
The varicella epidemics exhibited “double peak distributions” with distinct seasonal characteristics with peaks occurring 
annually in December and June, while the troughs of the epidemic are observed in March and September (Figure 2).

Population Characteristics
During the study period, a total of 30,330 male cases were reported (accounting for 55.12%, with an annual incidence 
rate of 109.66 per 100,000) and 24,669 female cases (accounting for 44.88%, with an annual incidence rate of 94.53 per 
100,000). The male-to-female ratio was 1.23:1, with statistically significant differences in gender distribution (χ2 = 
53.146, P < 0.001). The majority of reported cases were in the under 20 years old age group, accounting for 88.37% 
(48,575/54,969), with the 5–9 years old age group having the highest proportion at 37.30% (20,503/54,969), followed by 
the 0–4 years old age group (19.22%, 10,565/54,969), and the 10–14 years old age group (23.36%, 12,842/54,969). The 
incidence rates showed an increasing trend in the 10–14 years old and 15–19 years old age groups, with significant 
differences in the composition between different age groups (χ2 = 2992.303, P < 0.001). In terms of occupational 
distribution, the majority were students, kindergarten children and scattered children, accounting for 87.94% (48,337/ 
54,969), followed by farmers (8.17%), with other occupations accounting for less than 1.00%. There were significant 
differences in the composition of different occupations (χ2 = 2051.336, P < 0.001) (Table 1).

Regional Distribution
Varicella cases were reported in all counties (cities and districts), with incidence rates showing a overall upward trend 
exhibited significant geographical heterogeneity. As illustrated in Figure 3, the rise in varicella incidence was primarily 
characterized by the geographical expansion and intensified intensity of high-incidence clusters. The top five counties 

Figure 1 Temporal trends in the number of cases and incidence of varicella in Baise from 2010 to 2024.
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with the highest average annual reported incidence rates (per 100,000) were Lingyun (148.75), Tianlin (132.17), Napo 
(129.59), Pingguo (121.93), and Xilin (117.80). Furthermore, 45.19% (61/135) of the townships/sub-districts reported 
incidence rates exceeding the city-wide average.

Figure 2 Temporal trends of varicella incidence in Baise from 2010 to 2024. (A) Monthly number of cases and incidence over the 15-year period. (B) Aggregated monthly 
distribution of the total cases and average incidence across all years.

Table 1 Sociodemographic Characteristics and Distribution of Varicella Cases in Baise, China, 2010–2024 (N = 54,969)

Variable 2010–2012 (%) 2013–2015 (%) 2016–2018 (%) 2019–2021 (%) 2022–2024 (%) Total

Sex
Males 2935 (58.72) 5855 (55.69) 7189 (55.37) 7654 (53.79) 6667 (54.45) 30,300 (55.12)

Females 2063 (41.28) 4659 (44.31) 5795 (44.63) 6575 (46.21) 5577 (45.55) 24,669 (44.88)

Age group (years old)
0–4 1299 (25.99) 2302 (21.89) 2700 (20.79) 2604 (18.30) 1660 (13.56) 10,565 (19.22)

5–9 2148 (42.98) 4027 (38.30) 4700 (36.20) 4739 (33.31) 4889 (39.93) 20,503 (37.30)

10–14 925 (18.51) 2561 (24.36) 3174 (24.45) 3528 (24.79) 2654 (21.68) 12,842 (23.36)
15–19 297 (5.94) 710 (6.75) 897 (6.91) 1393 (9.79) 1368 (11.17) 4665 (8.49)

20–29 257 (5.14) 648 (6.16) 885 (6.82) 952 (6.69) 700 (5.72) 3442 (6.26)

30–39 61 (1.22) 237 (2.25) 562 (4.33) 869 (6.11) 782 (6.39) 2511 (4.57)
40–49 6 (0.12) 22 (0.21) 40 (0.31) 101 (0.71) 143 (1.17) 312 (0.57)

≥50 5 (0.10) 7 (0.07) 26 (0.20) 43 (0.30) 48 (0.39) 129 (0.23)

Occupation
Studentsa 2386 (47.74) 5739 (54.58) 7005 (53.95) 7863 (55.26) 7493 (61.20) 30,486 (55.46)

Kindergarten childrenb 1232 (24.65) 2040 (19.40) 2545 (19.60) 2838 (19.95) 2187 (17.86) 10,842 (19.72)

Scattered children 1000 (20.01) 1728 (16.44) 1853 (14.27) 1547 (10.87) 881 (7.20) 7009 (12.75)
Farmer 298 (5.96) 793 (7.54) 1129 (8.70) 1271 (8.93) 1000 (8.17) 4491 (8.17)

Others 82 (1.64) 214 (2.04) 452 (3.48) 710 (4.99) 683 (5.58) 2141 (3.89)

Notes: aStudents are defined as individuals currently enrolled in formal education and attending school, encompassing primary school students (Grades 1–6), junior 
and senior high school students, and those in vocational schools and universities. bKindergarten children refers to children studying or living in various childcare 
facilities and kindergartens.
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Trend Analysis
The results of the joinpoint regression analysis indicated that the reported incidence rate of varicella in Baise was on an 
overall upward trend, increasing at an annual rate of 10.05% (AAPC = 10.05%, 95% CI: 1.10%–19.79%, P = 0.027). 
During the study period, a turning point occurred in 2014. From 2010 to 2014, the reported incidence rate showed a rapid 
increase, with an APC of 34.83% (95% CI: −1.40% to 84.39%, P = 0.059). From 2014 to 2024, the incidence rate 
stabilized, with an APC of 1.46% (95% CI: −3.53 to 6.71%, P = 0.535) (Figure 4).

Spatial Autocorrelation Analysis
A global spatial correlation analysis was conducted using data from the townships/subdistricts as the smallest units. 
The Moran’s I values for each year from 2010 to 2024 ranged from 0.104 to 0.488, and all were positive and 
statistically significant, indicating that there was a positive spatial correlation in the distribution of varicella across 
all regions of Baise. With the exception of 2013, when the distribution was spatially random (Z(G) < 1.96, P > 

Figure 3 Spatiotemporal distribution of varicella incidence rates at the county level in Baise, 2010–2024.
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0.05), all other years exhibited a high-value clustering patterns (Table 2). Local spatial autocorrelation analysis 
results showed that from 2010 to 2013, the hotspots were primarily concentrated in the central urban area. After 
2014, they gradually expanded to the right bank of the Li River valley, including Pingguo City, Tiandong County 

Figure 4 Joinpoint regression analysis of varicella incidence trends in Baise, 2010–2024.

Table 2 Annual Global Spatial Autocorrelation Analysis of Varicella 
Incidence in Baise, China, 2010–2024

Year Global Moran’s Index Getis-Ord General G

Moran’s index Z-Score P G Z (G) P

2010 0.129 2.628 0.009 0.010 2.729 0.006

2011 0.157 3.184 0.001 0.010 3.130 0.002

2012 0.142 2.786 0.005 0.009 2.575 0.010
2013 0.104 2.181 0.029 0.009 1.843 0.065

2014 0.201 4.664 0.000 0.011 4.663 0.000

2015 0.202 3.895 0.000 0.009 3.185 0.001
2016 0.204 3.917 0.000 0.008 3.379 0.000

2017 0.158 3.035 0.002 0.008 3.368 0.000

2018 0.247 4.804 0.000 0.009 3.401 0.000
2019 0.229 4.709 0.000 0.009 4.734 0.000

2020 0.326 6.114 0.000 0.009 5.946 0.000

2021 0.340 6.363 0.000 0.009 5.791 0.000
2022 0.488 9.159 0.000 0.010 7.994 0.000

2023 0.262 4.932 0.000 0.008 4.246 0.000

2024 0.232 4.644 0.000 0.009 4.484 0.000
2010–2024 0.377 6.967 0.000 0.008 5.395 0.000
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and Tiangyang District, as well as the northwestern mountainous region, including Longlin County, Tianlin County 
and Lingyun County. Cold spots were mainly distributed in the southern border areas, including Jingxi City and 
Debao County (Figure 5).

Spatial-Temporal Scan Analysis
A spatial-temporal scan was conducted annually from 2010 to 2024 for the reported incidence rates of varicella in all 
townships/subdistricts of Baise, and this revealed significant spatial and temporal clustering. A total of five statistically 
significant clustering areas were identified, including one Type I and four Type II clustering areas (Table 3). The most 
likely cluster area (i.e., the area most likely to experience clustering) encompassed 27 townships (subdistricts) on the 
right bank of the Jiang River valley, including Pingguo City, Tiandong County and Tianyang District, with clustering 
occurring from 2018 to 2024 and reported incidence rates ranging from 40.97 to 207.64 per 100,000. The secondary 
cluster areas were primarily distributed in the northwestern mountainous regions, including Longlin, Tianlin and Lingyun 
Counties (Figure 6).

Figure 5 Spatial hotspots of varicella incidence at the township level in Baise, 2010–2024.
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Overview of Varicella Vaccination Status
Among the 54,969 reported varicella cases, 40,653 were confirmed to have registered records in the Guangxi 
Immunization Program Information Management System, while the vaccination history for the remaining 14,316 cases 
was unknown. Documented varicella vaccination records were identified for 6257 cases. Specifically, 13.80% (5609/ 
40,653) of the registered cases had received only a single dose of the vaccine, and 1.59% (648/40,653) had completed 
a two-dose regimen. Additionally, 591 cases experienced disease onset prior to vaccination, and 5666 cases occurred 
after vaccination.

Table 3 Spatio-Temporal Scan Clustering Analysis of Varicella Cases in Baise, 
2010–2024

Cluster Type Cluster Time Cluster Areas LLRc RRd P

Most likely clustera 2018-2024 27 1311.45 1.76 <0.001

Secondary clusterb 1 2017-2022 48 1189.13 1.77 <0.001

Secondary cluster 2 2018-2024 3 36.84 1.90 <0.001
Secondary cluster 3 2015-2021 5 30.72 2.19 <0.001

Secondary cluster 4 2012-2014 1 13.43 1.98 0.008

Notes: aMost likely cluster (Type I cluster) is the region with the highest LLR value, indicating the most 
probable cluster; bSecondary Clusters (Type II cluster) refer to other significant clusters (P < 0.05) with 
lower LLR values. cLLR (Log-Likelihood Ratio) is the test statistic used to evaluate clustering intensity, 
with higher values indicating a greater probability of clustering; dRR (Relative Risk) represents the risk 
within the cluster relative to the risk outside;

Figure 6 Spatiotemporal clusters of varicella incidence at the township level in Baise, 2010–2024.
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Discussion
In this study, we conducted a systematic analysis of the epidemiological characteristics of varicella outbreaks in Baise 
from 2010 to 2024 and, for the first time, systematically analyzed the spatiotemporal distribution patterns of varicella 
outbreaks at the township/subdistrict level. The results showed that the annual average reported incidence rate of 
varicella in Baise from 2010 to 2024 was 102.30 per 100,000, which is significantly higher than the national average 
and the incidence levels of neighboring cities.7,18,19 This suggests that the regional specificity of a border mountainous 
area, lagging economic development, subtropical monsoon climate conditions and insufficient medical resources have 
synergistically influenced disease transmission.

The varicella incidence trends in this city from 2010 to 2024 exhibited distinct staged characteristics. Trend analysis 
showed that the annual incidence of varicella in Baise increased by an average of 10.05% during the study period, with 
an annual growth rate as high as 34.83% from 2010 to 2014. This rapid surge may be directly linked to low vaccination 
coverage in Guangxi that requires residents to pay for varicella vaccines out-of-pocket. Insufficient vaccine coverage 
combined with limited immune durability weakened long-term protection, making it difficult to establish a robust herd 
immunity barrier and leading to a sharp rise in the epidemic.20 This finding is consistent with research conclusions from 
other regions in Guangxi.21,22 The growth rate of the varicella epidemic slowed after 2014, which may be related to the 
gradual increase in residents’ willingness to vaccinate and the rise in breakthrough infection cases leading to significantly 
reduced infectivity; these factors may have, to some extent, moderated the growth speed of the epidemic, though further 
validation is required.23 Furthermore, this study found a high proportion of breakthrough cases among individuals with 
a history of vaccination. This suggests that the immune barrier established by a single-dose vaccination regimen is not 
robust and provides preliminary evidence of the natural waning of varicella-zoster virus (VZV) antibody titers over time. 
From 2020 to 2023, influenced by COVID-19 prevention and control measures (eg, restricted gatherings and online 
teaching), the incidence rate experienced a temporary decline. This trend aligns with findings from Yunnan and 
Shaanxi,24,25 confirming that social distancing measures significantly inhibit varicella transmission.26,27 However, the 
incidence rate in 2024 rebounded to pre-pandemic levels, reflecting the combined impact of increased social contact 
following the relaxation of control measures and the accumulation of susceptible populations during the preceding 
years.28 This suggests that in the post-pandemic era, vigilance against the risk of varicella resurgence is essential, and 
prevention and control measures must be strengthened to address the potential increase in public health workload.

The study found a distinct “bimodal distribution” pattern. This seasonal variation in incidence is closely related to 
meteorological factors and also highly coincides with the school semester cycle when people gather for activities,29,30 

which is consistent with research findings in Thailand and South Korea.31,32 The central peak of varicella incidence may 
also be related to the low temperature and dry climate in winter, which is conducive to virus survival, and the high 
concentration of students in schools, leading to increased risk of contact transmission. The secondary peak may be related 
to factors such as student gatherings after the start of the spring semester. This suggests that crowded areas, especially 
schools, are important venues for varicella transmission, requiring enhanced surveillance, while also paying attention to 
local climate changes and to constantly remind residents to take preventive measures against varicella virus transmission. 
From the perspective of population distribution of varicella cases, similar to previous studies, the infected population in 
this study was mainly composed of students, kindergarten children, which also confirms the conclusion that schools are 
core venues for outbreaks.33–35 It is noteworthy that the farmer cannot be overlooked. This may stem from the generally 
low varicella vaccination rates in rural areas. Furthermore, as the primary caregivers for their infected children or 
grandchildren, they are highly susceptible to intra-family cross-infection through daily contact. Additionally, the 
relatively weak healthcare infrastructure in rural regions has further facilitated the regional transmission of the virus. 
At the same time, the study also found that the incidence rate in males was higher than in females, which may be related 
to more frequent group activities and more contact opportunities among male children and students. As a vaccine- 
preventable infectious disease, after some provinces implemented free varicella vaccination policies, the incidence rates 
among children in childcare institutions and scattered living children showed a significant downward trend, providing 
direct evidence for the protective efficacy of its vaccine.36,37 However, in contrast, the incidence rate among students 
showed an upward trend year by year, especially the continuous increase in the proportion of the 10–19 years old group, 
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indicating an evident phenomenon of “age shift” in incidence.25,38 This further corroborates the waning immune 
durability of the varicella vaccine; as time progresses, the protective efficacy of the single dose administered during 
early childhood declines, creating an immunity gap. This phenomenon of immune decay and the subsequent break
through infections underscore the necessity of implementing a second booster dose to consolidate the herd immunity 
barrier. Although the incidence rate among people over 20 years old remained low, vigilance is needed regarding the risk 
of herpes zoster that this group may face due to age-related immune function decline. This requires the establishment of 
a hierarchical management system for prevention and control strategies, focusing on strengthening active surveillance in 
crowded places such as schools, while establishing a mechanism for adolescent vaccine catch-up vaccination, and 
building a long-term serological surveillance and vaccine immune effect evaluation system.

In terms of the regional distribution of varicella incidence, there are significant differences in incidence rates among 
the counties and districts in Baise. The average annual incidence rates are highest in Lingyun County, Tianlin County, 
and other areas, which may be related to factors such as population density, vaccination rates and uneven distribution of 
medical resources in these regions. Nearly 50% of townships/sub-districts have incidence rates higher than the city 
average, indicating the presence of transmission hotspots in local areas. Similar studies have pointed out that economic
ally underdeveloped regions and areas with low population density are more likely to experience clustered outbreaks.39

Spatial autocorrelation analysis showed that the incidence of varicella in Baise presented significant spatial clustering. 
Hotspot areas gradually expanded from the central urban area to the northwestern mountainous areas and the Youjiang 
River Valley belt over time, which was consistent with the results of the spatiotemporal cluster scanning analysis. 
Notably, the Youjiang River Valley belt, as a persistent high-risk cluster area, correlates with high population mobility, 
convenient transportation, and high economic activity.34 In contrast, the northwestern mountainous areas, due to weak 
disease prevention awareness among multi-ethnic communities and low economic income, have hindered the distribution 
of voluntary self-funded vaccines, suggesting that differentiated prevention and control strategies need to be formulated 
for different geographical units. The study also found that the disease burden in cold-spot areas may be underestimated. 
Against the background of generally high reporting rates of varicella in China, the actual incidence in these areas may far 
exceed existing analysis results. This spatial heterogeneity suggests that a dynamic monitoring mechanism needs to be 
established, focusing on the spatiotemporal evolution trends of cluster areas. Also, the differentiated strategies should be 
formulated based on the socioeconomic characteristics of different geographical units (such as focusing on improving 
medical accessibility in northwestern mountainous areas and strengthening prevention and control in densely populated 
places in the southeast). In addition, with respect to potential regional differences in reporting quality, more in-depth 
epidemiological investigations will need to be conducted to reveal the true driving factors of incidence differences 
between hot- and cold-spot areas.

This study had some limitations. Firstly, due to differences in monitoring sensitivity, underreporting and diagnostic 
bias, the actual incidence levels of varicella may have been underestimated. Secondly, vaccination records for many cases 
were either inconsistent or incomplete over the study period. Consequently, we were unable to perform an individual- 
level analysis of vaccination status for each reported case, this precluded a granular investigation into the association 
between vaccination status and infection at the individual level. Finally, the incidence of varicella was influenced by 
multiple factors. Future studies should integrate active surveillance, serological surveys and multi-source data fusion to 
further elucidate the impact of socioeconomic, climatic and behavioral factors on disease transmission.

Conclusion
The incidence rate of varicella in Baise has shown a steady upward trend since 2010, with significant seasonal variations. 
Children and students under the age of 20 years old are the primary inhabitants affected, and the disease exhibits 
pronounced spatial clustering, primarily concentrated in the Youjiang River Valley and the northwestern mountainous 
regions. This study revealed the unique characteristics of varicella epidemics in the western border regions and ethnic 
minority-populated areas of Guangxi. It is necessary to develop tailored prevention and control measures based on local 
conditions in order to better control the epidemic and reduce the disease burden.
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