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Abstract
Background  Echinococcosis is a zoonotic parasitic disease caused by tapeworms of the genus Echinococcus that 
endangers public health and hinders socioeconomic development. Ningxia Hui Autonomous Region(Ningxia) is one 
of the primary locations where this disease is endemic. This study analyzed the prevalence and spatial distribution 
characteristics of human echinococcosis in Ningxia from 2011 to 2023, providing a reference for identifying key areas 
of human echinococcosis and developing targeted prevention and control strategies.

Methods  Data on human echinococcosis in Ningxia from 2011 to 2023 were collected from “China Information 
System for Disease Control and Prevention”. The population data were obtained from the official website of the 
Ningxia Statistical Bureau. Joinpoint regression analysis was used to characterize the incidence trend of human 
echinococcosis in Ningxia. County-level electronic maps of Ningxia were downloaded from the National Geographic 
Information Public Service Platform. The epidemiological characteristics of human echinococcosis were analyzed, 
and spatial autocorrelation analysis was performed using ArcGIS 10.4 software. Additionally, spatiotemporal scanning 
analysis was conducted using SaTScan V9.5 software.

Results  A total of 3,316 cases of human echinococcosis were reported from 2011 to 2023.The annual average 
incidence of the disease was 3.88 per 100,000 persons, with the highest rate of 6.38/100,000 in 2012 and the lowest 
rate of 1.33/100,000 in 2023. The incidence rate of human echinococcosis showed a declining trend, with average 
annual percent change (AAPC) of -11.27% (95% CI: -15.50% to -6.83%; t = -4.80, P < 0.001). Of the total cases, 1,566 
were male and 1,750 were female. The male-to-female ratio is 0.89:1, with the incidence rate lower in males (3.48 
per 100,000) than in females (4.06 per 100,000). The incidence rate was highest in the 70-year age group (17.00 per 
100,000), followed by the 60-year age group (10.84 per 100,000), while the lowest incidence was observed in the 
0-year age group (0.09 per 100,000). These data demonstrate a clear age-dependent increasing trend in human 
echinococcosis incidence rate(χ2 = 4172.53; P < 0.001). The global spatial autocorrelation analysis results revealed that 
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Background
Echinococcosis is a zoonotic parasitic disease caused 
by tapeworms of the genus Echinococcus [1, 2]. China is 
one of the countries with the heaviest burden of echino-
coccosis globally, with the disease prevalent in the west-
ern and northwestern pastoral regions of the country 
[3]. Ningxia is one of the main provinces where the dis-
ease is endemic [1]. Both cystic echinococcosis (CE) and 
alveolar echinococcosis (AE) are major public health 
issues worldwide [4, 5]. Echinococcosis can damage 
several important organs of the human body, including 
the liver, lungs and bones [6]. If the cyst ruptures, it can 
cause anaphylactic shock, which can be life-threatening 
in severe cases. The epidemiology of echinococcosis 
is complex and involves various host species. Among 
them, CE not only poses a threat to humans but also 
seriously endangers the health of livestock in endemic 
areas, affecting the development of animal husbandry. 
The mortality rate of AE is very high; if left untreated, 
the 10-year case fatality rate can reach up to 94% [7, 8]. 
Therefore, it is referred to as “worm cancer”. Human 
infection can lead to poor prognosis and progression to 
chronic illness [9].

From 2012 to 2016, the Chinese Center for Disease 
Control and Prevention(CDC) conducted a national 
echinococcosis survey across nine provinces, including 
Inner Mongolia, Sichuan, Xizang, Ningxia and so on. 
The results showed an overall detection rate of 0.51%, 
with a positive rate of 4.25% for echinococcus tapeworm 
antigens in dog feces. In Ningxia, the detection rate was 
0.20%, translating to an estimated 11,331 cases [10]. 
Studies have predicted that by 2030, the global number of 
new cases could reach 235,628 [11]. This poses a severe 
threat to the health of humans [12] and animals, causing 
significant economic losses and leading to serious public 
health issues [13]. In 2020, the prevalence rate of human 
echinococcosis in endemic areas of Ningxia was 0.39%, 
and the positive rate of echinococcus granulosus antigen 

in dog feces was 0.89% [14]. The average cost per surgical 
patient was 23,438.7 yuan [15].

With the implementation of the central government’s 
transfer payment project for echinococcosis control, the 
incidence of echinococcosis in Ningxia has declined. 
However, there is still a lack of understanding regarding 
its incidence trends, spatial characteristics, and particu-
larly, temporal-spatial cluster analysis. This study aims 
to fill this gap and delve deeper into high-risk areas of 
human echinococcosis, providing data support and ref-
erences for precise prevention and control efforts in the 
future, ensuring the achievement of the 2030 echinococ-
cosis control targets. Additionally, it will help promote 
the rational allocation of health resources to effectively 
address the challenges posed by echinococcosis.

Method
Study area
Ningxia is one of the five autonomous regions in China. 
It is located in the upstream area of the Yellow River in 
the west of China, bordering Shaanxi Province to the 
east, Inner Mongolia Autonomous Region to the west 
and north, and Gansu Province to the south. With an 
area of over 660,000 square kilometers, Ningxia governs 
5 cities, 22 counties (including cities, districts), 193 town-
ships, and 2,217 villages. In 2023, its population exceeded 
7.28  million. The region has a temperate continental 
semi-arid climate. The average monthly temperature 
is 9.78  °C, the average monthly precipitation is 241.81 
millimeters, the average monthly sunshine duration is 
2,541.36 h, and the afforestation area is 109,300 hectares.

Data collection
Data source and management​​
The data of human echinococcosis cases in Ningxia from 
2011 to 2023 were obtained from the China Informa-
tion System for Disease Control and Prevention(System). 
The system was established in 2004, collecting all the 

human echinococcosis incidence rate exhibited spatial clustering between 2015 and 2019 and 2021–2023. Local 
spatial autocorrelation analyses revealed that the “high-high” clustered area was mainly located in southern Ningxia, 
specifically in Yuanzhou District, Haiyuan County, Hongsibao District and Pengyang County. Additionally, spatial 
scanning analysis identified four spatial clusters, including one most likely cluster(LLR = 335.53, RR = 4.13, P<0.01)and 
three secondary likely clusters.

Conclusion  This study is based on Ningxia’s echinococcosis surveillance data from 2011 to 2023. It was confirmed 
through spatial epidemiological analysis that the national central transfer payment prevention and control project can 
effectively reduce the rate of echinococcosis infection in the population. The spatial clustering characteristics found 
in the study (high-high clustering areas are concentrated in the southern mountainous areas, and low-low clustering 
areas are located in the northern and central areas) provide a scientific basis for differentiated prevention and control 
strategies. It is recommended to use “patient tracking + key population monitoring” instead of whole-region screening, 
focusing health resources on key areas and key populations, and maximizing prevention and control efficiency.

Keywords  Echinococcosis, Epidemiological characteristics, Spatial autocorrelation, Spatial scan clustering, Ningxia
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reported cases from the System. Reported cases are clas-
sified according to the Diagnostic Criteria for echinococ-
cosis in China (WS 257–2006), encompassing confirmed 
cases (requiring corroboration through both clinical 
symptoms and pathogen-specific laboratory tests) and 
clinically diagnosed cases (defined by epidemiological 
history and clinical manifestations).

Quality control protocol
Healthcare institutions report diagnosed cases through 
the System. The municipal CDC conducts preliminary 
data quality checks, including evaluating completeness 
(e.g., missing entries), logical consistency, and dupli-
cate detection. Suspicious records trigger verification 
workflows: original reporting units are notified for re-
examination, with verified data electronically finalized. 
Subsequently, municipal-provincial- national CDCs 
implement a four-tier quality control system to ensure 
data accuracy.

Data deduplication and validation
The Ningxia CDC mandates that 22 counties CDC per-
form annual data deduplication between January and 
February. This process cross-references newly reported 
cases from the previous year with historical data from 
the past decade using unique identification numbers (ID 
cards), automatically removing duplicates.

Population and geographic data
Resident population data for the 22 counties (2011–2023) 
were obtained from the official the Ningxia Statisti-
cal Bureau to calculate cysticercosis incidence trends. 
County-level electronic maps of Ningxia were down-
loaded from the National Geographic Information Public 
Service Platform.

Statistical analysis
Descriptive analysis was used to characterize epidemio-
logical features. The chi-square trend tests was were per-
formed using SPSS 21.0 (IBM, Armonk, USA). P < 0.05 
was considered statistically significant. The incidence 
trend was using the Joinpoint 5.0.2 software (version 
4.9.1.0; National Cancer Institute, Rockville, MD, USA) 
[16, 17]. Spatial autocorrelation analysis was performed 
using the Arcgis 10.4 (Esri Inc., Redlands, CA, USA), 
software. Spatiotemporal scanning analysis was con-
ducted using SaTScan software (v10.1.2, Boston, Massa-
chusetts, USA).

Incidence trend
A Joinpoint regression model was constructed to analyze 
temporal trends, with the natural logarithm of reported 
echinococcosis incidence as the dependent variable 
and calendar year as the independent variable. The grid 

search method (GSM) was employed to determine the 
optimal number and locations of joinpoints (inflection 
points). Model selection was guided by Monte Carlo per-
mutation tests and the modified Bayesian information 
criterion (MBIC), with the final model chosen based on 
the smallest MBIC value. Temporal trends in reported 
incidence were evaluated across demographic strata 
(time, sex, age) using the average annual percent change 
(AAPC) and annual percent change (APC) with corre-
sponding 95% confidence intervals (CI). Statistical signif-
icance was determined by whether the 95% CI excluded 
zero. The AAPC provides a weighted average of annual 
trends over the entire study period (2011–2023), whereas 
the APC quantifies trend magnitude within specific tem-
poral segments. When no joinpoints were detected (i.e., 
zero inflection points), the AAPC and APC were equiva-
lent. Trend interpretation followed established epidemio-
logical criteria: AAPC or APC > 0: Statistically significant 
upward trend (P < 0.05). AAPC or APC < 0: Statistically 
significant downward trend (P < 0.05).AAPC or APC = 0: 
No statistically discernible temporal trend.

Spatial autocorrelation analysis
Spatial autocorrelation analysis was used to examine the 
degree of aggregation in the variable values of spatial 
units and to analyze the spatial correlation of the study 
objects in terms of certain factors [18, 19]. Depending 
on the research objectives, it can be divided into global 
and local spatial autocorrelation analysis. Global spatial 
autocorrelation analysis is used to measure whether the 
overall has clustering property. Local spatial autocorrela-
tion analysis is a statistical method used to detect spatial 
autocorrelation in localized regions, thereby identifying 
spatial differences caused by spatial correlations. This 
helps identify spatial hotspots or high-incidence areas 
of attribute values, thereby addressing the limitations of 
global spatial autocorrelation analysis.

Global spatial autocorrelation analysis was conducted 
using the ​Global Moran’s I index. The global Moran’s I 
index ranges from − 1.0 to 1.0. Moran’s I > 0 indicates a 
positive spatial correlation, with higher values indicat-
ing a more pronounced spatial correlation. Moran’s I < 0 
indicates a negative spatial correlation, with lower values 
indicating significant spatial heterogeneity. Moran’s I = 0 
indicates a random spatial distribution [20]– [21].

The formula is expressed as:
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N is the total number of spatial units involved in the 
analysis, equivalent to the number of counties in Ningxia. 
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xi and xj is the incidence rates in county i and county j, 
respectively (i = j). wij is the spatial weight matrix, which 
quantifies the spatial proximity or neighborhood rela-
tionship between county i and county j [22]. When 
Z > 1.96, P < 0.05 was considered to be statistically signifi-
cant and a spatial autocorrelation existed.

Local Indicators of Spatial Association (LISA) cluster 
maps were generated to illustrate four categories: high-
high, low-low, high-low, and low-high. High-high clusters 
refer to areas with high incidence rates of human echino-
coccosis. High-high and low-low patterns denote a strong 
positive spatial correlation ofthe observations whereas 
high-low and low-high patterns denote a strong nega-
tive spatial correlation. The Moran’s I values of global 
and local spatial autocorrelations were calculated using 
the spatial statistical analysis module of Arcgis 10.4, with 
LISA cluster map for visualization.

Spatial scan clustering
Spatiotemporal scan analysis, also known as spatiotem-
poral scan statistics (STSS), involves scanning dynami-
cally changing cylindrical windows of varying sizes and 
locations. It has been widely used to detect spatiotempo-
ral clusters of diseases [23, 24]. It works by “scanning” a 
window across the space and examining whether there 
is a significant difference in the number of events inside 
and outside the window, thereby identifying potential 
clusters. Spatial scan clustering analysis was performed 
using the discrete Poisson model in SaTScan V9.5 (Man-
agement Information Services, Maryland, USA) from 
January 1, 2011 to December 31, 2023. With “year” as the 
time unit, the longest scanning time limit was set as 50% 
of the scanning time range, “county” as the regional unit, 
the potential population incidence risk was set at 50%, 
and the Monte Carlo simulation was set at 999 times to 
calculate the relative risk (RR), logarithmic likelihood 
ratio (LLR), and P-values.

When test hypothesis P < 0.05 of the log likelihood ratio 
(LLR) was considered to indicate spatiotemporal cluster-
ing, the main clustering area was the one with the largest 

LLR value, while other statistically significant areas were 
secondary clustering areas [25].

Results
Epidemiological characteristics
From 2011 to 2023, a total of 3,316 cases of human echi-
nococcosis were reported in the study area. The annual 
average incidence was 3.88 per 100,000, peaking at 6.38 
per 100,000 in 2012 and declining to a minimum of 1.33 
per 100,000 in 2023 (Fig. 1). Over the 13-year period, the 
annual average reported incidence rate of human echi-
nococcosis decreased by 11.27% (AAPC=−11.27%,95% 
CI: −15.50% to −6.83%; t = −4.80, P < 0.001). One turning 
point was identified in 2019. Both periods (2011–2019 
and 2019–2023) exhibited declining trends, with APC of 
−5.13% (95% CI: −8.58% to −3.52%; t = −2.48, P = 0.038) 
and − 22.38% (95% CI: −38.53% to −14.07%; t = −4.12, 
P = 0.003), respectively (Fig. 2).

Among the cases, 1,566 were male and 1,750 were 
female. The male-to-female ratio was 0.89:1, with a lower 
incidence rate in males (3.48 per 100,000) compared to 
females (4.06 per 100,000). The incidence rate was high-
est in the 70-year age group (17.00 per 100,000), fol-
lowed by the 60-year age group (10.84 per 100,000), while 
the lowest incidence rate was observed in the 0-year 
age group (0.09 per 100,000). These data demonstrate 
a clear age-dependent increasing trend in echinococ-
cosis incidence (χ2 = 4172.53; P < 0.001) (Table  1). Farm-
ers constitute the primary group, accounting for 83.20% 
of the cases(2759/3316) (Table  2). Cases were reported 
throughout all 12 months, with the highest cases 
reported in March, totaling 365 cases (11.01%) (Fig. 3).

Spatial autocorrelation
Global spatial autocorrelation
The results of the global spatial autocorrelation analysis 
(conducted at the county level) of the annual incidence 
of human echinococcosis in Ningxia from 2011 to 2023 
showed that the values of Moran’s I were positive for 
2015–2019 and 2021–2023(Z > 1.96, p < 0.05), indicat-
ing that there was no random distribution and a positive 
spatial correlation. Furthermore, the incidence of human 
echinococcosis exhibited an overall spatial aggregation 
distribution. The degree of aggregation was the highest 
in 2023 (Moran’s I = 0.46) and lowest in 2018 (Moran’s 
I = 0.26). There was no spatial autocorrelation in either 
2011–2014 or 2020 (Z < 1.96, p > 0.05), indicating no clus-
tering trends during these years (Table 3).

Local spatial autocorrelation
The LISA clustered distribution map showed that there 
were 1, 2, 1, 1, 1, 1, 1 and 2 counties (districts) in the 
“high-high” clustered from 2015 to 2023(excluding 
2020), and the “high-high” clustered area was mainly 

Fig. 1  The incidence trend of human echinococcosis in Ningxia Hui Au-
tonomous Region from 2011 to 2023
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concentrated in the southern region of the Ningxia. 
Specifically, these cluster were located in Yuanzhou Dis-
trict, Haiyuan County, Hongsibao District and Pengyang 
County. From 2011 to 2022, a trend of.

“low-low” clusters shifting from the northern areas 
towards central (Fig. 4).

Spatial scan clustering
A spatio-temporal scan analysis on the incidence of 
human echinococcosis across 22 counties (districts) iden-
tified four significant spatio-temporal clusters, includ-
ing one most likely cluster and three secondary likely 
clusters, primarily concentrated in the southeastern of 
Ningxia. The most likely cluster, centered on Haiyuan 
County with a radius of 48.74 km, encompasses Haiyuan 
County and Tongxin County, with a total of 551 cases 
clustered from 2011 to 2016 (LLR = 335.53, RR = 4.13, 
P<0.01). The first secondary likely cluster, centered in 
Yuanzhou District with a radius of 50.43 km, covered Xiji 
County, Yuanzhou District, Qingtongxia District, Longde 
County, and Pengyang County, with a total of 469 cases 
clustered from 2016 to 2019 (LLR = 124.89, RR = 2.40, P). 
The other secondary clusters were smaller in size, each 
encompassing only a single region (Fig. 5).

Discussion
As a globally neglected zoonotic disease, its prevention 
and control effectiveness directly affects public health 
security [26]. Based on the monitoring data from Ningxia 
from 2011 to 2023, this study found that the popula-
tion incidence rate dropped from 638/100,000 in 2012 
to 133/100,000 in 2023, with an average annual decline 

of 11.27%, and a cumulative decline of 79.15%. The data 
above shows that the implementation of national central 
transfer payment prevention and control projects has sig-
nificantly improved the prevention and control effect of 
echinococcosis disease. In addition, the research by QQ 
Cui ‘s team further confirmed the effectiveness of canine 
deworming and health education measures in the pre-
vention and control of hydatis diseases [27]. Since 2006, 
Ningxia has systematically implemented an integrated 
prevention and control strategy: building a preven-
tion and control network through population screen-
ing, patient management, dog deworming, intermediate 
host monitoring and health education. The “Three-Year 
Special Campaign for the Prevention and Control of 
Endemic Diseases in Ningxia” carried out from 2018 to 
2020 strengthened the multi-departmental collabora-
tion mechanism and promoted the transformation of 
the prevention and control model from single disease 
to comprehensive management. The key environmental 
intervention measures are reflected in water improve-
ment projects: by promoting tap water to replace well 
water, the transmission chain of “dog feces contaminat-
ing water sources - human contact infection” has been 
completely cut off. With the improvement of medical 
and health services and the increase of public awareness 
of echinococcosis prevention and control, behavioral 
changes have been promoted, effectively reducing human 
echinococcosis rate [27].

This study found that the incidence of echinococcosis 
in the population showed significant differences in gen-
der and age distribution. The infection rate in women is 
significantly higher than that in men (P < 0.05), and this 

Fig. 2  Trends in crude incidence rates of human echinococcosis cases in Ningxia Hui Autonomous Region from 2011 to 2023

 



Page 6 of 11Duan et al. BMC Public Health         (2025) 25:2598 

finding is highly consistent with the results of Yan S team 
[28] in western China, Khalkhali HR team [29] in Iran 
and Rafiei A team [30] in Southwestern Iran. This dif-
ference may be related to the differences in occupational 
exposure patterns caused by the traditional gender role 
division. In traditional family labor models in endemic 
areas, women are more frequently involved in produc-
tion activities such as livestock feeding, milking opera-
tions, and dairy processing. The resulting continuous 
occupational exposure significantly increases the risk of 
oral transmission of pathogens [28]. It is worth noting 
that the age distribution characteristics show that the 
incidence rate increases with age, which is consistent 
with the research results of Ma et al. [31]. The mecha-
nism behind this may involve: (1) the cumulative effect 
of age-dependent exposure, the frequency and duration 
of contact with infection sources (canines and ruminant 
livestock) of the elderly population is related to changes 
in host susceptibility caused by immune aging [28].

The farmers’ population is a high-risk population for 
echinococcosis infection, and this finding is highly con-
sistent with existing epidemiological studies [32, 33]. 
When farmers engage in professional activities such as 
livestock breeding, slaughtering and fur processing, the 
frequency of contact with intermediate hosts (canines 
and ruminants) is significantly increased [34]. This 
close contact greatly increases the risk of echinococco-
sis eggs spread through the feces-oral route, especially 
in the case of insufficient personal protection measures, 
the probability of worm eggs entering the human body 
through the contaminated hand-oral route is significantly 
increased. At the same time, when working in the fields, 
insect eggs use aerosols to achieve air transmission. This 
study observed an increased number of reported echino-
coccosis cases in March; however, no definitive seasonal 
distribution pattern for this disease has been established 
to date. This phenomenon may arise from ​​dual research 
design limitations​​: firstly, echinococcosis, as a chronic 
parasitic disease, exhibits significant lag effects in clini-
cal manifestations, meaning short-term case fluctuations 
may not reflect true epidemiological trends. Secondly, 
the implementation of large-scale echinococcosis screen-
ing programs starting in March likely led to the concen-
trated detection of previously undetected cases, rather 
than representing a genuine increase in natural incidence 
rates.

Global spatial autocorrelation analysis shows that 
since 2015 (except 2020), Ningxia’s hyedworm disease 
has been spatially clustered. Further local spatial auto-
correlation analysis was carried out, and the results 
showed that the high- high cluster was mainly concen-
trated in the southern part of Ningxia, especially Xiji 
County, Haiyuan County and Yuanzhou District. There 
are three reasons: First, the public has a low awareness Ta
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of prevention of echinococcosis. Domestic dogs, close 
interaction with dogs, private slaughtering of cattle and 
sheep, and feeding sick organs to dogs are common, 
which aggravated the transmission and circulation of 
echinococcosis [33]; second, the climate of these three 
areas is dry and the temperature is lower than the aver-
age level in Ningxia, which is conducive to the survival 
of echinococcosis eggs [18, 35]; third, in the early years, 

the economic and sanitary conditions in these areas 
were relatively poor, and residents often drank raw water 
and cellar water, which increased the possibility of echi-
nococcosis egg infection. Fourth, Ningxia Liupanshan 
National Forest Park and Huoshizhai National Geopark 
are located in these areas, with many species and numer-
ous wild animals. Farmers often hunt wild boars in the 
mountains, thus increasing the frequency of contact with 

Table 2  Occupational distribution of reported human echinococcosis cases in Ningxia Hui autonomous region from 2011 to 2023
Occupation No.cases Constituent ratio/% Occupation No. cases Constituent ratio/%
Farmer 2 759 83.20 government officials 26 0.78
Housework and unemployment 279 8.41 teachers 20 0.60
retirees 89 2.68 Student 18 0.54
Others 68 2.05 Medical workers 4 0.12
Commercial services 51 1.54 Children 2 0.06

Table 3  Global autocorrelation of moran’s I values of human echinococcosis in Ningxia Hui autonomous region from 2011 to 2023
Year Moran’s I Z score P value Aggregation
2011 0.21 1.74 0.0813 No
2012 0.17 1.47 0.1421 No
2013 0.18 1.52 0.1289 No
2014 0.17 1.56 0.1197 No
2015 0.28 2.29 0.0222 Yes
2016 0.34 2.60 0.0093 Yes
2017 0.27 2.27 0.0231 Yes
2018 0.26 2.56 0.0106 Yes
2019 0.26 2.38 0.0171 Yes
2020 0.21 1.81 0.0702 No
2021 0.28 2.28 0.0225 Yes
2022 0.45 3.30 0.0010 Yes
2023 0.46 3.39 0.0007 Yes

Fig. 3  Time distribution of reported cases of Echinococcosis in Ningxia Hui Autonomous Region from 2011 to 2023
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echinococcosis. In contrast, the low-low agglomeration 
zone is mainly located in northern and central Ningxia, 
close to the provincial capital city, with better natural and 
economic conditions and less infection [36].

A space-time scan of the incidence of human echi-
nococcosis revealed the clustering characteristics of 
echinococcosis of different types, times and places. The 
space-time scan identified four significant spatio-tempo-
ral clusters, including one most likely cluster and three 
secondary clusters, but most likely clusters and second-
ary clusters-1 are still in southern Ningxia, including: 
Haiyuan County, Tongxin County, Xiji County, Yuanzhou 
District, Pengyang County, Longde County. This means 
that the human echinococcosis epidemic in southern 
Ningxia is the main risk area. It is worth noting that the 
clustering centers of the incidence are geographically 
close (Radius = 48.74 km or 50.43Km), which proves that 
the spatial distribution of hydatosis is relatively stable. 
The main gathering periods were 2011–2019 and 2016–
2019 respectively.

This study is based on Ningxia’s hydatosis monitoring 
data from 2011 to 2023, and clarifies the epidemiologi-
cal characteristics of the disease and the spatial cluster 
distribution pattern. However, the study has the follow-
ing shortcomings: the study did not include key variables 
such as county-level socio-economic indicators (such as 
per capita disposable income, urbanization rate), con-
tinuous meteorological data (such as accumulated tem-
perature, precipitation), and residents’ health behavior 
questionnaire (such as dog management methods, drink-
ing water treatment habits), which cannot better explain 
the factors influencing disease development. Follow-up 
research can be included in relevant dimensions for in-
depth analysis.

Based on the findings of this study, it is recommended 
to implement differentiated prevention and control 
strategies based on spatial aggregation characteristics: 
optimize the allocation of health resources in high-high 
aggregation areas, continue to promote central trans-
fer payment prevention and control projects, and cut 
off the human-dog-animal transmission chain through 
measures such as grid-based deworming management of 
dogs and the construction of cattle and sheep slaughter-
ing and quarantine traceability system. At the same time, 
innovate the health education model, rely on community 
cases to carry out peer education to improve compliance 
with prevention and control measures; implement pre-
cise screening strategies in low-low cluster areas, replace 
large-scale screening across the region through patient 
tracking and monitoring of key groups, avoid inefficient 
consumption of health resources, and realize the scien-
tific allocation and efficient utilization of prevention and 
control resources.

Fig. 4  Results of local spatial autocorrelation analysis of human echino-
coccosis at the county level in Ningxia Hui Autonomous Region from 2011 
to 2023
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Conclusion
This study is based on surveillance data on echinococ-
cosis in Ningxia from 2011 to 2023. It was confirmed 
through spatial epidemiological analysis that the national 
central transfer payment prevention and control project 
can effectively reduce the rate of echinococcosis infec-
tion in the population. The spatial clustering character-
istics found in the study (high-high clustering areas are 
concentrated in the southern mountainous areas, and 
low-low clustering areas are located in the northern and 
central areas) provide a scientific basis for differentiated 
prevention and control strategies. It is recommended 
that “patient tracking + key population monitoring” be 
used instead of whole-region screening, focusing health 
resources on key areas and populations, and maximizing 
prevention and control efficiency.
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