
Introduction

Schistosomiasis japonica is endemic in China and
must have been perceived as a public health prob-
lem there in ancient times (Jordan, 2000). The his-
torical evidence stems from the recovery of
Schistosoma japonicum eggs from the liver and rec-
tum of a well-preserved female corpse from the
Western Han Dynasty (206 B.C. - 24 A.D.) (Mao
and Shao, 1982; Zhou et al., 2005). However, it

was only in 1905 that S. japonicum was first
described in the literature, with parasite eggs iden-
tified in an 18-year-old Chinese male with dysen-
tery (Logan, 1905). Once it became clear that the
disease caused substantial social and economic
hardship (Mao, 1948; Maegraith, 1958; Chen and
Feng, 1999), a national control programme was ini-
tiated, shortly after the establishment of the
People’s Republic of China in 1949. Dedicated con-
trol activities over the past 50 years have reduced
the prevalence of human infections with S. japon-
icum by more than 90% (Utzinger et al., 2005;
Zhou et al., 2005). However in 2003, an estimated
850,000 people were still infected with an estimat-
ed S. japonicum with an estimated 65 million peo-
ple at risk (Zhou et al., 2005). There is considerable
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Abstract. Political and health sector reforms, along with demographic, environmental and socio-economic transforma-
tions in the face of global warming, could cause the re-emergence of schistosomiasis in areas where transmission has
been successfully interrupted and its emergence in previously non-endemic areas in China. In the present study, we used
geographic information systems and remote sensing techniques to predict potential habitats of Oncomelania hupensis,
the intermediate host snail of Schistosoma japonicum. Focussing on the Hongze, Baima and Gaoyou lakes in Jiangsu
province in eastern China, we developed a model using the normalized difference vegetation index, a tasseled-cap trans-
formed wetness index, and flooding areas to predict snail habitats at a small scale. Data were extracted from two
Landsat images, one taken during a typical dry year and the other obtained three years later during a flooding event.
An area of approximately 163.6 km2 was predicted as potential O. hupensis habitats around the three lakes, which
accounts for 4.3% of the estimated snail habitats in China. In turn, these predicted snail habitats are risk areas for
transmission of schistosomiasis, and hence illustrate the scale of the possible impact of climate change and other eco-
logical transformations. The generated risk map can be used by health policy makers to guide mitigation policies tar-
getting the possible spread of O. hupensis, and with the aim of containing the transmission of S. japonicum.
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Fig. 1. Study area in central Jiangsu province including South-to-North water transfer project. The shaded region indicates the
current schistosome-endemic area. Red line delineates the main route of the South-to-North water transfer project, with arrows
indicating the direction of water-flow.

concern that schistosomiasis might re-emerge, as
active transmission has been reported from areas
that had previously reached transmission interrup-
tion or transmission control (Liang et al., 2006).
Underlying reasons include political and health sec-
tor reforms, demographic, environmental and socio-
economic changes, and global warming (Bian et al.,
2004; Zhou et al., 2004, 2005; Utzinger et al.,
2005).

Oncomelania hupensis is the only intermediate
host snail of S. japonicum. In 2003, it was estimat-
ed that 3,787 km2 of land were infested with O.
hupensis, particularly in the marshlands surround-
ing the great lakes in southern China and the
Yangtze River basin (Zhou et al., 2005). The two
largest lakes in the middle reaches of the Yangtze
River are the Dongting Lake and Poyang Lake (Ross
et al., 2001; Guo et al., 2005; Zhou et al., 2005). It
has been speculated that some non-endemic marsh-
lands in the north of these lakes could become colo-
nized by O. hupensis due to climate change and
other ecological transformations (Yang et al.,

2005a). For example, Hongze, Baima and Gaoyou
lakes, situated north of the Yangtze River basin in
the transition zone between warm temperate and
sub-tropical climate zones, are potential risk areas
for schistosomiasis. Snails might colonize the non-
endemic Hongze and Baima lakes, and might re-
emerge in Gaoyou Lake from where they were elim-
inated many years ago. 

In one of our previous studies we documented
that the average January temperature in China
increased considerably over the past 30 years (Yang
et al., 2005a). Since Hongze and Baima lakes are
both in the predicted at-risk area of colonization
with O. hupensis, there is concern that schistosomi-
asis might become a public health problem there.
Implementation of the South-to-North water trans-
fer project, the second largest water-resource devel-
opment project in China (http://www.nsbd.
mwr.gov.cn/), could result in a wider distribution of
snails by enlarging the wetlands and enabling direct
snail transfers from the infested Yangtze River to
Gaoyou, Baima and Hongze lakes. 
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In the study presented here, we used geographic
information system (GIS), remote sensing tech-
niques and a modelling approach to predict the
potential habitats of O. hupensis around Hongze,
Baima and Gaoyou lakes. Remotely-sensed environ-
mental data included a surrogate vegetation index,
the Tasseled-cap transformed wetness index, and
information about flooding to predict snail habitats
at a small scale. 

Materials and methods

Study area and satellite imagery

The study area is located in central Jiangsu
province, eastern China, and focuses on three lakes,
namely Gaoyou, Baima and Hongze (Fig. 1). Also
depicted on this figure is the main route of the
South-to-North water transfer project, with arrows
indicating the direction of water-flow. 

Two Landsat TM images were purchased from
China Remote Sensing Ground Station (Beijing,
China). The first image was taken on 16 September
2000, representing a typical dry year. The second
image was obtained on 19 October 2003, which
coincided with a flooding event. The images covered
the regions stretching from 32º5´N to 34º4´N lati-
tude and from 118º4´E to 119º7´E longitude. The
spatial resolution of each image is about 30 x 30 m. 

Satellite imagery analyses were performed in
ENVI version 4.0 software (Boulder, CO, USA) and
the following procedures were carried out: (i) geo-
referencing, (ii) classification for presence of water
or land, (iii) extraction of the normalized difference
vegetation index (NDVI) and the Tasseled-cap
transformed wetness index. The results were then
validated by ground truthing with historical snail
data in a part of the study area.

Georeferencing 

The two images were georeferenced by attributing
20-30 readily distinguishable and known coordinate

locations in the reference layer to the images (e.g.
road crossings and banks of water bodies).
Following the georeferencing process, the coordi-
nate system of the two images was adjusted to
WGS_1984_UTM_Zone_50N.

Image classification 

The images were classified by using an unsuper-
vised classification approach (ENVI, 2003), and all
sorted image pixels were grouped into seven cate-
gories according to their spectral values, by means
of a cluster analysis algorithm without any user-
defined training classes. Subsequently, the images
were sorted into two broad categories, namely (i)
water, and (ii) land.

The two classified images were then overlaid by
subtraction, and we created a composite image with
three classes as detailed in Box 1.

In the year 2000 image, both NDVI and the
Tasseled-cap transformed wetness index were
grouped into three classes as summarized in Box 2. 

Box 1. Composite image classification

- Composite_1: water surface identified on both images
(dry and wet year) 

- Composite_2: regions with water identified during a flooding
event and land during the dry year

- Composite_3: land identified on both images (dry and wet
year)

Box 2. Dry year image classification

Normalized difference vegetation index (NDVI)

- NDVI_1: regions with water 
- NDVI_2: regions with lowest category (out of three

categories) of NDVI value
- NDVI_3: regions with highest category (out of three

categories) of NDVI value

Tasseled-cap transformed wetness index

- Wetness_1: regions with water
- Wetness_2: regions with highest category (out of three cat-

egories) of soil moisture
- Wetness_3: regions with lowest category (out of three cat-

egories) of soil moisture
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Fig. 2. Potential snail habitats (in red) around Hongze, Baima and Gaoyou lakes in central Jiangsu province, eastern China.

The regions classified as NDVI_3, Wetness_2 and
Composite_2 were considered as potential snail habitats.

Validation 

Validation of the model prediction was only feasi-
ble for the Gaoyou Lake area, where we used ground
truth data derived from historical snail records.
According to records from the Ministry of Health,
O. hupensis habitats had been eliminated in the
Gaoyou area in the early 1990s (MOH, 2000).
Hongze and Baima lakes are not yet infested with
O. hupensis, and hence precluding model validation.

Results

The predicted O. hupensis habitats around the
three lakes are depicted in Fig. 2. The red colour
corresponds to intermittently flooded areas cov-
ered by grass and where soil moisture is high. A
total of 181,789 pixels were predicted as potential
O. hupensis habitats, which correspond to a sur-
face of approximately 163.6 km2, given the spatial

resolution of the Landsat images used. There were
94,684 pixels or about 85.2 km2 of potential snail
habitats around Hongze and Baima lakes, and a
total of 87,105 pixels, corresponding to 78.4 km2

of potential snail habitats, around Gaoyou Lake.
The values of the NDVI and the Tasseled-cap

transformed wetness index in these predicted snail
habitats ranged from 0 to 4.9 and from -41 to -3,
respectively. They are summarized in Table 1, along
with ranges put forth by other research groups
focussing on prediction of risk areas for O. hupen-
sis in other parts of China.

Validation of our predicted snail habitats in the
Gaoyou Lake area, using historical snail survey
data, revealed that all former snail habitats around
this lake were correctly predicted by our model. 

Discussion

There is little doubt that the unusual warming
trend observed over the past 30 years is - at least
partially - attributable to human activities, namely
the increased greenhouse gas emissions (IPCC,
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2001; Murphy et al., 2004; McMichael et al.,
2006). The Earth has warmed by approximately
0.6°C over the last century according to systematic
climate records available since 150 years. The
increase in the globally averaged temperature has
been particularly pronounced during the last three
decades, amounting to 0.5°C (IPCC, 2001). New
analyses suggest that climate change is responsible
for over 150,000 deaths per year and a global bur-
den of approximately five million disability adjusted
life years lost annually (Hunter, 2003; WHO, 2003;
Sutherst, 2004; Haines et al., 2006). In China, the
averaged January temperature increased by 0.96°C
between the 1960s and the 1990s. In some areas of
north-eastern China, the mean January temperature
increased by as much as 3.0°C (Yang et al., 2005a). 

The distribution of O. hupensis is restricted to
the southern parts of China. Historical records sug-
gest that this distribution is governed by the mean
January temperature; snails only occur where the
mean January temperature is higher than 0°C (Zhou
et al., 2002b). In the face of global warming, the
January isotherm belt of 0-1°C is shifting north-

wards. We have estimated that over the past 30
years it might have shifted 26´ north, corresponding
to 40 km (Yang et al., 2005a). Thus, it is conceiv-
able that new areas will become suitable habitats for
O. hupensis, when considering temperature as a
key ecological feature. Importantly, both Hongze
and Baima lakes are located in this new potential
area where snails could proliferate, whereas the
mean January temperature in the Gaoyou Lake area
provided suitable conditions for snails already
before. In view of a large water-resource develop-
ment project underway, i.e. the South-to-North
water transfer project, O. hupensis could spread
into this area and (re)colonize. 

The distribution of O. hupensis, which is an
amphibious snail, in areas where January tempera-
tures allow survival are governed by a number of
other factors that act at a micro-environmental
scale. These factors include annual water fluctua-
tions, dense vegetation cover and high soil moisture
(Mao, 1990). The current study used three environ-
mental features which have previously proved useful
to identify potential snail habitats, i.e. flooded

Table 1. Remotely-sensed environmental features (normalized difference vegetation index, NDVI; second modified soil-adjust-
ed vegetation index, MSAVI2; Tasseled-cap transformed wetness index) derived from satellite images by different research
groups for prediction of O. hupensis habitats.
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Author
(year)

Lin et al. 
(2002)

Zhou et al.
(2002a)

Guo et al. 
(2005)

Zhang et al.
(2005)

Yang et al.
(2006)

Vegetation index value of 
snail habitats

Wetness index
value of snail
habitats

-

-

-

-88 to 48

-0.23 to -0.152

-41 to -3

Image data
transformation

Digital number

Digital number

Digital number

Digital number

Atmospheric 
correction

Digital number

Application area

Poyang Lake, Jiangxi
province

Poyang Lake, Jiangxi
province

Lower Yantze River
basin, Jiangsu province

Poyang Lake, Jiangxi
province

Jiangning county,
Jiangsu province

Hongze, Baima and
Gaoyou lakes, Jiangsu
province

Image archiving time

Flooding: 25 August, 1998
Dry season: 26 April 1999

Flooding: 25 August 1998
Dry season: 4 April 1999

Flooding: 8 August 1998
Dry season: 5 May 1999

Wet season: 25 August 1998
Dry season: 16 April 2000

11 November 2000

Dry season: 16 September 2000
Flooding: 19 October 2003

NDVI 

6 highest classes 
out of 25 classes

6 highest classes 
out of 25 classes

6 highest classes 
out of 15 classes

108 to 139

-

0 to 4.9

MSAVI2

-

-

-

-

0.222 to 0.41

-



region, NDVI and the Tasseled-cap transformed
wetness index. The NDVI quantifies the density of
green vegetation. The second modified soil-adjusted
vegetation index (MSAVI2) is another means to
quantify vegetation density by accounting for the
differences in soil background (Qi, 1994). The
Tasseled-cap transformation is one of the available
methods for enhancing spectral information content
of Landsat TM data. One of the bands derived from
a Tasseled-cap transformation is wetness, which
estimates the interrelationship of soil and canopy
moisture (Crist and Cicone, 1984). The Hongze,
Baima and Gaoyou lake areas act as flood buffers
for the Huai River during the rainy season. The
water level fluctuations between the dry and rainy
seasons are among the predominant factors deter-
mining O. hupensis survival. The existence of grass
is another indicator that has been used traditionally
for snail surveillance by China’s national schistoso-
miasis control programme. 

The successful prediction of potential snail habi-
tats in the lake and marshland regions of China by
using GIS and remote sensing techniques has been
widely documented (Lin et al., 2002; Zhou et al.,
2002a; Guo et al., 2005; Zhang et al., 2005), and
was reviewed recently (Yang et al., 2005b). Most of
the previous studies used two Landsat images corre-
sponding to wet and dry seasons. The regions where
flooding occurred were extracted, usually accompa-
nied by the extraction of vegetation and wetness
indices, for subsequent prediction of snail habitats.
The different ranges for these environmental fea-
tures, as obtained by different research groups, are
summarized in Table 1. Most studies used the
NDVI, or MSAVI2, coupled with a Tasseled-cap
transformed wetness index (Crist and Cicone,
1984), as these features are relevant for snail sur-
vival (Guo et al., 2005; Zhang et al., 2005).
Interestingly, the studies reported slightly different
ranges for the vegetation and wetness indices with-
in the predicted snail habitats, depending on the
time of the year and the spatial location the images
were taken from. In addition, there were slight dif-
ferences in data processing techniques to obtain the

vegetation index and the Tasseled-cap transformed
wetness index, which might explain some of the dif-
ferences in the ranges of these indices. For example,
there are two Tasseled-cap transformations applied
on TM images, one is based on raw image data or
digital number, while the other arises from a
reflectance factor analysis. The latter takes into
account atmospheric effects. Furthermore, the stud-
ies were carried out in different regions with distinct
environmental characteristics, which may have
influenced the ranges of the vegetation and the wet-
ness indices. Other studies categorised the two
indices and assumed that the regions with the high-
est category were at the highest risk for occurrence
of O. hupensis (Lin et al., 2002; Zhou et al.,
2002a). Considering the above mentioned points
and the fact that limited field data is available for
validation, we defined the highest index categories
as the high risk areas for snail proliferation in the
present study.

In previous work, validation with ground truth
data was performed only in those areas where snails
were predicted. All models represented high sensi-
tivity, especially when applied at medium- and
large-sized areas of marshlands (Lin et al., 2002;
Zhou et al., 2002a; Guo et al., 2005; Zhang et al.,
2005). However, none of these studies assessed the
specificity since the models were not validated for
those regions predicted as snail-free. Owing to the
absence of ground truth data in two of the three
lakes of the current study area (the historical
records suggest that O. hupensis was absent from
the Hongze and Baima lake areas), we were not able
to assess neither the sensitivity nor the specificity of
our model. 

It has been suggested that an early warning sys-
tem should be set up in China to monitor subtle
changes in intermediate host snail habitats due to
global warming and other natural or man-made
ecological transformations (Zhou et al., 2002b).
GIS and remote sensing provide a means to map,
predict and monitor disease trends, including the
dynamics of vectors and intermediate hosts. In
addition, these techniques allow the development of
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models that can be used to predict changes in disease
patterns. In this study, we have identified approxi-
mately 163.6 km2 of potential new O. hupensis habi-
tats in the vicinity of Hongze, Baima and Gaoyou
lakes, which account for 4.3% of the total snail
habitats in China. The generated risk map illustrates
the scale of the possible impact of global warming
and other ecological transformations on the distri-
bution of  O. hupensis, and is useful to inform mit-
igation policies to avoid the possible spread of inter-
mediate host snails, and hence schistosomiasis
japonica.
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