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Abstract 

Schistosomiasis is a major healthy problem in China, which is one of most badly 
suffered four countries in the world, and Schistosoma japonicum infection is prevalent 
in China. In addition, the snail is the only intermediate snail host of Schistosoma 
japonicum. Therefore, elimination of snail is an important measure that controls and 
eliminates schistosomiasis. 

In order to find out the distribution of snail ,control and monitor the epidemic 
situation, the snail situation of epidemic disease area has been investigated and 
researched annually, and a mass of snail ecology researches have also been taken by 
prevention and cure organization of schistosomiasis. However, investigating snail by 
traditional manual manner has its limitation and large number of manpower and 
material resources are used. Due to the fact that schistosomiasis and snail have close 
relationship with environment such as vegetation, soil humidity, temperature, altitude, 
hydrology and so on, remote sensing technology can be applied in monitoring these 
factors, accordingly in monitoring snail. 

Present distribution of schistosomiasis in the world, especially in China, is briefly 
introduced in this paper and the growth characteristic of Schistosoma japonicum and 
snail breed area are also analyzed. Then the feasibility of using RS technology to 
monitor snail is expounded and the various specialities of RS reacting differently on 
monitoring snail breed area is emphatically discussed. GIS, GPS and RS technologies 
used in schistosomiasis research are discussed, including high speed and real time of 
obtaining and processing the RS data, high accuracy and quantification of application. 
In this way, all kinds of information with surface features could be provided at real 
time. And it provides a new measure that fleetly confirms the location, the acreage and 
the spread trend of snail growth. The existing deficiencies are analyzed in the paper. At 
last, it probes into the development trend of the research. 

The paper points out exploiting a new prophylactic strategy turning passiveness to 
active position by combining the application of 3S(RS/GIS/GPS) new technology and 
the routine work of the check of snail and schistosomiasis. That is to say, exploit a 
policy of preventing schistosomiasis with the kernel of environment adjustment or 
environment control.  
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system(GIS); global position system(GPS); 3S technology 
1. Introduction 

At present, six major tropical diseases to which World Health Organization 
(WHO) pays great attention include malaria, schistosomiasis, filariasis, leishmaniasis, 
trypanosomiasis and leprosy. Above diseases, except leprosy, are parasitic diseases.  

In the humanity parasitic disease, considering the social economy and the public 
healthy importance as it stands, schistosomiasis is the second important tropic disease 



inferior to malaria. The distribution of schistosomiasis spreads 76 countries and area in 
Asia, Africa and Latin America (Figure 1 [1]).  It is estimated that 600million 
populations are menaced, 194million and 700thousand populations are infected [2]. 

Figure 1  global distribution of schistosomiasis 

 
The major forms of human schistosomiasis are caused by 5 species of flatworm, or 

blood flukes, called schistosomes. (1) Urinary schistosomiasis, caused by Schistosoma 
haematobium, is endemic in 54 countries in Africa and the Eastern Mediterranean. (2) 
Intestinal schistosomiasis, caused by the mansoni worm, occurs in 53 countries in 
Africa, the Eastern Mediterranean, the Caribbean and South America. In 41 countries, 
both parasites are endemic. (3) Another form of intestinal schistosomiasis caused by S. 
intercalatum has been reported in 10 central African countries. (4) Oriental or Asiatic 
intestinal schistosomiasis, caused by the S. japonicum group of parasites (including S. 
mekongi in the Mekong river basin), is endemic in 7 countries in the South-East Asia 
and the Western Pacific region [2]. 

Schistosomiasis is a major healthy problem in developing countries, and spreads 
widely and hurts badly. China is one of most badly suffered four countries in the world, 
and Schistosoma japonicum infection is prevalent in China. China represents the 
largest endemic area of Schistosoma japonicum infection in the world [3]. 
Schistosomiasis has a long history in China, a great deal of schistosome eggs has been 
checked in female corpse excavated form MaWangdui tomb in ChangSha city and 
male corpse excavated from JiangLing in HuBei province, both of whom died in West 
Han dynasty. This is the earliest proof of Schistosoma japonicum infection living on 
human body in the world up to now. In China Schistosomiasis occurs in 413 cities and 
counties in 12 provinces which lie around or south beside the Yangtze River valley, 
including HuBei, HuNan, JiangXi, AnHui, JangShu, ZheJiang, YunNan, SiChuan, 
FuJian, GuangDdong, GuangXi, ShangHai and so on. The available oncomelania snail 
area reach 14,000,000,000 square meters, 11,610,000 people has infected and one 
hundred million of people are menaced by Schistosomiasis in endemic area [4]. 
Through the effective prevention and cure in 50 years, the spread of Schistosomiasis in 



5 provinces (city, municipality) include Guangdong, Shanghai, Fujian, Guangxi, 
Zhejiang had been interdicted until 2002. However, the 7 provinces (city, borough) and 
10 counties haven’t control yet, mainly distributing in difficult to control regions as the 
beach of rivers and lakes regions (5 provinces in Hunan, Hubei, Jiangxi, Anhui, 
Jiangsu) and unpopulated mountainous areas with undeveloped economy and complex 
environment(Sichuan, Yunnan) [5]. 
2. The relationship of Schistosoma japonicum and Oncomelania snail 

The complete life history of the Schistosoma japonicum is a great circulation 
between person or other mammals and nature environment with the oncomelania 
(Figure 2). Eggs of schistosome, excreted in faeces from an infected person, break 
open on reaching water, releasing a tiny parasite (a miracidium), in search of an 
oncomelania in which it can develop further. Once it has penetrated the snail, the 
parasite divides many times until thousands of new forms (cercariae) break out of the 
snail into the water. The cercariae floats on the surfer of water and waits for a chance to 
get in person or mammals body and grows to the imago. The imago produces eggs in 
the walls of the blood vessels lining the intestines of person or mammals. Eggs of 
schistosome are excreted with faeces. Then the cycle starts again [6]. Thus it can be 
seen that in the life history of the Schistosoma japonicum involves two hosts: the 
person or mammals with imago autoeciousness is the final host; the snail is the 
intermediate host. The final host of Schistosoma japonicum is extensive, which could 
be almost all mammal. But the intermediate host chose strictly, oncomelania is only [7]. 

Figure 1  the complete life history of the Schistosoma japonicum 

 
According to the prevalent type of schistosomiasis and the breeding ground of 

intermediate host, the endemic areas of schistosomiasis in China can be divided into 
three types, which are massif regions, waterway network regions and swamp and lake 
regions. The distributing of schistosomiasis is the same with the oncomelania, both 



have strict local characteristic. The inquisition data explains that any place which 
exists the schistosomiasis, is surely the snail-borne, and schistosomiasis can’t be 
spread in the place without snail despite the existence of infectors (sufferer import) [7]. 
In China, the borderline of schistosomiasis endemic area is affected by the result that 
snail can’t live through the winter and multiply in northern place [8]. Therefore, 
eliminating snail is an important measure of controlling and eliminating 
schistosomiasis. Thus, the research aim to find out the geographic distribution of 
schistosomiasis, is mainly the research of snail breeding ground. 

For grappling the situation of snail distribution, controlling and monitoring of 
schistosomiasis, all levels of the schistosomiasis prevention and cure organization 
make a great deal of research annually in snail ecology and investigation in epidemic 
area. However, a certain extent, the traditional inquisitional method has its limitation, 
which needs to spend a lot of manpower, material resources and money, and it is 
difficult to avoid leak of investigation, to guarantee both quality and quantity, and to 
monitor and control quickly and availably. But the snail distribution has close 
relationship with environment such as vegetation, soil humidity, temperature, altitude, 
hydrology and so on. Due to these factors can be reflected actually by the remote sense 
image, remote sensing technology can be applied in monitoring and analyzing these 
factors, accordingly in monitoring snail. Consequently, the introduction of remote 
sensing technology increased the new research idea and method for this domain [7]. 
3. The feasibility�practicability and superiority of remote sensing used in the 
research of schistosomiasis 
From 20th century 60’s, the development of remote sensing (RS) is a comprehensive 
science and technology based on the theory of electromagnetic spectrum, using the 
electromagnetic wave sensitive component to catch the electromagnetic wave signal of 
distant place and to take images, accordingly apperceiving the things of distant place. 
In other words, using the professional facility (remote sensor), receiving and recording 
the electromagnetic radiation signal of feature (including emission and reflection) is 
formed pictures to dispose, analyze and apperceive the distant thing without touch [9]. 

Obviously, the appearance and development of remote sensing technology is the 
objective requirement for cognizing and exploring the nature, which has many 
unexampled characteristics comparing with the other technical methods [10�11]. 
(1) detecting scope broadly, gathering date quickly 

Because the distance of survey is far, the remote sensing survey could observe a 
great area from airborne or even the space, and gain the valuable RS data in a shorter 
time. The wave band of survey extends from the visible light to two sides, to expand 
the research scope of the characteristic of thing (such as the type, density and 
distribution of vegetation, the type, humidity and temperature of soil, and so on). At 
present, the ultraviolet, visible light, infrared and microwave are used in the 
electromagnetic wave band of RS. These data widen person's visual space, create the 
extremely advantageous condition for macroscopic hold the situation of ground thing, 
simultaneously, and provide the precious first material for macroscopic study the 
natural phenomenon and the rule. Obtaining the date of big area without terrain 
restriction by the RS technology, and combining with the ground snail investigation, 



the snail-borne could be found out. This advanced technology can not be substituted 
comparing with the traditional manual work. 
(2) reflecting the change of things dynamic 

Imaging periodic is advantageous to conduct the dynamic research and to monitor 
the environmental. The aerial and astronautic aerocraft is high speed and short cycle, 
and could obtain the multi-temporal data. The RS survey could carry on the repetition 
survey to the identical area in short-time, such as the common resource satellite repeats 
once in 8~9days and weather satellite twice one day. This is helpful to discover and 
track on the change of things on earth and to study the rule of change by obtained RS 
data. Thereout, through quantitative or qualitative monitoring the change of 
snail-borne environmental factor, the change of snail could be forecasted. The 
traditional measure spends the massive manpower and the physical resource, and it 
needs a long cycle. Consequently, the RS has the good effectiveness in time. 
(3) the comprehensive and commeasurability characteristics of obtained data 

The obtained RS date is the identical time interval, and covers a great area. These 
data recorded the ground actual condition objectively, synthetically embody many 
nature and human phenomenon, reflect the shape and distribution of various things on 
the earth, and the characteristic of geology, landform, soil, vegetation, hydrology, 
artificial construction, and etc, and open out the connections between the geographical 
things roundly. At the same time, both obtained the identical local data by the different 
satellite sensors, and obtained the identical local data in the different time by the 
identical sensor, have the commeasurability. So, through the analysis of multisource 
and multi-temporal data, combining the historical RS material and the snail 
distribution of epidemic area, the potential epidemic area of schistosomiasis could be 
forecasted. 
(4) diminutively restricted by ground 

Using RS in the region with bad natural condition and the ground work developed 
difficultly, such as high mountain, glacier, desert, swamp and so on, especially 
astronautic RS technology, is quite easy to obtain the ground information. 
(5) economy 

RS compared with the traditional method in expense invested and benefits 
returned, can consumedly save the manpower, the physical resource, the financial 
resource and the time, and high economic and social benefit could be brought in. 

Just about these superiority of the RS technology, the traditional snail monitor 
method insufficiency is made up in schistosomiasis, including preventing and 
controlling, the research as well as forecast disease endemic situation. It will have the 
enormous application prospect. 
4. Application of remote sensing�geographic information system and global 
position system to the research of schistosomiasis 

The geographic information system (GIS) is one kind of spatial information system 
in gathering, storing, managing, analyzing and describing entire or partial information 
of earth surface and the spatial geographic distribution related data [12]. From the 
exterior of the GIS, it displays as the computer software and hardware system; but its 
connotation is the geographic spatial information model which is composed by the 



computer program and the geographic data, and is a geographic system with 
contractible logic and high informatization [13]. In the modern information society, as a 
kind of special information system with geographic space characteristic and various 
statistic information, GIS is the node and the basic establishment on the information 
highway, paid the widespread attention of whole social, and become the popular 
research at present. 

Developed from 70’s of 20th century by USA, lasted 20 years, spent 200million 
dollars, the global position system (GPS) was comprehensively completed in 1994, 
which is a new generation of satellite navigation and orientation system with the 
triphibian capability of the all-direction and real-time three dimension. With the 
remarkable characteristics of all-weather, high-accuracy, automated, beneficial and so 
on, GPS wins the faith of broad users, and is successfully applies to the geodetic survey, 
engineering surveying, aerial photogrammetry, vehicle navigation and control, 
diastrophism monitoring, project distortion monitoring, resources reconnaissance, 
earth dynamics and other kinds of  disciplines. Consequently GPS brings a profound 
technological revolution in geographic domain. 

The evening of 20th century, along with gradually attaching importance to 
geo-spatial information science, combining the remote sensing (RS), the geography 
information system (GIS) and the global positioning system (GPS), called 3S 
technology, has been improved advance rapidly. Especially in the application domain 
aspect, 3S technology is applied in the various aspects closed with the spatial 
information, such as the establishment of environment model, the urban plan and 
management, the social economy statistics and analysis, the land management, the 
cadastration and management, the management of traffic and pipeline, and so on. 
Through the integrative applications of these techniques, the obtained and processed 
information is achieved with high speed and real time, and the application is achieved 
with high accuracy and quantification. Provided various ground information in real 
time and integrative analysis, is useful to fleetly confirm the position, area and spread 
tendency of snail-borne. 

In 1984, the combination of the Landsat MSS data with the climate data of 
temperature, rainfall and etc, forecasted the endemic area of schistosomiasis in 
Philippines. Accordingly, it was calculated, the number of potential casualty owing to 
infecting schistosomiasis in a sham battle of America army period [14]. This was the 
beginning of the RS technology applied in the schistosomiasis research. From 90’s, the 
3S technology has been brought in schistosomiasis research by the scientific and 
technical personnel engaging in the parasitic disease research and prevention in the 
world. Many literates use the 3S technology in Africa and Latin America 
schistosomiasis research [15-19]. By using the NOAA AVHRR data in Nile delta, the 
temperature difference model was establish for ensuring the spatial distribution and 
harm of schistosoma mansoni and biomphalaria. And the research was extended to 
Ethiopia and eastern Africa. The distribution and congregation of biomphalaria, which 
is the intermediate host of schistosoma mansoni, and the climate and environment 
factors of influence schistosomiasis, were analyzed. Two spatial variables which are 
the earth surface temperature and the Normalized Difference Vegetation Index (NDVI) 



were used to establish wet season and dry season models to forecast the prevalent 
situation of local schistosoma mansoni. A geographic information system of 
schistosomiasis mansoni prevalence was constructed in 30 representative 
municipalities in Bahia, Brazil. The spatial and temporal dynamics of infection were 
studied, the environmental factors were identified that influence the distribution of 
schistosomiasis, and population density and the duration of annual dry period are the 
most important determinants of prevalence of schistosomiasis in the areas selected. 
Through the combination of the vegetation indices and earth surface temperature data 
with the data of schistosomiasis mansoni prevalence, the NDVI map and the average 
diurnal temperature differences (dT) map were created. The result showed a 
statistically significant relationship of prevalence to dT and NDVI [20�21]. 

In china, from 80’s evening, RS has been applied in schistosomiasis research step 
by step. The combination of Landsat MSS data and aerial photo pair established the 
mark of explanation translates of snail existent environment factors in RS information, 
and confirmed the distribution of snail-borne [22]. This was the first attempt of RS 
application in the general survey of schistosomiasis. As a result, RS technology used in 
the research of snail-borne and schistosomiasis is feasible theoretically and technically. 
After 90’s, the 3S technology has been applied in the schistosomiasis research 
increasingly. Sichuan Institute of Parasitic Diseases use the 3S technology in the 
research of preventing mainly the massif canal schistosomiasis, elementarily analyzing 
the incidence and mutual affect of the dangerous environment factors in the endemic 
area by using the analytical method of GIS buffer [23]. The 3S technology is applied in 
the investigation of canal snail, the map of snail investigation is built well which 
contains abundant of spatial information, and GIS database of the snail situation is 
established [24]. Jiangsu Institute of Parasitic Diseases and Institute of Parasitic 
Diseases, Chinese Academy of Preventive Medicine use the 3S technology in the 
research of preventing mainly the type of river beach and river network 
schistosomiasis, using the Landsat TM data for non-supervise classification and 
integrated analysis snail-borne at Poyang lake area based two variables which are the 
NDVI value and the humidity value of Tasseled Cap transformation [25]. According to 
the biological characters of snail, the spatial distribution of snail is investigated by 
using the NOAA AVHRR data and Landsat MSS and TM data, and the distribution 
map of snail is charted in mainland China [26]. The Landsat TM data is analyzed for the 
influencing forecast of floodwater to snail-borne spread [27 � 28]. In addition, the 
relationship between the scope and degree of the schistosomiasis prevalence and the 
environmental factors, such as temperature, altitude, precipitation rain fall, etc, are 
applied by GIS. The variety of the snail distribution is forecasted by RS data 
application after catastrophic flood. The beach of endemic area is classified by 
monitoring vegetation. [29-35]

All in all, geographic information system and global position system are combined 
with remote sensing, namely the 3S technology, which is applied in the schistosomiasis 
research with the following primary aspects [36]: 
(1) The 3S technology cooperates with investigating snail of the ground locale, and 

finds out the possible snail-borne. 



(2) The local historical RS data combined with the distributing of snail prognosticates 
the potential endemic area of schistosomiasis. 

(3) By the quantitative or qualitative analysis to monitor the change of environment 
factors which influence the snail existence, corresponding variety of snail is 
prognosticated. 

(4) Though the distinguish of high and low density area of snail, the influence factors 
of snail distributing are identified, and the task of preventing and controlling 
schistosomiasis are directed. 
With the above-mentioned study started with the influencing factors of 

schistosomiasis prevalence and the established model of parasite spread, the method is 
explored to monitoring the schistosomiasis prevalence based on the 3S technology, the 
basal data is provided for the searching new method of schistosomiasis control, 
valuable data are accumulated, and the feasibility, practicability and superiority of the 
application of RS technology to the schistosomiasis research are confirmed at the same 
time.  

But, some problems existing in the application of the 3S technology to the 
schistosomiasis research, are waiting for solved. 
(1) The prevalence and distributing research is mostly restricted in the single factor 

analysis to the schistosomiasis, but does not make the best of the superiority of the 
3S technology. 

(2) The research is confined in local area. When the experience and method of local 
area is extrapolated, the precision can not be ensured. The 3S technology is rarely 
applied in countrywide or even global investigation of schistosomiasis, so the 
particular E-map and database of countrywide schistosomiasis distributing are not 
established as yet. 

(3) The kind of adopted RS data is singleness, and spatial resolution is on the low side, 
such as 1.1km nadir resolution of NOAA AVHRR data and even mere 30m 
resolution of TM data. The applied disposal is not in-depth, limited information 
could be picked up, the complex variety detail of surface is reflected deficiently, 
accurate the distributing spread rule of schistosome and snail is confirmed 
difficultly, and the credible correlative model between the growth, multiply, 
pervasion of schistosome and snail and various environment factors is established 
hardly. 

5. The development trend of the research 
With the development of the science, the 3S technology has become the effective 

measure. Currently remote sensing application is going through a qualitative 
conversion, including the analysis application transit of single RS data to multichannel, 
multi-temporal, multi-sensor RS data, the transit of static distribution research to 
dynamic process forecast, the transit of qualitative investigation cartography to 
quantitative statistic analysis, and the transit of exterior description of various things 
and process to the search of internal rule [37]. As the idiographic application of the 3S 
technology, development trend of schistosomiasis research takes on the following 
characteristics: 
(1) The investigative characteristic of interdiscipline: because of the particular 



advantage of the 3S technology, it is paid attention to schistosomiasis research 
application and displays enormous potential and superiority. With the 
combination of 3S technology and schistosomiasis research, involved in RS�GIS, 
GPS and verminosis research, these subjects professional are required, and 
cooperation of apiece subjects and the development of overlapping discipline are 
promoted. 

(2) The source of remote sensing data: With the incessant blastoff of multiplicate 
sensors taken multitudinous RS satellites, ample data sources with higher spatial 
resolution, spectral resolution and temporal resolution are supplied for the 
research of environment controlling schistosomiasis. High resolution RS image 
could reflect the complex variety detail of surface more clearly, is propitious to 
distill the environment factors, and conduces to anatomize and study the 
distributing spread rule of schistosome and snail and investigating the 
interrelation between snail and environment factors and to establish credible 
correlative model between the growth, multiply, pervasion of schistosome and 
snail and various environment factors. 

(3) Variable choice: The number of variable is developed from single to various step 
by step. The character of variable is improved from qualitative or 
half-quantitative to quantitative. And some new methods of statistics analysis will 
be applied in the variable analysis. 

6. Conclusion 
At present, remote sensing technology has been widely applied in a good many 

researches including epidemiology, and has been a indispensability available 
instrument of environment resources investigates and programming. The abundant RS 
data and incessantly perfect technology of RS image processing and analyzing, 
provide the information ensure of detecting the status and inversing the flux of the 
earth’s surface, and investigating the multiformity and variational rule of geographical 
factors, such as the vegetation, soil, physiognomy, and so on; and provide the 
important pledge of gaining surface characteristic parameters (emphasize particularly 
on humidity and temperature of soil, vegetable coverage, etc) of schistosomiasis 
endemic areas, fitting these parameters with snail density, and establishing the exact 
and credible forecast model of schistosomiasis. 
Integration of multisource remote sensing data, especially the meter-lever or 
decimeter-level high resolution satellite data and multi-mode and alternately polarized 
ENVISAT data, cooperates with ground survey and related information. The 
application of 3S technology is inosculated with the routine work of the check of snail 
and schistosomiasis. This is the innovation of schistosomiasis research, in favor of 
anatomizing the distributing spread rule of schistosome and snail and investigating the 
interrelation between snail and environment factors, as the scientific basis of 
effectively withstanding and interdicting spread route of schistosomiasis and 
ultimately annihilating schistosomiasis. That is to say, exploit a new strategy turning 
passiveness to active position, namely a policy of preventing schistosomiasis with the 
kernel of environment adjustment or environment control.  
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