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Abstract: With the strategy shifting from morbidity control to transmission interruption,
the burden of schistosomiasis in China has been declining over the past decade. However,
further controls of the epidemic in the lake and marshland regions remain a challenge.
Prevalence data at county level were obtained from the provincial surveillance system in
Anhui during 1997-2010. Spatial autocorrelation analysis and spatial scan statistics were
combined to assess the spatial pattern of schistosomiasis. The spatial-temporal cluster
analysis based on retrospective space-time scan statistics was further used to detect risk
clusters. The Global Moran’s | coefficients were mostly statistically significant during
1997-2004 but not significant during 2005-2010. The clusters detected by two spatial cluster
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methods occurred in Nanling, Tongling, Qingyang and Wuhu during 1997-2004, and Guichi
and Wuhu from 2005 to 2010, respectively. Spatial-temporal cluster analysis revealed 2 main
clusters, namely Nanling (1999-2002) and Guichi (2005-2008). The clustering regions were
significantly narrowed while the spatial extent became scattered during the study period.
The high-risk areas shifted from the low reaches of the Yangtze River to the upper stream,
suggesting the focus of schistosomiasis control should be shifted accordingly and priority
should be given to the snail habitats within the high-risk areas of schistosomiasis.
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1. Introduction

Schistosomiasis is a waterborne parasitic disease, which is prevalent in tropical and subtropical areas
of the world [1] and 80% of the victims are from sub-Saharan Africa [2]. Among the major parasitic
diseases, schistosomiasis is the second most serious one from the perspective of public health,
only behind malaria [3]. By 2012, at least 240 million people were infected and almost 700 million
people living in the endemic areas were at risk [4]. According to the Global Burden of Disease Study
2010 (GBD 2010), the global burden of schistosomiasis was estimated at 3.31 (95% confidence interval:
1.70-6.26) million disability-adjusted life years (DALY's) [5]. Therefore, the situation of schistosomiasis
remains serious.

In China, the critical schistosome species responsible for humans and cattle infections is
Schistosoma japonicum [6] and its history is more than 2000 years [7,8]. The endemic areas of
schistosomiasis are categorized into three types [9-11]: (1) the lake and marshland regions; (2) plain
regions with waterway networks; and (3) hilly and mountainous regions, where 82% of human cases
were reported from the type (1) areas [12]. The Chinese government has been paying a high amount of
attention to the control of schistosomiasis, and a multitude of control programs have been implemented
over the past 60 years [8,13,14]. The latest two control programs at the national level were the World
Bank Loan Project (WBLP) that started from 1992 to 2001 [15], which mainly emphasized
praziquantel-based morbidity control on humans and domestic animals [16], and the integrated control
program implemented since 2005, which emphasized infection source control [17]. The disease burden,
therefore, has been decreased significantly, and the disease transmission has been blocked in many areas
that were previously endemic [8,16,18]. However, in some settings, the control of S. japonicum remains
a challenge, i.e., along the middle and lower reaches of the Yangtze River, where Anhui Province is a
typical case [8,18-21]. Water level is the key influencing factor [22] causing S. japonicum to resurge in some
areas, even in previously controlled or eliminated areas [19,23-25]. Hence, monitoring the spatial changes
of schistosomiasis risk is very important for understanding the current situation and making the right
control strategies.

With a rapid development of the geographical information systems (GIS), remote sensing (RS)
and spatial statistics, an increasing number of public health problems have been analyzed using these
methods [26—29]. Presenting the spatial distribution of a disease with a time sequence from a spatial
perspective makes it easy to understand the risk variations of the disease while the spatial-temporal
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analysis of disease risk is helpful for predicting future epidemics [30]. In this study, statistics of cluster
detection were employed to identify the clustering of schistosomiasis in Anhui Province. Firstly,
the spatial risk of schistosomiasis was analyzed using the Moran’s | spatial autocorrelation statistics and
SatScan statistics. Secondly, a spatial-temporal analysis was conducted to identify the risk distribution
and to understand the risk variation of schistosomiasis over space and time. Finally, the potential
implications of the findings were discussed.

2. Experimental Section
2.1. Study Area

Anhui Province covers an area of approximately 139,000 km? with a population of 60.83 million
(2014), flowing through the lower reaches of the Yangtze River (Figure 1). The climate of southern
Anhui Province is humid subtropical monsoon, which is ideal for the survival of O. hupensis. Hence,
it was, historically, one of the most serious endemic areas of S. japonicum in China [31].

a “_ Yangtze River

E County

0 75 150 300
KM

Figure 1. Location of Anhui Province, China. The maps were created using the ArcGIS 10.0
software (ESRI Inc., Redlands, CA, USA).
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2.2. Schistosomiasis Prevalence Data

The county-level epidemiological data on schistosomiasis from 1997 to 2010 were provided by the
Anhui Institute of Schistosomiasis Prevention and Control. Annual surveys on schistosomiasis were
carried out in each village during the study period with the data reported to the townships and finally
aggregated at the county level. Individuals aged 5 to 65 years were invited to participate in the survey.
All participants were screened for S. japonicum-specific immunoglobulin G by using an Indirect
Hemagglutination Assay (IHA) test [32]. Seropositive individuals were further tested by the Kato-Katz
technique [33]. Residents that were positive for both a serological test and a fecal parasitological test
were defined as being infected.

2.3. Ethics Statement

The study protocol was approved by the Ethics Committee of Fudan University (ID: IRB#2011-03-0295).
Written informed consent was also obtained from all participants.

2.4. Statistical Analysis

Firstly, a descriptive statistical analysis was carried out to provide some basic statistics in regard to
the prevalence of schistosomiasis using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA).

Secondly, a spatial autocorrelation analysis was executed using ArcGIS 10.0 software (ESRI Inc.,
Redlands, CA, USA), to determine whether the pattern of schistosomiasis was clustered, dispersed,
or random [34]. Global Moran’s | statistics were used to test whether the global spatial autocorrelation
of schistosomiasis cases existed in each year while local Moran’s | statistics [35] were used to detect the
location of the clusters of schistosomiasis. The way to measure the spatial relationships (i.e., spatial
weight matrix) for both global and local Moran’s | is that, if two counties share a common border,
the weight element equals 1 and 0, otherwise.

Thirdly, Kulldorff’s scan statistics [36] were employed to detect not only the spatial but also the
space-time clustering of schistosomiasis using the SatScan 8.0 software (Kulldorff and Information
Management Services, Inc., Boston, MA, USA). To detect the high-risk spatial clusters of cases,
the statistics use a moving circular window scanning the study area, and the maximum size of which is
no more than 50% of the total population. The relative risk (RR) was determined through comparing
observed and expected case numbers inside and outside the scan window to detect clusters [27].
The p-value for each cluster is obtained by Monte Carlo hypothesis testing. Compared to the spatial scan
statistics, the spatial-temporal scan statistics uses a cylinder-shaped scanning window.
The bottom of the cylinder corresponds with spatial units, and the height corresponds with a certain time
range. The scanning radius of the window both in the population at risk and study periods was set to
30% in this study. The analysis was carried out using the Poisson probability model, and 999 Monte
Carlo replications were used to test the significance.

3. Results

The median prevalence increased from 0.88/10,000 in 1997 to 6.63/10,000 in 2003, and then
decreased to 0.91/10,000 in 2010 (Figure 2). Figure 3 shows that there were more areas with a high
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prevalence (>15/10,000) in 1997-2004 than in 2005-2010. Nanling County (1997-2004),
Guichi County and Wuhu County (2005-2010) had a prevalence of >55/10,000, and these counties were
along the middle and lower reaches of the Yangtze River. The annual global Moran’s | was statistically
significant only before 2004.
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Figure 2. The prevalence (cases/10,000) trend of schistosomiasis and its global spatial
autocorrelation, Anhui Province during 1997-2010. The black spot represented the median
prevalence of schistosomiasis; the vertical line represented the interquartile range (IQR);
I: the Global Moran’s I; *: p < 0.05 (p-value for the Global Moran’s ).
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Figure 3. Annual prevalence of schistosomiasis at county level during 1997-2010.
The maps were created using the ArcGIS 10.0 software (ESRI Inc., Redlands, CA, USA).
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As shown in Figure 4, spatial clusters were detected by both the local Moran’s | test and the
Kulldorff’s spatial scan statistics. During 1997-2004, the local Moran’s | identified seven high-high
counties, with an annual number ranging from 0 (in 2000) to 3 (in 1997-1998, 2001 and 2003—-2004)
and one high-low county (in 2002), and the median annual prevalence of the high-high counties was
72 (IQR = 42-96) cases per 10,000. The spatial scan method identified 14 significant spatial clusters
during 1997-2004 (eight most likely clusters and six secondary likely clusters), with an annual number
ranging from 1 (in 1998, and 2003-2004) to 3 (in 2002). The median number of counties included in
each cluster was one (IQR = 1-5). During 2005-2010, the local Moran’s | identified two high-high
counties, with an annual number ranging from 0 (in 2005) to 1 (in 2006-2007 and 2010) and one
high-low county (in 2008-2010), and the median annual prevalence within these counties was
96 (IQR = 37.5-115.25) cases per 10,000. The Kuldorff’s spatial scan statistics identified
13 significant spatial clusters altogether (six most likely clusters and seven secondary likely clusters),
with an annual number ranging from two (in 2006-2010) to three (in 2005); the median number of
counties contained within a cluster was one (IQR = 1-1). Over the whole study period, almost 70% of
the high-risk counties identified with the local Moran’s | were included in clusters detected by SaTScan
and 29% of the SaTScan clusters encompassed high-high counties and high-low counties.

4. Discussion

Anhui Province was one of the most serious schistosomiasis-endemic provinces in the five lake and
marshland regions [37]. In this study, we have investigated the spatial clusters of schistosomiasis in the
endemic region of Anhui Province from 1997 to 2010 to explore its spatial dynamic change based on
the county-level prevalence data.

In our study, we found that the overall prevalence of schistosomiasis maintained at a low level,
but with fluctuations. As shown in Figure 2, the median prevalence as well as IQR increased during
1997-2000, which may relate to the flood in 1998 [38]. After the flood, infected individuals would have
an incubation period to become infectious, which led to the delayed effect of flooding [39].
Schistosomiasis occurrence became more apparent three years after flooding. In 2001, the median
prevalence clearly was reduced at the end of the WBLP. However, from 2001 to 2003, the data showed
that schistosomiasis rebounded shortly after the termination of the WBLP, which also was found in
other studies [25,40]. There were more areas inhabited by infected O. hupensis and acute human
schistosomiasis cases were detected again in some areas [41], suggesting that the WBLP strategy might
not have a long-term sustainable effect on controlling schistosomiasis and the possible reasons were the
current low endemic levels of infection and the decline of drug compliance rate [18,42,43].
During 2004-2010, the prevalence showed a declining trend, which might have resulted from an integrated
control strategy. These findings were consistent with previous studies conducted in Jiangsu and Hubei
provinces [17,41].
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Figure 4. Annual spatial clusters of schistosomiasis during 1997-2010. Each panel shows
the results of both methods for each year, the Anselin’s local Moran’s | test and the
Kulldorff’s spatial scan statistics. The maps were created using the ArcGIS 10.0 software
(ESRI Inc., Redlands, CA, USA).
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Figure 5. Location of spatial-temporal clustering. The maps were created using the ArcGIS
10.0 software (ESRI Inc., Redlands, CA, USA).

The global Moran’s | coefficients were statistically significant during 1997-2004 but not significant
during 2005-2010, suggesting that the spatial distribution of the disease changed from a clustered pattern to
a scattered one. The implementation of the integrated control strategy might reduce the burden of disease.
Furthermore, some years (1998 and 2008, 2000 and 2003) had a similar prevalence but very different spatial
distribution, indicating the importance of studying schistosomiasis risk from a spatial perspective.

We used both local Moran’s | statistics and Kulldorff’s scan statistics in the current study.
Local Moran’s | statistics is a method for measuring the spatial autocorrelation of spatial unit and its
neighbors. The choice of spatial weight describing the spatial relation of neighbors is subjective,
which might lead to lack of certain stability and reliability [44]. Kulldorff’s spatial scan statistics,
on the other hand, is a method comparing observed and expected case numbers inside and outside a
scanning window. The shape of the moving window needs to be pre-specified while the spatial unit tends
to be irregular and complicated in reality. Consistent findings using more than one spatial method
suggested robust results [45].

The risk of schistosomiasis, was dramatically reduced from 1997-2004 to 2005-2010. We detected
disease clusters in Nanling, Tongling, Qingyang and Wuhu during 1997-2004, and Guichi and Wuhu
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from 2005 to 2010, respectively. The number of counties within clusters decreased from four to two,
but the spatial extent became scattered (as shown in Figure 4) during the two parts of the study period.
This pattern might indicate that the integrated control strategy was effective to reduce the risk of
schistosomiasis since 2005, conforming to other studies [41,46]. It is well known that the transmission
of S. japonicum is strongly associated with the distribution of O. hupensis—the intermediate host of
schistosome [47]. The scattered clusters of schistosomiasis may reflect the dispersed distribution of
snail habitats to some extent [48]. Several factors have been suggested as underlying causes of this
scattered pattern on snail habitats, including development of roads or highways [49] and ecosystem
changes (such as conceding the land to forestry [48], and regular flooding [50]).

Implementation of an effective and sustainable strategy in endemic areas is of great importance in
the control of schistosomiasis. Chemotherapy with praziquantel is still one of the main strategies in
China’s National Schistosomiasis Control Program since 1980s [51], but the use of praziquantel for
humans and domestic animals has been only temporarily effective [43]. Once the chemotherapeutic
measure stopped or even just its coverage rate decreased, the prevalence of schistosomiasis would grow
again [18]. Hence, the chemotherapy-based control strategy was no longer an ideal method for current
low density of infected snails and reduced financial resources [9].

The integrated control strategy mainly focuses on interrupting the snail infection of eggs from
cattle or human feces to block the life cycle of schistosomiasis, but the difficulty is that more than
40 mammalian animals could serve as its definite hosts [51]. Since the amphibious snail is the sole
intermediate host of S. japonicum, controlling snails is central to the control of schistosomiasis [52].
The strategy of snail control with environmental modification and mollusciciding is more effective in
low-prevalence areas, for which it is important to identity the hotspots of transmission sites for precise
targeted control.

In addition, our spatial-temporal cluster analysis revealed two main clusters, namely Nanling
(1999-2002) and Guichi (2005-2008). The spatial clustering of the disease shifted from the low reaches
of the Yangtze River to the upper stream. The areas within the upper stream of Yangtze River in Anhui
should be targeted for effective the control of schistosomiasis.

5. Conclusions

The prevalence of schistosomiasis was dramatically reduced over the study period and remained at a
low level in recent years. Two main clusters were found, namely Nanling County (1999-2002) and
Guichi County (2005-2008), with a tendency of shifting from the low reaches of the Yangtze River to
the upper stream. The overall clustering regions had a tendency of narrowing, but the spatial extent
tended to be scattered, suggesting that the snail habitats within clustering regions of schistosomiasis must
be targeted for further intervention.
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