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Abstract
Cysticercosis remains a public health problem in China,

with disease prevalence attributed to poor socio-economic and
public health conditions. This parasitic food-borne disease was
prioritized for effective control following implementation of the
national surveys on parasitic diseases carried out in China. We
predicted the cysticercosis distribution in Dali, Yunnan
Province by assessing spatio-temporal distribution characteris-
tics between 2000 and 2014 to better understand the trend of the
disease incidence. A database of cysticercosis cases was provid-
ed by the clinical department at the Dali Prefectural Institute of
Research and Control of Schistosomiasis. Describing the epi-
demiological features of cysticercosis and analyzing its spatio-
temporal distribution of cases using mapping, scanning and spa-
tial autocorrelation analysis, our findings found a total of 3,347
patients with cysticercosis infection, neurocysticercosis in par-
ticular. Cysticercosis prevalence was the highest among young
and middle-aged male farmers, and also predominant among the

Bai nationality. Three aggregation areas were identified during
the period 2000-2014. Hotspot analysis implicated Dali City,
Eryuan County and Yangbi County between 2000 and 2007,
with areas gradually shifting towards the western and northern
parts of the province. The hotspot map indicated that Eryuan
County was a constant problem with respect to cysticercosis.
The results indicated three cysticercosis clusters in Dali that
could be attributed to environmental factors and unhealthy
lifestyles. Multi-sectoral control initiatives are, therefore, rec-
ommended in these areas to effectively control and prevent cys-
ticercosis among the population. 

Introduction
Cysticercosis is a parasitic infection caused by Taenia solium

larvae. Humans play the role of definitive host, but can also be
the intermediate host. In the latter case, infection in human
occurs when the parasite eggs are ingested via the faecal-oral
route, especially by ingesting contaminated food and water
(Garcia et al., 2003). The T. solium larvae can parasitize a vari-
ety of human tissues and organs, commonly the central nervous
system, causing serious health challenges including seizures
(Garcia and Del Brutto, 2003; Mahanty and Garcia, 2010; Raina
et al., 2012; Wu et al., 2013), intracranial hypertension and
hypophrenia when not treated. Cysticercosis is one of the
Neglected Tropical Diseases (NTDs), associated with poor
socio-economic status and public health conditions and listed as
an important global food-borne parasitic disease by the United
Nation’s Food and Agriculture Organization (FAO) and World
Health Organization (WHO), (Sheng & Yang, 2011; Trevisan et
al., 2017).

The disease is widespread and it remains a global public
health concern in many developing countries in Latin America,
sub-Saharan Africa and Asia (Flisser and Correa, 2010).
Neurocysticercosis (NCC is the most common outcome of cys-
ticercosis infection and the main cause of secondary epilepsy
(Tang et al., 2012; Xu, 2016; Gripper and Welburn, 2017).
Cysticercosis was once a disease with serious public health con-
cern in People’s Republic of China, but its endemicity has been
significantly controlled with the implementation of the national
parasitic diseases control programme. However, disease preva-
lence is still very high in western China despite control efforts.
Yunnan is one of the areas implicated with high cysticercosis
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incidence in China with prominent widespread infection. 
Cysticercosis was prioritized for effective prevention in the

country, following the first nationwide investigation of human
parasites infection in China. Taeniasis prevalence in Dali, Yunnan
Province decreased from 6.9% over 4.2% to 0.9% in 1987, 1988
and 1992, respectively. However, the prevalence in individual
villages could be as high as 28.3% (Gong et al., 1997). Another
study conducted a three-month survey of 436 people with para-
sitic infections in Pumi inhabited areas of Yunnan. Findings indi-
cated that 35.9% of sampled faeces contained T. solium eggs
(Zhang et al., 1991). Investigation of 3918 people using ELISA
in six counties of southern and western Yunnan between 1992
and 2000 revealed that 154 were positive for cysticercosis anti-
body with 3.93% seroprevalence rate (Tang et al., 2012). 

Results obtained from the National Survey on Distribution of
Human Parasites in China between 1988 and 1992 show that cys-
ticercosis was distributed in 27 provinces/autonomous
regions/municipalities across the country (Yu et al., 1994). In
addition, in the period 2001-2004, the Coordinating Office of the
National Survey on the Important Parasitic Diseases in China
(2005) found a higher rate of anti-cysticercosis antibody than the
national average (0.6%) in 10 provinces/autonomous
regions/municipalities, among them Shanxi Province with 3.4%
and Fujian Province with 2.0%. However, the disease has been
effectively controlled nationwide following continuous improve-
ment in the country’s development in the last decade. The preva-
lence is, however, still very high in western China, particularly in
the provinces of Yunnan and Sichuan. 

It was therefore decided to carry out an assessment of the
cysticercosis distribution by spatio-temporal analysis in Dali,
Yunnan Province based on database information of cysticercosis
registered patients in Dali Prefecture from 2000 to 2014. 

Materials and methods

Study area
The work was carried out in Dali Prefecture, which is located

in the western part of Yunnan Province with jurisdiction over
Dali City and 11 counties: Yangbi, Xiangyun, Binchuan, Midu,
Weishan, Nanjiang, Yongping, Yunlong, Eryuan, Jianchuan and
Heqing. Dali Prefecture comprises also a large number of town-
ships, including 11 ethnic ones (Zhang, 2017). 

Data Collection
Case investigation, data collection and sorting of information

were carried out between March 2017 and March 2018 at the
clinical department of Dali Prefectural Institute of Research and
Control on Schistosomiasis, Yunnan Province. The Institute
serves as reference center for the treatment of patients with para-
sitic diseases (including cysticercosis) in Dali and surrounding
areas (Zang et al., 2019). 

Cysticercosis cases considered in this study were selected
according to the diagnostic criteria given in “Diagnosis of cys-
ticercosis (standard number: WS381-2012)” issued by the
Ministry of Health for data collected between 2010 and 2014. In
addition to detailed long-term epidemiological data including
patient name, gender, age, and time of registration and address,
information on symptoms, radiographic and serological exami-

nation results were accessed. Preliminary screening was con-
ducted according to initial data based on available epidemiolog-
ical information and diagnosis were recorded for subsequent
analysis because patients with cysticercosis need to undergo a
standardized treatment schedule with several courses of clinical
treatment. 

According to the statistics code of the National Bureau of
Statistics, People’s Republic of China (2016), the names of the
counties in Dali Prefecture were extracted as the associated
fields, digital maps were matched. A geographic information
database of cysticercosis in Dali Prefecture was established,
including 15 years’ information which describes yearly distribu-
tion and hospitalization of cysticercosis patients. 

Spatio-temporal cluster analysis
In this study, Moran’s I (Mitchell, 2005) was used to evaluate

the global spatial autocorrelation of cysticercosis in Dali
Prefecture. The ArcGIS, v. 10.3 software (ESRI, Redlands, CA,
USA) was used to compute and analyze the space-time pattern of
the disease. The input feature was the number of hospitalizations
per 100,000 population, while the output features categories
included Moran’s I, z-score, p-value, and cluster/outlier (CO
type). Geographic coordinates (latitude and longitude) of the
cases’ address were extracted and SaTScan, v9.6 (Kulldorff,
2018) spatial scanning method was used to identify the spatial
aggregation of cysticercosis taking the number of people infected
per year into account. We processed data in Microsoft Excel 2013
in order to analyze the endemic status distribution and epidemio-
logical features of cysticercosis cases over the 15 years. Then,
these data were imported into ArcGIS and SaTScan to perform
both spatial and temporal analysis. Official shapefiles (.shp) for
Dali Prefecture were obtained from the National Institute of
Parasitic Diseases (NIPD) and Chinese Center for Disease
Control and prevention (China CDC).

Results

Endemic status 
Between 2000 and 2014, a total of 3,347 new cases were

diagnosed and registered in Dali Prefectural Institute of Research
and Control on Schistosomiasis as cysticercosis cases. The high-
est number of cases was recorded in 2008 with 282 cases and the
lowest in 2014 with 156 cases. Figure 1 shows the numbers of
registered cases between 2000 and 2014. These numbers were
generally >200 most of the time but there was an annual decline
in the numbers after 2012. Among these cases, there were 3,201
with NCC (95.6%, 3201/3347), 127 mixed type cysticercosis
(3.8%, 127/3347), 17 with cutaneous cysticercosis (0.5%,
17/3347) and two cases of tongue cysticercosis (0.1%, 2/3347).

Epidemiological features 
The number of reported diagnostic cases showed that 56.4%

(1887/3347) were male, there were more male patients than
females each year, and the most affected age group was the one
comprising the 0-14 years olds, which accounted for 27.2%
(Table 1). The Bai nationality accounted for 56.8% (1900/3347)
of all cysticercosis data obtained and farmers were the most sus-
ceptible (57.0%; 1908/3347), (Figures 2 and 3). The number of

                                                                                                                                Article
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farmer patients peaked in 2009 and declined thereafter, only
amounting to 100 cases in 2014. Student patients accounted for
28.3% (946/3347), with the number of patients in this group
decreasing year-by-year since 2001 reaching the lowest value (30
cases) in 2013. There were 193 (5.8%) preschool children and
136 (4.1%) officials.

Spatio-temporal distributions 
Figure 4 shows the distribution trend of cysticercosis cases

per 100,000 people in different townships in Dali from 2000 to
2014. Overall, the number of cases showed a decreasing trend
over the years. The number of hospitalized patients in Fengyi
Town was the highest of the townships with 11.7% (390/3347)
during the 15 years considered, while the highest number of hos-
pitalized cases per 100,000 population was 8.70 in 2006.
Applying Moran’s I, we found a state-wide, spatial autocorrela-
tion of cysticercosis in Dali Prefecture over the whole study peri-
od and an indication of annual spatial aggregation. The probabil-
ity of random occurrence was less than 0.01 and the distribution
presented an aggregation phenomenon (Table 2). Space-time
cluster analysis showed that the towns Fengyi and Xiaguan in the
centre of the main spatial cysticercosis cluster (Table 3, Figure
5). The total number cases in Dali during the 7-year period from
2000 to 2006 was 1,570, out of which 404 (25.7%) were hospi-
talized. Overall, the number of hospitalizations per 100,000 pop-
ulation showed a general, downward trend over the period. The
total number of hospitalizations between 2005 and 2011 was 490,
and the number of hospitalizations in Yousuo Town was 124
(25.3%). The total number of hospitalizations in the towns and
the cluster area was 63 (14.1%), i.e. 63 of the total hospitaliza-
tions (447) in the district between 2002 and 2008.

Hotspot analysis 
The hotspots were mainly concentrated mostly in Dali’s

towns in Eryuan and YangBi counties, then gradually extending
in to Jianchuan County including Shaxi, Diannan, Jinhua and
other regions as well as towns in Heqing County, such as Songgui
and Xiyi between 2000 and 2007. Moving westward to the town-
ships Guanping, Baishi, Jiancao and Changxin in Yunlong
County, the hotspot map shows that Eryuan County is always
within the hotspot area. It should be noted that all the above-men-
tioned towns have geographical borders with Eryuan County
(Figure 6).

                   Article

Table 1. Demographic features of cysticercosis cases reported 2000-2014.

Feature             2000    2001     2002     2003     2004     2005      2006       2007     2008    2009     2010       2011   2012    2013  2014   Total

By gender

Male                           109          141          126           107           113           142            141             129           155         156           125             137          99           111        96        1,887
Female                       96           102           87             82            100           111            113             102           127         118           101             115          95            51         60        1,460

By age group

0-14                             68            94             83             62             76             87              86               67             60           49             44                57           23            26         28          910
15-29                           59            70             64             56             44             69              54               75             75           72             78                56           55            28         33          888
30-44                           49            47             38             48             49             66              67               51             93           96             60                80           59            47         40          890
45-59                           26            29             26             24             25             20              37               31             42           45             36                49           43            46         35          514
＞60                            4              3               2               6              16             11              10                7              10            9               8                 10           14            15         20          145

Figure 1. Reported cysticercosis cases from 2000 to 2014.

Figure 2. Case distribution by ethnicity.

Figure 3. Case distribution by occupation.
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Figure 4. Number of hospitalized cases per 100,000 population in Dali, Yunnan Province in the period 2000-2014.
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Discussion
Analysis of the distribution characteristics of patients with

cysticercosis hospitalized at township level in Dali Prefecture
indicated that there were more cases in Dali City and the counties
of Eryuan and Yangbi. The towns Xiaguan, Fengyi and Yousuo
were implicated with high cysticercosis incidences. This indi-
cates that there are challenges with control effectiveness in some
rural areas which might be attributed to poor environmental san-
itation, poor breeding of pigs and slaughter management, incom-
plete sewage treatment facilities, low utilization rate of toilets in
the rural areas which makes cysticercosis a public health problem
in our study area. 

The Bai people accounts for about one-third of Dali popula-
tion, which makes them the major tribe. People of Bai origin
accounted for 56.8% of the patient population, which can be
attributed to their unique custom of eating raw pork. Similar find-
ings were earlier reported (Chen et al., 2007; Fang et al., 2009;
Yu et al., 2015). Ensuring strict food safety system and animal
quarantine can reduce infection greatly, but it cannot guarantee
absolute safety of the food, so residents living in cysticercosis
endemic areas need to be vigilant at all times. 

Farmers, also, account for the highest proportion of infection.
They are more likely to be exposed to infection risk factors from
raw vegetables, contaminated water and the poor environmental

sanitation and living conditions in the rural areas. The high repro-
ductive capacity of the tapeworm and the ability of the parasite’s
eggs to adapt and survive different environmental conditions
make people in areas with poor sanitation and hygiene more sus-
ceptible to cysticercosis infection (Zammarchi et al., 2013). 

Our findings using spatial and temporal distribution analysis
indicate ten towns where cysticercosis is concentrated in Dali
Prefecture, in particular Dali City, Eryuan County and Heqing
County. Cysticercosis epidemics in these areas are influenced by
a combination of environmental factors, such as poor living con-
ditions and the fact that the majority of the local residents are
farmers who are at a high risk of contact with parasite eggs. It is,
therefore, imperative that authorities develop a stratagem apply-
ing control measures to key populations and areas prone to clus-
ter development, conduct active case screening aimed at achiev-
ing early detection of cysticercosis cases through early diagnosis
and early treatment.

T. solium is transmission are closely related to human
behavioural factors. There is need to establish disease control and
surveillance units at the local level to persistently create aware-
ness using health education through different communication
platforms such as distribution of leaflets, use of bill boards in
strategic locations, media outlets and outreach. This would help
people to switch to a better hygiene culture and healthy lifestyle,
thereby reducing transmission and the risk of infection. 

                   Article

Table 3. Spatio-temporal clusters discovered.

Cluster type       Cluster time             Centre             Radius (km)                 Num-ber           Relative risk               P- value LLR*

Main                               2000-2006                       Fengyi                             8.64                                        2                                  5.34                                 ＜0.01 331.17
Minor 1                          2005-2011                      Yousuo                               0                                           1                                  5.78                                 ＜0.01 116.53
Minor 2                          2002-2008                       Taiping                           15.63                                       4                                  2.24                                 ＜0.01 16.06
*Log-likelihood ratio, LLR.

Figure 5. Spatio-temporal changes of cysticercosis distribution
over the period 2000-2014.

Table 2. Result of the correlation calculations.

Year               Moran’s I                         z-score              p-value

2000                            0.19                                            3.24                        ＜0.01
2001                            0.39                                            6.28                        ＜0.01
2002                            0.28                                            4.76                        ＜0.01
2003                            0.21                                            3.69                        ＜0.01
2004                            0.27                                            4.34                        ＜0.01
2005                            0.29                                            4.65                        ＜0.01
2006                            0.23                                            3.98                        ＜0.01
2007                            0.24                                            4.08                        ＜0.01
2008                            0.20                                            3.19                        ＜0.01
2009                            0.23                                            3.62                        ＜0.01
2010                            0.30                                            4.78                        ＜0.01
2011                            0.25                                            4.17                        ＜0.01
2012                            0.32                                            5.04                        ＜0.01
2013                            0.34                                            5.32                        ＜0.01
2014                            0.26                                            4.16                        ＜0.01
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Figure 6. Hotspot analysis. Results based on SaTScan and ArcGIS.
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Dali Prefecture received 38,494,400 visits in 2016, including
934,400 international tourists leading to the possibility of cys-
ticercosis spreading globally (Braae et al., 2017; Rodriguez-
Morales et al., 2017). Influence from local customs and food cul-
ture could lead to ingestion of infected raw meats and vegetables
by the tourists increases the risk for direct or indirect cysticerco-
sis transmission. Hence, it is necessary to work assiduously to
curtail cysticercosis transmission in key areas. 

We used the combination of spatial autocorrelation and clus-
ter analysis to define the distribution of cysticercosis in Dali
Prefecture. However, cysticercosis incidences considered in this
study are limited to cases documented in the clinical in-patient
department at the Dali Prefectural Institute of Research and
Control on Schistosomiasis. Also, the number of patients with
severe cysticercosis may erroneously appear to be reduced, while
the real issue could be limited availability of beds and treatment
regimes that can take a long time.

Although data from the National Ministry of Health sources
are reliable and persuasive, cysticercosis case reporting is not yet
standardized in China, which means that only a few areas are
delineated as endemic. China is, however, pursuing incorporating
cysticercosis into the disease reporting system database, which
will facilitate quality data management and also improve future
cysticercosis research.

Conclusions
This study explored the distribution characteristics of cys-

ticercosis cases in Dali Prefecture using spatial autocorrelation
and cluster analysis. We found that hotspots were mainly con-
centrated in the towns in Dali, Wuyuan and Yangbi counties. The
continued cysticercosis occurrences in these areas may be
attributed to poor environmental factors and unhealthy lifestyles
among population. It is, therefore, necessary to carry out cys-
ticercosis prevention and control measures, leveraging multi-
sectoral platforms such as medical promotion, food safety, ani-
mal quarantine, environmental protection and health education
in areas with high disease prevalence to reduce cysticercosis
burden. 
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