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Abstract 

Background:  Echinococcosis, a zoonotic parasitic disease, is caused by larval stages of cestodes in the Echinococcus 
genus. Echinococcosis is highly prevalent in ten provinces/autonomous regions of western and northern China. In 
2016, an epidemiological survey of Tibet Autonomous Region (TAR) revealed that the prevalence of human echino-
coccosis was 1.66%, which was much higher than the average prevalence in China (0.24%). Therefore, to improve on 
the current prevention and control measures, it is important to understand the prevalence and spatial distribution 
characteristics of human echinococcosis at the township level in TAR.

Methods:  Data for echinococcosis cases in 2018 were obtained from the annual report system of echinococcosis of 
Tibet Center for Disease Control and Prevention. Diagnosis had been performed via B-ultrasonography. The epidemic 
status of echinococcosis in all townships in TAR was classified according to the relevant standards of population 
prevalence indices as defined in the national technical plan for echinococcosis control. Spatial scan statistics were 
performed to establish the geographical townships that were most at risk of echinococcosis.

Results:  In 2018, a total of 16,009 echinococcosis cases, whose prevalence was 0.53%, were recorded in 74 endemic 
counties in TAR. Based on the order of the epidemic degree, all the 692 townships were classified from high to low 
degrees. Among them, 127 townships had prevalence rates ≥ 1%. The high prevalence of human echinococcosis in 
TAR, which is associated with a wide geographic distribution, is a medical concern. Approximately 94.65% of the vil-
lages and towns reported echinococcosis cases. According to spatial distribution analysis, the prevalence of human 
echinococcosis was found to be clustered, with the specific clustering areas being identified. The cystic echinococco-
sis primary cluster covered 88 townships, while that of alveolar echinococcosis’s covered 38 townships.

Conclusions:  This study shows spatial distributions of echinococcosis with different epidemic degrees in 692 town-
ships of TAR and high-risk cluster areas at the township level. Our findings indicate that strengthening the echino-
coccosis prevention and control strategies in TAR should directed at townships with a high prevalence and high-risk 
clustering areas.

Keywords:  Human echinococcosis, Prevalence, Geographic distribution, Tibet Autonomous Region, China

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  wangliyingcdc@163.com
1 National Institute of Parasitic Diseases, Chinese Centre for Disease 
Control and Prevention (Chinese Centre for Tropical Diseases Research); 
NHC Key Laboratory of Parasite and Vector Biology, WHO Collaborating 
Centre for Tropical Diseases, National Centre for International Research On 
Tropical Diseases, Shanghai 200025, People’s Republic of China
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-2692-2770
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40249-022-00933-9&domain=pdf


Page 2 of 14Wang et al. Infectious Diseases of Poverty           (2022) 11:10 

Background
Echinococcosis, which is commonly known as hydati-
dosis, is a zoonotic parasitic disease caused by the larvae 
of Echinococcus. Globally, this disease is highly preva-
lent in pastoral areas of many countries [1]. In endemic 
areas of China, the number of patients with echinococ-
cosis was estimated to be 166,098 in 2016 [2]. There are 
two major types of echinococcosis: cystic echinococcosis 
(CE) which is caused by the larvae of E. granulosus and 
alveolar echinococcosis (AE) which is caused by the lar-
vae of E. multilocularis [3].

Echinococcosis is a long-course disease that mainly 
affects the liver, but also, the lungs and spleen [4, 5]. As 
the disease progresses, the infected organs deteriorate, 
causing organ dysfunction and eventually, death [4]. AE, 
also known as “parasitic cancer”, is the most lethal para-
sitic zoonosis with a 10-year mortality rate of more than 
90% if untreated [4, 6]. Echinococcosis is a major public 
health concern with a substantive economic burden [3, 7, 
8].

A national echinococcosis survey in China, conducted 
between 2012 and 2016, showed that 31 provincial-level 
administrative divisions (PLADs) had reported cases 
of echinococcosis. Within these PLADs, 370 counties 
reported local endemic human echinococcosis cases. 
These cases were mainly detected in the pastoral, semi-
agricultural and semi-pastoral areas of TAR, Sichuan, 

Qinghai, Xinjiang, Gansu, Ningxia, Inner Mongolia, Yun-
nan and Shaanxi [2]. In addition, echinococcosis is closely 
associated with poverty among farmers and herdsmen 
[9]. In 2016, the prevalence of echinococcosis in TAR 
was 1.66%, with the estimated number of cases being 
49,935 [2]. The average infection rates for intermediate 
hosts (cattle and sheep) as well as dogs were 13.21% and 
7.30%, respectively [2]. These infections are highly asso-
ciated with the prevalence of human echinococcosis [10]. 
In China, and globally, TAR is the region with the high-
est prevalence of echinococcosis [2]. In 2016, a sampling 
survey revealed that all the 74 counties under TAR juris-
diction were epidemic. All 692 townships in the 74 coun-
ties in 6 prefecture-level cities (Lhasa City, Changdu city, 
Shannan city, Shigatse city, Naqu city, Linzhi city) and 
one prefecture (Ali Prefecture) have been recognized as 
endemic areas for echinococcosis [2]. Given the severe 
epidemic situation, and the serious public health chal-
lenges associated with echinococcosis, a general census 
of human echinococcosis was performed in 2017. This 
census, which revealed an echinococcosis rate of 90.34%, 
was aimed at informing on suitable strategies for early 
detection and diagnosis. All echinococcosis patients were 
identified and, with their informed consents, treated with 
albendazole. Some of the patients were recommended for 
surgical treatment. In 2018, comprehensive measures for 
echinococcosis prevention and control were implemented 
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in the 74 epidemic counties. However, implementation of 
these measures was challenging due to the complex natu-
ral environment, harsh climatic conditions, inadequate 
infrastructure, poor agricultural and animal husbandry 
practices, lagging social and economic development, 
delayed prevention and disease control strategies, diffi-
cult living and working conditions, outdated medical and 
health facilities as well as equipment, lack of vehicles suit-
able for the complex road conditions, sparsely populated 
areas, large service radius, and lack of professional as well 
as technical personnel [8, 10–13]. Since the launch of the 
National Echinococcosis Prevention and Control Project 
in 2008, the county level is the relevant level for defining 
the epidemic risk and allocation of health resources [14]. 
However, variations in epidemic degrees among town-
ships within the same county have been found to sig-
nificantly differ, with different epidemic characteristics. 
Therefore, scaling down the epidemic region from the 
county level to the township level is required to appro-
priately allocate health resources and improve the effi-
ciencies of prevention and control measures. The risk of 
echinococcosis transmission has been comprehensively 
assessed. However, data for AE and CE elucidate on dis-
ease dynamics and on its relative distributions depending 
on the pathogen. CE and AE exhibit different transmission 
cycles and epidemic characteristics, and require different 
prevention and control measures. Therefore, careful anal-
ysis of relative distributions of CE and AE is necessary for 
designing relevant control measures that are suitable to 
local conditions, classify guidance, and improve efficiency.

Elucidation of the prevalence of echinococcosis at the 
township level in TAR is very important for prevention 
and control. In this study, we investigated the prevalence 
of the two main species of medical interest (AE and CE) 
in all 692 townships in TAR. Our findings will inform the 
development of suitable prevention and control measures 
and help in rational allocation of health resources.

Methods
Data source
Demographic data for each of the 692 townships of 74 
endemic counties of TAR were obtained from the popula-
tion survey released by the National Bureau of Statistics in 
2018. Clinically diagnosed and confirmed cases of human 
echinococcosis were obtained from the annual report 
system of echinococcosis of the Tibet Center for Disease 
Control and Prevention. Most of the patients were diag-
nosed by echinococcosis census completed by the local 
health departments in their villages. Since echinococcosis 
has a long incubation period, the TAR census of echino-
coccosis was performed among people aged two and over 
in 692 townships. This census was complete by the end 
of 2018. Human echinococcosis cases were diagnosed by 

B-ultrasonography following the official “Diagnostic crite-
ria for echinococcosis” of China (WS 257–2006), which is 
in line with that of World Health Organization [15]. Based 
on this strategy, the diagnostic criteria for CE by ultra-
sonography includes: a) Unilocular anechoic lesions that 
are round or oval with clearly visible cyst walls (laminated 
layers) and snowflake-like inclusions or floating lami-
nated membranes; b) Multivesicular or multiseptate cysts 
with wheel-like appearances; and c) Unilocular cysts with 
daughter cysts and honeycomb appearances. The diagnos-
tic criteria for AE include: the presence of lesions that are 
characterized by heterogenous hypodense masses, often 
associated with necrotic cavities, irregular lesion contours 
and lack of well-defined walls [15]. Serological tests were 
performed for patients exhibiting space occupying lesions 
and live or work in epidemic areas or for those report-
ing contact histories with domestic or wild animals and 
their fur. These tests were performed by enzyme-linked 
immunosorbent assay (ELISA) (Zhuhai Hai Tai Biophar-
maceutical Co., Ltd. Zhuhai, China). Suspected cases were 
confirmed by positive serological tests [15]. After obtain-
ing their informed consents, the identified patients were 
treated with albendazole and recommended for surgical 
treatment [15]. Data were analyzed at the township level.

Classification of prevalence
Based on official “Diagnostic criteria for echinococco-
sis” of China (WS 257–2006), echinococcosis cases were 
classified into CE, AE, and co-infections with CE and AE 
[15]. The prevalence of CE was determined by including 
the confirmed cases of CE as well as the co-infections 
of CE with AE in the calculations. Similarly, the preva-
lence of AE was obtained by including the confirmed 
cases of AE as well as co-infections of CE with AE in the 
calculation. Classification of the prevalence of human 
echinococcosis was based on classification standards 
for endemic counties as reported in the 2019 edition of 
technical guidelines for echinococcosis control in China 
[16]. Due to differences in transmission cycles, preven-
tive strategies, control measures, clinical manifestations, 
as well as treatment regimens, the characteristics of CE 
and AE were independently described and analyzed. 
Each case was classified based on epidemic status, from 
the highest to the lowest, to provide a qualitative under-
standing of the epidemic status of echinococcosis in 
given townships. The 2019 edition of technical guide-
lines for echinococcosis control in China recommend 
that evaluation of echinococcosis control and elimina-
tion measures should be based at the township level 
[16]. Since the current epidemic areas of echinococcosis 
in China were only considered at the county level and 
no classification standards for township level are avail-
able, we classified the epidemic status of echinococcosis 
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in all townships in TAR following the relevant standards 
of population prevalence index in the national technical 
plan for echinococcosis control (2019 Edition). The clas-
sification criteria were: Class I epidemic townships: prev-
alence rate ≥ 1%; Class II epidemic townships: prevalence 
rate ≥ 0.1% and < 1%; Class III epidemic townships: prev-
alence rate ≥ 0 and < 0.1%; Class IV epidemic townships: 
townships with appropriate transmission circulation 
conditions and a prevalence rate equal to 0 [16]. Statisti-
cal analyses was performed using the SPSS 21.0 software 
package (IBM, Armonk, USA). The ArcGIS 10.1 program 
(ESRI, Redlands, USA) was used for geographic mapping 
and prevalence analysis.

Spatial scan clustering
SaTScan V9.5 (Management Information Services, Mary-
land, USA) was used for retrospective spatial scan analy-
sis. The spatial clustering scanning analysis was based on 
echinococcosis cases and exposed population in the 692 
townships by the end of 2018. The discrete Poisson prob-
ability model was applied using a circular window for high-
rate clusters. Areas of high incidence were scanned using 
a moving circular window, dynamically varying in size. 
The maximum sizes of spatial and temporal windows were 
defined as 25% of the total population of the entire area. 
Likelihood ratio tests and Monte Carlo randomization tests 
were used to determine the significance of spatiotemporal 
clusters. Finally, the window with the maximum Log-like-
lihood ratio (LLR) value was defined as the primary cluster 
while other clusters with statistically significant LLRs were 
defined as secondary clusters and minor secondary clus-
ters. The radius of minor secondary clusters was less than 
50 km. Relative risk (RR) and P-value for each cluster were 
obtained by Monte Carlo randomization tests. W rand-
omization data sets were generated by Monte Carlo rand-
omization tests. The maximum LLR were calculated in the 
same way as the observed data and were sorted from large 
to small. If the maximum LLR of the real data set is ranked 
R, then P = R/(W + 1). The higher the ranking, the smaller 
the P-value, indicating that the probability for random 
aggregation is smaller. Scan results were visualized using 
the Arcgis10.1 software (ESRI, Redlands, USA).

Results
Prevalence of human echinococcosis
From a total of 3,002,828 people, there were 16,009 
(0.53%) echinococcosis-positive patients. In 2018, the 
total population of Tibet was 3,324,078 with the census 
rate of echinococcosis being 90.34% [17]. Among them, 
there were 14,398 (89.94%) CE cases, 942 (5.88%) AE cases 
and 137 (0.86%) co-infections of CE and AE. The propor-
tions of male and female cases were 35.4% and 64.6%, 

respectively. The youngest in age was 2  years old, while 
the oldest was 93 years with a median age of 46 years. Due 
to a lack of detailed classification records and failure to 
classify them as cystic or alveolar echinococcosis, a total 
of 532 cases (3.32%) were unclassified (Table 1).

The prevalence of human echinococcosis at the town-
ship level ranged from 0 to 7.78% in TAR. The three 
townships with the highest prevalence rates were Axiu 
township in Baqeen County of Naqu Prefecture-level 
city with 216/2775 (7.78%) cases, Buta township in 
Deengqeen County with 130/3260 (3.99%) cases, and 
Meiyu township in Zogang county of Changdu Prefec-
ture-level city with 201/5152 (3.90%) cases. All cases were 
distributed in 655 townships. However, there were no 
cases of echinococcosis in 37 townships (Fig. 1, Table 2).

The overall prevalence rate of CE was 0.48%, and all 
cases were distributed in 655 townships of 74 counties. 
The three townships with the highest prevalence of CE 
were Axiu township in Baqeen County of Naqu Pre-
fecture-level city with 171/2775 (6.16%) cases, Meiyu 
township in Zogang County of Changdu Prefecture-
level city with 201/5152 (3.90%) cases, and Baixiong 
township in Nierong County of Naqu Prefecture-level 
city with 144/4325 (3.33%) cases (Fig.  2, Table  3). The 
overall prevalence of AE was 0.04%, with the 1079 
recorded cases being found to be distributed in 143 
townships from 32 counties. The three townships with 
the highest prevalence for AE were Axiu township with 
46/2775 (1.66%) cases, Baqeen township with 35/2300 
(1.52%) cases, both of which are in Baqeen County 
of Naqu Prefecture-level city, and Buta township in 
Deengqeen County with 34/3260 (1.04%) cases (Fig. 3, 
Table 4).

Classification of the prevalence of human echinococcosis 
in China
The epidemic levels of 692 townships in TAR were: 127 
(18.35%) were Class I epidemic townships; 446 (64.45%) 
were Class II epidemic townships; 82 (11.85%) were 
Class III epidemic townships; while 37 (5.35%) were 
Class IV epidemic townships (Fig. 1, Table 2). The clas-
sifications of CE and AE were further analyzed based on 
similar classification criteria. Among the 692 townships 
in TAR, 655 (94.55%) had CE cases with 116 (16.76%) 
of them being Class I epidemic townships, 445 (64.31%) 
being Class II epidemic townships, 94 (13.58%) being 
Class III epidemic townships and 37 (5.35%) being 
Class IV epidemic townships (Fig.  2, Table  3). With 
respect to AE, 143 (20.7%) out of 692 townships had 
AE cases with 3 (0.43%) of them being Class I epidemic 
townships, 53 (7.66%) being Class II epidemic town-
ships, 87 (12.57%) being Class III epidemic townships 
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and 549 (79.34%) being Class IV epidemic townships 
(Fig. 3, Table 4).

Spatial distribution and identification of clusters of human 
echinococcosis
Spatial clustering of human echinococcosis
The analysis of CE revealed one primary cluster and 
seven secondary clusters. The primary cluster was cen-
tered at 36°10’ North and 89°39’ East with a radius of 
632.91  km, covering 88 townships in 12 counties. It 
was dominated by the Naqu Prefecture-level city, with 

82 townships in all the 10 epidemic counties (Nagqum, 
BIrum, Nyainrong, Amdo, Xainza, Sog, Bangoin, Baqeen, 
Nyima, and Shuanghu), followed by Damxung in Lhasa 
city and Geerzee in the Ali Prefecture. This cluster had 
356,976 exposed persons, with a risk of infection 3.35 
times higher than in other areas (P < 0.01). It is the key 
area in TAR for the prevention and control of CE. The 
extent and risk status of secondary clusters are shown 
in Fig.  4 and Table  5. A relatively important secondary 
cluster area was centered at 30°11’ North and 92°86’ East 
with a radius of 103.61  km, covering 27 towns from 7 

Fig. 1  Spatial distribution of human echinococcosis. P: Prevalence

Table 2  Classification of the prevalence of human echinococcosis at township level in Tibet Autonomous Region, 2018

P Prevalence, AE Alveolar echinococcosis, CE Cystic echinococcosis

District/ Prefecture-
level (municipal level) 
city

Total 
number of 
towns

P ≥ 100/10,000 (Class I 
epidemic townships)

10/10,000 ≤ P < 100/10,000 
(Class II epidemic 
townships)

0 < P < 10/10,000 
(Class III epidemic 
townships)

P = 0 (Class IV 
epidemic townships)

Number 
of towns

Constituent 
ratio (%)

Number of 
towns

Constituent 
ratio (%)

Number 
of towns

Constituent 
ratio (%)

Number 
of towns

Constituent 
ratio (%)

Lhasa 65 1 1.54 39 60.00 22 33.85 3 4.62

Changdu 138 11 7.97 95 68.84 24 17.39 8 5.80

Shannan 82 8 9.76 46 56.10 14 17.07 14 17.07

Shigatse 203 24 11.82 157 77.34 19 9.36 3 1.48

Naqu 114 66 57.89 46 40.35 2 1.75 0 0.00

Ali 37 15 40.54 22 59.46 0 0.00 0 0.00

Linzhi 53 2 3.77 41 77.36 1 1.89 9 16.98

Total 692 127 18.35 446 64.45 82 11.85 37 5.35
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counties, including Maizhokunggar in Lhasa city, Sangri 
and Gyaca of Shannan Prefecture-level city, Nagqu and 
Jiali in Naqu Prefecture-level city, as well as Nyingchi and 
Gongbo’gyamda in Linzhi Prefecture-level city. The RR 
value of this cluster was 1.77 (P < 0.01). Another impor-
tant secondary cluster area was centered at 28°75’ North 
and 84°83’ East with a radius of 151.51 km, covering 25 
towns from 6 counties. The RR value of this cluster was 
1.71 (P < 0.01). The remaining secondary clusters were 
relatively small, involving only a few townships.

Spatial clustering scans of AE revealed the presence of 
one primary cluster and two secondary clusters (Fig.  5 

and Tables 6 and 7). The primary cluster was centered at 
32°49’ North and 94°54’ East, with Gongri township in 
Baqeen county being the center. The radius of this clus-
ter was 157.23 km, covering 38 townships in 6 counties, 
including Deengqeen and Banbar in Changdu Prefecture-
level city as well as Biru, Nyainrong, Sog, and Baqeen in 
Naqu Prefecture-level city. The RR value of this cluster 
area was as high as 21.04 times that of the surrounding 
area (P < 0.01).

One secondary cluster was centered at 31°56’ North 
and 89°52’ East, with Mendang Township in Bangoin 
County being at the center. This cluster had a radius 

Fig. 2  Spatial distribution of human CE. P: Prevalence

Table 3  Classification of the prevalence of human cystic echinococcosis at township level in Tibet Autonomous Region, 2018

P Prevalence, AE Alveolar echinococcosis, CE Cystic echinococcosis

District/ Prefecture-
level (municipal level) 
city

Total 
number of 
towns

P ≥ 100/10,000 (Class I 
epidemic townships)

10/10,000 ≤ P < 100/10,000 
(Class II epidemic 
townships)

0 < P < 10/10,000 
(Class III epidemic 
townships)

P = 0 (Class IV 
epidemic townships)

Number 
of towns

Constituent 
ratio (%)

Number of 
towns

Constituent 
ratio (%)

Number 
of towns

Constituent 
ratio (%)

Number 
of towns

Constituent 
ratio (%)

Lhasa 65 1 1.54 37 56.92 24 36.92 3 4.62

Changdu 138 9 6.52 90 65.22 31 22.46 8 5.80

Shannan 82 7 8.54 46 56.10 15 18.29 14 17.07

Shigatse 203 24 11.82 158 77.83 18 8.87 3 1.48

Naqu 114 61 53.51 49 42.98 4 3.51 0 0.00

Ali 37 12 32.43 25 67.57 0 0.00 0 0.00

Linzhi 53 2 3.77 40 75.47 2 3.77 9 16.98

Total 692 116 16.76 445 64.31 94 13.58 37 5.35
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of 158.35  km, covering 22 townships in 4 counties in 
the Naqu Prefecture-level city, including 10 townships 
in Bangoin County, 7 townships in Xainza County, 1 
township in Suanghu County and 1 in Amdo County. 
The RR value of this cluster area was 8.02. The risk of 
AE transmission in this aggregation area was signifi-
cantly higher than that of the surrounding area.

With Niangpu Township in Gongbo’ gyamda county 
as the center, the other secondary cluster was cen-
tered at 30°34’ North and 93°04’ East. It had a radius of 
93.93 km, covering 20 townships in 4 counties, includ-
ing 8 townships in Gongbo’ gyamda county, 10 town-
ships in Jiali county, 1 township in MaizhoKunggar 

county and 1 in Banbar county. The RR value of this 
cluster area was 2.58 (P < 0.01).

Discussion
Both primary clusters for CE and AE, which had the larg-
est number of Class I epidemic townships, covered the 
townships in Naqu prefecture-level city. These townships 
are located in the northern Tibet Plateau, whose aver-
age altitude is more than 4500 m and is a major pastoral 
area of Tibet. The Naqu Prefecture-level city of TAR has 
the highest prevalence of both AE and CE. As a pastoral 
area, there are many dogs, livestock, and wild animals. 
Particularly, the high prevalence of AE is associated with 

Fig. 3  Spatial distribution of human AE. AE: Alveolar echinococcosis, P: Prevalence

Table 4  Classification of the prevalence of human alveolar echinococcosis at township level in TAR, 2018

P Prevalence, AE Alveolar echinococcosis, CE Cystic echinococcosis

District/ Prefecture-
level (municipal level) 
city

Total 
number of 
towns

P ≥ 100/10,000 (Class I 
epidemic townships)

10/10,000 ≤ P < 100/10,000 
(Class II epidemic 
townships)

0 < P < 10/10,000 
(Class III epidemic 
townships)

P = 0 (Class IV 
epidemic townships)

Number 
of towns

Constituent 
ratio (%)

Number of 
towns

Constituent 
ratio (%)

Number 
of towns

Constituent 
ratio (%)

Number 
of towns

Constituent 
ratio (%)

Lhasa 65 0 0.00 0 0.00 2 3.08 63 96.92

Changdu 138 1 0.72 12 8.70 26 18.84 99 71.74

Shannan 82 0 0.00 0 0.00 6 7.32 76 92.68

Shigatse 203 0 0.00 4 1.97 10 4.93 189 93.10

Naqu 114 2 1.75 33 28.95 33 28.95 46 40.35

Ali 37 0 0.00 3 8.11 3 8.11 31 83.78

Linzhi 53 0 0.00 1 1.89 7 13.21 45 84.91

Total 692 3 0.43 53 7.66 87 12.57 549 79.34
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the high abundance of stray dogs [18, 19]. These factors 
form the transmission cycles of CE and AE. Moreover, 
local residents have poor health habits and living con-
ditions, including unclean domestic water due to poor 
natural environments and backward economic develop-
ment. Local medical conditions are also limited. In most 
parts of TAR, like in the Naqu Prefecture-level city, local 
residents depend on pastoral work for living, with same 
traditional production and life styles, poor medical and 
health resources as well as shallow health awareness, 
which predisposes them to echinococcosis. Besides, 
knowledge on disease and appropriate prevention meth-
ods is generally low [2, 20].

Our findings show that compared to CE, the preva-
lence of AE in TAR is relatively low, and its distribution 
is relatively limited, in tandem with findings from other 
studies [2]. The transmission cycle of AE involves sylvatic 
cycles, with foxes and dogs as definitive hosts and small 
rodents as intermediate hosts. The distribution of small 
rodents is less than that of livestock. However, given the 
heavy disease burden on AE patients, the 56 AE epidemic 
class I and class II townships and the three AE cluster 
areas should be prioritized. In addition to strengthening 
the control of infection at source levels and health educa-
tion measures, it is important to increase the surveillance 
of small rodents and lagomorphs (alternative intermedi-
ate hosts of E. multilocularis), strictly control the number 
of stray dogs, and strengthen the screening of AE patients 
in these townships [24]. In China, the primary definitive 
host for both E. granulosus and E. multilocularis is dog 
[21, 22]. Therefore, monitoring the number of dogs and 

regular deworming of infected dogs is an important pre-
vention and control approach [23]. In class I and II epi-
demic townships, each dog must be dewormed monthly, 
consistent with the required prevention and control 
measures. In addition, health education and people 
awareness should be intensified. In townships with insuf-
ficient health workers, rural cadres and volunteers should 
be actively recruited and trained to promote the imple-
mentation of this measure. In class III townships, the 
deworming frequency can be rationally reduced accord-
ing to the actual situation. Deworming of dogs during the 
slaughtering season of intermediate hosts, such as yaks 
and sheep, as well as the strengthening of health educa-
tion, awareness and slaughter management procedures 
must be implemented. Moreover, the intensification of 
health education and awareness for residents, as well as 
echinococcosis monitoring should be performed in class 
IV epidemic townships.

The relevant departments of epidemic counties in 
which these towns belong should pay more attention to 
the epidemic towns in the gathering areas, and strengthen 
the monitoring of echinococcosis and patient screening. 
If the epidemic areas involve the junction areas of mul-
tiple epidemic counties, the relevant epidemic counties 
should cooperate and implement the relevant preven-
tion and control strategies. The spatial distribution of AE 
is more limited, with only three aggregation areas, how-
ever, the epidemic risk is relatively high, especially in the 
primary cluster area, suggesting that these aggregation 
areas require strengthening of prevention and control 
measures. The populations should be actively mobilized 

Fig. 4  SaTScan spatial clustering analysis of human CE. CE: Cystic echinococcosis
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to participate in echinococcosis prevention and control 
strategies. Implementation of prevention and control 
approaches that are well adapted to the local reality and 
with high economic effects should be prioritized to sig-
nificantly reduce disease burden and efficiently control 
echinococcosis epidemics. There were 532 unclassified 
cases in 93 townships, and in some townships it was true 
for all cases. This might seriously affect the management 
and prevention of echinococcosis; therefore, this issue 
should be addressed as a priority. B-mode ultrasound 
technicians should be trained at the township level. 
Quality control and supervision of the integrity of patient 
records and materials should also be improved. Based on 
our findings, when allocating health resources, the rel-
evant administrative departments should focus on town-
ships with a high prevalence and primary cluster areas.

This study is associated with some limitations. First, as 
a chronic infectious parasitic disease, echinococcosis is 
characterized by occult onsets and long incubation peri-
ods. Therefore, although the spatial distribution of prev-
alence can reflect the disease burden and historical risk 
of echinococcosis in different areas, it cannot sensitively 
reflect the current infection risks. Second, populations 
were screened for hydatid lesions using portable B-mode 
ultrasonography, therefore, only abdominal lesions of CE 
and AE could be detected, whereas lesions in the lungs, 
brain, and other organs outside the abdomen could not 

be detected. Furthermore, most patients were identified 
by screening or clinical examination, but a part of the 
infected population was not identified. Some patients 
were leaked during detections, thus, the prevalence 
determined in the survey may be underestimated. Finally, 
for the 532 (3.3%) confirmed patients, there were no clear 
classifications (CE or AE) and neither were there clear 
B-mode ultrasound images, which may lead to failures in 
identification and treatment. This may affect the analysis, 
follow-up and treatment of patients.

Conclusions
This study shows spatial distributions of echinococcosis 
with different epidemic degrees in 692 townships of TAR 
and high-risk cluster areas at the township level. There 
have been advances in the prevention and control of 
echinococcosis in TAR. Our findings provide a scientific 
reference for the relevant administrative departments in 
TAR to appropriately adjust the prevention and control 
strategies according to the different epidemic character-
istics and epidemic degrees. Therefore, we suggest the 
formulation of different prevention and control measures 
in primary and secondary clusters. Future studies should 
formulate more advanced prevention and control strate-
gies to efficiently prevent and control echinococcosis in 
TAR.

Fig. 5  SaTScan spatial clustering analysis of human AE. AE: Alveolar echinococcosis
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Table 7  The correspondence table between the names of 74 counties involved in this paper and the names of Chinese Pinyin

Prefecture/Prefecture-level 
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County name 
involved in the 
article

County name in 
Chinese pinyin

Prefecture/Prefecture-level 
city (municipal level)

County name 
involved in the 
article

County name 
in Chinese 
pinyin

Lhasa Chengguan Chengguan Ngamring Angren

Lhuunzhub Linzhou Xaitongmoin Xietongmen

Damxung Dangxiong Bainang Bailang

Nyeemo Nimu Rinbung Renbu

Quuxuu Qushui Kangmar Kangma

Doilungdeeqeen Duilong Deqing Dinggyee Dingjie

Dagzee Dazi Zhongba Zhongba
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Cona Cuona Coqeen Cuoqin

Nagarzee Langkazi Linzhi Nyingchi Linzhi County
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Namling Nanmulin Mainling Milin

Gyangzee Jiangzi Metog Motuo

Tingri Dingri Bomi(Bowo) Bomi
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Lhazee Lazi Nang Langxian
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