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Abstract. Insight into the spatial and temporal contamination of the environment by bovine faeces in China can provide important information on the significance of bovines in the transmission of human schistosomiasis. This insight
will be useful for the new evidence-based strategy of the Chinese national schistosomiasis control programme. To
enhance our understanding of the spatio-temporal relationship between the prevalence of human and bovine schistosomiasis, we performed correlation and regression analyses using data from three national sampling surveys on schistosomiasis, carried out in 1989, 1995 and 2004. In addition, we established a geographical information system and
performed spatial analyses to identify the high-risk areas of the disease. We found that schistosomiasis is mainly concentrated in the marshlands along the Yangtze River. It was also noted that, although the human prevalence and force
of transmission in highly endemic areas has been reduced since 1989, the relative importance of bovine schistosomiasis has increased. This is seen in a declining Spearman correlation coefficient between the infection prevalence in
humans and in bovines over time (0.812 in 1989, 0.754 in 1995 and 0.376 in 2004). In parallel, the slope of the linear regression decreased from 0.395 in 1989 to 0.215 in 2004. Our data therefore suggest that future schistosomiasis
control efforts in China should more vigorously address the important role of bovines in the transmission of human
schistosomiasis, and to reduce the environmental contamination of Schistosoma japonicum eggs by bovines.
Keywords: Schistosomiasis, Schistosoma japonicum, national sampling survey, geographical information system, spatio-temporal analysis, epidemiology and control, bovine, China.

Introduction
Schistosomiasis is a water-borne parasitic disease
with a complex life cycle, which explains the wide
range of epidemiological and morbidity patterns
(Fenwick, 2006; Gryseels et al., 2006). The causative
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agent of human schistosomiasis is a trematode of the
genus Schistosoma. There are five schistosome
species parasitizing humans; collectively over 200
million individuals are infected with an estimated
779 million at risk (Steinmann et al., 2006). China
represents the largest endemic area of Schistosoma
japonicum infection in the world (Ross et al., 1997).
The achievements made in the control of schistosomiasis in China have reduced the number of human
infections by more than 90% from the peak in the
mid-1950s (Chen and Feng, 1999). The remaining
endemic areas are found in the Yangtze River basin,
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around the great lakes of central China (Dongting
Lake and Poyong Lake), and adjacent to small rivers
in mountainous areas in south-western China, comprising 324 counties in seven provinces (Hao et al.,
2005). At the beginning of the national schistosomiasis control programme in 1949, there were approximately 14,000 km2 of snail-infested areas with over
10 million people and an estimated 1.2 million
bovines infected with S. japonicum in 12 provinces
(Chen and Feng, 1999; Ross et al., 2001; Utzinger et
al., 2005). At that time, schistosomiasis-attributable
morbidity and mortality were high (Chen and Feng,
1999; Zhou et al., 2005b). Hence, schistosomiasis
was a pressing public health problem holding back
socio-economic development, which explains why
the central government embarked on vigorous
research and control activities early on. The results
obtained through regular sampling surveys and the
periodical surveillance system illustrate the progress
made over the past half century (Utzinger et al.,
2005; Zhou et al., 2005b).
To date, three national schistosomiasis sampling
surveys have been carried out under the leadership of
the Chinese Ministry of Health (MoH); first in 1989,
then in 1995 and most recently in 2004. The aim of
these surveys was to determine the prevalence of
S. japonicum in those parts of the country where
transmission was still ongoing (MoH, 1993, 1998;
Zhen, 1993), and to further adapt and fine-tune the
national schistosomiasis control programme. The
first sampling survey in 1989 found an impressive
reduction in the number of infected people compared
to the peak figure in the 1950s, but an estimated
1,638,103 individuals were still infected (Zhen, 1993;
Chen, 1999). The second national sampling survey
in 1995 reported an estimated 865,084 human
infections (MoH, 1998), i.e. a 47% reduction compared to the preceding survey. The latest survey in
2004 was designed as a nationwide cluster sample.
Extrapolation to include all residents still living in
endemic areas revealed a total of 726,112 human
infections, a 16% reduction compared to the 1995
survey (Zhou et al., 2007a).
Despite substantial progress made over the past

decades, transmission of S. japonicum persists in
seven Chinese provinces; namely, Anhui, Hubei,
Hunan, Jiangsu and Jiangxi in the lake region, and
Sichuan and Yunnan in the mountainous region (Hao
et al., 2005). Sustained control efforts are needed to
consolidate the achievements made to date and
stepped-up efforts may be necessary to further reduce
the number of infections and force of transmission
(Bian et al., 2004; Wang et al., 2005; Fenwick and
Webster, 2006; Guo et al., 2006; Liang et al., 2006).
Transmission of schistosomiasis is closely related
to environmental factors (Steinmann et al., 2006; Li
et al., 2007; Liang et al., 2007). However, despite a
number of recent studies that employed geographical information system (GIS) applications to define
transmission factors that relate to control
(Bergquist, 2001; Zhou et al., 2001, 2002, 2007b;
Yang et al., 2005b; Chen et al., 2007), little is
known about the geospatial correlation between
human and animal schistosomiasis and their relative
contribution to the transmission of the disease.
The purpose of this study was to enhance our
understanding of the spatio-temporal relationship
between the prevalence of human and bovine schistosomiasis with the overall aim to contribute to a
renovation of the national schistosomiasis control
strategy in China. To that end, the S. japonicum
infection data retrieved from the three national sampling surveys mentioned above, both in humans and
bovines (i.e. cattle and water buffaloes), have been
subjected to correlation and regression analyses.
Materials and methods
Parasitological data
Prevalence data of S. japonicum infection in
humans and bovines were obtained from the three
national schistosomiasis sampling surveys carried
out thus far (1989, 1995 and 2004). We established
spatially-explicit databases by retrieving the human
and bovine S. japonicum infection prevalence along
with the geographical coordinates (longitude and
latitude) of each village subjected to sampling. The
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National Institute of Parasitic Diseases, Chinese
Center for Disease Control and Prevention in
Shanghai (Zhou et al., 2005a) was entrusted by the
MoH to design and manage the three surveys and to
provide supervision throughout. The prevalence
data were retrieved for the seven endemic provinces.
In the first and second national sampling surveys,
human infections were detected directly by faecal
examination using a miracidium hatching technique
after egg concentration with a nylon tissue bag (Qiu
and Xue, 1990). In the third survey, human infections were detected by a two-pronged diagnostic
approach described elsewhere (Wu, 2002; Zhu,
2005). In brief, all inhabitants aged 5-65 years from
the study villages were first screened serologically
using an indirect enzyme-linked immunosorbent
assay (ELISA) (for a review see Li, 1991). Second, a
faecal sample taken from ELISA-positive individuals
was subjected to the Kato-Katz technique (Katz et
al., 1972; Yu et al., 1998) for the detection of
S. japonicum eggs under a light microscope. In
order to compare data obtained from the first two
with the most recent survey, a village-specific correction factor was calculated, taking into account
the false negative rate of the Kato-Katz technique
(Zhou et al., 2007a). Bovine infections were diagnosed by faecal examination using the hatching
technique (Qiu and Xue, 1990). The same diagnostic approach was employed throughout.
Spatio-temporal analysis
A GIS database, using ArcView GIS version 8.3
(ESRI, Redlands, CA, USA), was established and the
prevalence of human and bovine schistosomiasis at
the village level were analysed by the spatial analyst
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module of the ArcGIS software. Three vector layers
were created per village, according to the three
national sampling surveys, once the database had
been linked to the GIS platform. The spatial prediction of the human and bovine schistosomiasis prevalence were explored, using an inverse distance
weighted function. The spatio-temporal models of
the human and bovine schistosomiasis prevalence
were verified by a simple surface analysis approach.
Statistical analysis
Spearman correlation and regression analyses
were used to explore the relationship between
human and bovine infection with S. japonicum for
each of the three national sampling surveys. The
Spearman correlation coefficients between human
and bovine schistosomiasis prevalence were calculated and the linear regression equations of the
human to the bovine prevalence were produced,
respectively, for the three surveys in SAS version 8.0
(SAS Institute, Inc., NC, USA).
Results
Human and bovine schistosomiasis prevalence
Table 1 summarises the parasitological data
extracted from the three national sampling surveys.
The first survey, conducted in 1989, covered 353
villages in the eight provinces that were endemic at
that time; i.e., Anhui, Hubei, Hunan, Jiangsu,
Jiangxi, Sichuan, Yunnan and Zhejiang. Six years
later, the second survey was carried out in 364 villages, covering the same eight provinces. By the end
of 1995, Zhejiang province, formerly with 54

Table 1. Parasitological data of the three national sampling survey of schistosomiasis in China.
Year of national
sampling survey
1989
1995
2004

Number of
villages sampled

Estimated number of
people infected

Prevalence in
human (%)

Prevalence in
bovine (%)

353
364
239

1,638,103
865,084
726,112

10.2
4.9
5.1

13.3
9.1
5.7
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endemic counties, passed the special evaluation on
elimination of schistosomiasis and was declared to
have reached the criteria for transmission interruption with the exception of small areas of residual
snails (Wu et al., 2005). The third nationwide cluster sample survey, carried out in 2004, focussed on
239 villages, which covered the remaining seven
endemic provinces (Zhou et al., 2007a).
High-risk areas for schistosomiasis
The results of the spatial analysis depicted in
Figure 1 showed that the high-risk areas for schistosomiasis transmission are mainly distributed in the
marshlands along the Yangtze River. The spatial dis-

tribution of schistosomiasis in bovines is positively
correlated to that in humans. However, both the distribution areas and prevalence rates according to
stool examinations in cattle and water buffaloes
tend to be significantly greater than those found
when humans are examined. A comparison between
the first survey, carried out in 1989, and the most
recent one (2004) clearly shows that the prevalence
and intensity of schistosomiasis infections have been
reduced in humans and in bovines. Consequently,
the spatial extent of the high-risk areas has been
confined, except in the mountainous region in
Sichuan province, where the prevalence in both
humans and bovines were higher in 2004 compared
to 1995.

Fig. 1. The spatial distribution of the prevalence rates of human and bovine in the national sampling surveys on schistosomiasis carried out in 1989 (a,b), 1995 (c,d) and 2004 (e,f) in China.
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The significance of bovines for human schistosomiasis
A positive correlation was found between the
prevalence of human infection and the prevalence of
bovine infection for each of the three national sampling surveys, as shown in Figures 2a-2c. There was
a remarkable reduction in the Spearman correlation
coefficient over time. In the first survey in 1989, the
Spearman correlation coefficient was 0.812
(P <0.001), in 1995 it was reduced to 0.754
(P <0.001) and, in 2004, the respective coefficient
was 0.376 (P <0.001).
The results of the linear regression analysis are
summarized in Table 2. A positive linear regression
was found between the human and the bovine schistosomiasis prevalence. The regression equations for
the three surveys were as follows: y = 0.395x + 2.698
in the 1989 survey (F = 127.9, P <0.001); y = 0.318x
+ 1.471 in the 1995 survey (F = 136.4, P <0.001); and
y = 0.215x + 1.894 in the 2004 survey (F = 41.4,
P <0.001), where y is the infection prevalence in
humans and x the prevalence in bovines.
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an important zoonosis in China and The
Philippines, whose distribution, prevalence and
intensity of infection are particularly sensitive to the
climatic and geographical environment (Yang et al.,
2005a; Zhou et al., 2005b, 2007b; Li et al., 2007;
Liang et al., 2007).

Discussion
Application of GIS and remote sensing (RS) in
human and veterinary medical sciences, particularly
in human and veterinary parasitology, is rapidly
advancing (Yang et al. 2005b; Hay et al., 2006;
Rinaldi et al., 2006). GIS and RS are suitable tools
for the creation of spatially-explicit databases, and
the display of relevant data for health policy planning and discussion, guiding interventions and costeffective monitoring at a range of spatial scales
(Tatem and Hay, 2004). Schistosomiasis japonica is

Fig. 2. Relationship between human and bovine prevalence
of S. japonicum according to national survey data in 1989
(a), 1995 (b) and 2004 (c).

Table 2. Results of linear regression analysis between the prevalence in human and bovine of the three national sampling
surveys of schistosomiasis in China.
Year of national
sampling survey
1989
1995
2004

Slope

Intercept

Standard error of
slope

R-square

F value

P value

0.395
0.318
0.215

2.698
1.471
1.894

0.035
0.027
0.033

0.279
0.275
0.150

127.9
136.4
41.4

<0.001
<0.001
<0.001
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The spatial analysis carried forward in the current
paper confirms that the prevalence of human and
bovine schistosomiasis in China has been reduced
considerably since 1989 when the first national sampling survey was carried out and, although the size of
the transmission areas has also been reduced, highrisk areas remain in the marshlands along the Yangtze
River and around Dongting Lake and Poyang Lake,
which are connected to a dense network of rivers.
However, in the mountainous regions of Sichuan
province, both human and bovine prevalence
increased in 2004 when compared to 1995, and there
is concern about the re-emergence of schistosomiasis
there (Liang et al., 2006). According to the 1989 survey, the estimated number of infected people was
around 1.6 million, and hence the human prevalence
rate in schistosome-endemic areas was 10.2%. The
corresponding bovine prevalence rate was 13.3%. In
some areas, the prevalence rate of humans reached
levels as high as 49%, while bovine prevalence rates
in excess of 95% were found (MoH, 1993). Six years
later, the human infection rate in schistosome-endemic areas decreased to 4.9%, as revealed by the second
national sampling survey in 1995 (a reduction of
52.1%). Over the same period, the average bovine
infection rate decreased from 13.3% to 9.1%, which
translates to a reduction of 31.8%. In 1995, 865,084
people were estimated to be infected with S. japonicum (MoH, 1998). The third national sampling survey in 2004 estimated the number of human infections at 726,112 (Zhou et al., 2007a). It is important
to note that this figure was arrived at using a correction factor for calculating the total number of infections due to the lack of sensitivity of the Kato-Katz
technique (Zhou et al., 2007a). Interestingly, the
human prevalence rate in the areas where transmission control had not been achieved increased slightly
from 4.9% in 1995 to 5.1%, an increase of 3.9%.
Several factors have been suggested as underlying
causes, such as the unusually severe floods that
occurred in 1998 (Zhou et al., 2002), major demographic and ecological transformations due to waterresource developments and the anti-flooding policy
(Xu et al., 2000; Chen, 2002; Jiang et al., 2002;

Zheng et al., 2002; Li et al., 2007), the potential
impact of climate change (Zhou et al., 2004b; Yang
et al., 2005a), health sector reforms (Jiang et al.,
2002; Bian et al., 2004), and the termination of the
World Bank Loan Project (WBLP) on schistosomiasis
control with insufficient attention given to further
consolidate achievements made in the 1990s (Yuan et
al., 2000; Zhou et al., 2004a).
S. japonicum differs from other schistosome
species in that more than 40 mammal species can act
as reservoir hosts. At least ten of these animal species
play some role in the transmission of the disease in
China (Chen, 1993; WHO, 1993). Particularly in the
lake region, domestic animals are left to graze freely,
whereas water buffaloes are mostly kept in the
marshlands and graze during the transmission season
in the contaminated areas where they often defecate
directly onto the snail habitats (Wang et al., 1989;
Zheng et al., 1990). The environmental contamination is still largely due to water buffaloes, whose high
faecal output is generally laden with schistosome
eggs. Previous research has shown that in some settings, water buffaloes contribute more than 90% of
the environmental contamination of schistosome eggs
(Wang et al., 2005). It is noteworthy that the average
stool weight of cattle per day, estimated at 25 kg, is
100 times that of humans (approximately 250 g),
while the water buffaloes produce 50-60 kg of stool
daily (Guo et al., 2001; Ross et al., 2001).
As showed in Figure 1, the spatial distribution of
bovine schistosomiasis coincides with the distribution of human infections, but the prevalence tends
to be much higher with regard to the former than
the latter. A positive correlation was shown between
the human and the bovine prevalence rates in all
three sampling surveys, but the Spearman correlation coefficient decreased over time, i.e. 0.812 in
1989, 0.754 in 1995 and 0.376 in 2004 (P <0.001
for pair wise comparisons). Meanwhile, the infection rate of livestock reached levels of up to 66.7%
in the marshlands around the Dongting Lake, while
it was 21.5% for cattle infection in the mountainous
areas in Sichuan province in the 2004 survey.
Since the beginning of the WBLP in 1992, schisto-
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somiasis control activities in most endemic areas of
China were mainly based on the regular administration of praziquantel to at-risk populations (Jiang et
al., 1996; Zhou et al., 2005b). Concurrent animal
chemotherapy in high-risk areas is generally attempted but has only achieved limited coverage (50%) and
less success. This is not only due to the higher bovine
re-infection rate, but also due to difficulties in accomplishing the goal of effective treatment (Guo et al.,
2001). The results presented here suggest that current
measures for control of cattle and water buffalo infection constitute a weak link in the national schistosomiasis control programme. This is underlined by the
positive correlation, and linear regression, between
the infection prevalence in humans and bovines seen
in all three national sampling surveys. However, as
depicted in Figures 2a-2c, there is a tendency of
reduction both in the Spearman correlation coefficients and in the slope of the linear regression (from
0.395 in 1989 to 0.215 in 2004). The fact that
bovines play a major role in the transmission of
human schistosomiasis in China is supported by
mathematical modelling (Williams et al., 2002), as
well as by a recently completed intervention study
where either humans alone or humans plus buffaloes
were treated with praziquantel (Guo et al., 2006).
The implications for schistosomiasis control, including development of a bovine vaccine, have been discussed (Guo et al., 2006; McManus and Dalton,
2006). The evidence linking the contribution to transmission by domestic animals points to the looming
threat of decreasing returns from human chemotherapy, as the higher the prevalence among domestic animals the higher the risk of infection for humans.
Contamination by S. japonicum eggs from
domestic animals of pastures frequented by farmers
and humans in general seems to be the key factor for
schistosomiasis japonica to currently resist control
even giving the impression of re-emergency in some
places. This situation is potentially hazardous for
the continued success of the national control programme, and hence, we recommend that the strategy for high-risk areas should be modified to spearhead a reduction of schistosomiasis transmission. A
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specific approach emphasizing elimination of the
source of infection by targeting the egg contamination of snail habitats would be a useful addition to
the integrated control strategy now used.
Conclusions
If strong efforts are not undertaken to control
schistosomiasis in the bovine population in China,
the chemotherapy-based control strategy runs the
risk of becoming considerably less effective in the
future. We propose a four-pronged approach to
accomplish the objective of interrupting egg contamination of the environment, consisting of:
(i) increasing the mechanization of agriculture;
(ii) discouraging marshland pastures and introduction of fenced cattle farming (as is already
required for pigs);
(iii) construction of latrines in homes; and
(iv) provision of latrines in the field for ‘night-soil’
collection for mobile populations such as fishermen.
In our opinion, near complete elimination of
S. japonicum contamination is indeed possible if
such a control strategy could be deployed along
with other control activities.
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