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Abstract

Background

Schistosomiasis japonica still remains of public health and economic significance in China,

especially in the lake and marshland areas along the Yangtze River Basin, where the con-

trol of transmission has proven difficult. In the study, we investigated spatio-temporal varia-

tions of S. japonicum infection risk in Anhui Province and assessed the associations of the

disease with key environmental factors with the aim of understanding the mechanism of the

disease and seeking clues to effective and sustainable schistosomiasis control.

Methodology/Principal Findings

Infection data of schistosomiasis from annual conventional surveys were obtained at the vil-

lage level in Anhui Province, China, from 2000 to 2010 and used in combination with envi-

ronmental data. The spatio-temporal kriging model was used to assess how these

environmental factors affected the spatio-temporal pattern of schistosomiasis risk. Our re-

sults suggested that seasonal variation of the normalized difference vegetation index

(NDVI), seasonal variation of land surface temperature at daytime (LSTD), and distance to

the Yangtze River were negatively significantly associated with risk of schistosomiasis. Pre-

dictive maps showed that schistosomiasis prevalence remained at a low level and schisto-

somiasis risk mainly evolved along the Yangtze River. Schistosomiasis risk also followed a

focal spatial pattern, fluctuating temporally with a peak (the largest spatial extent) in 2005

and then contracting gradually but with a scattered distribution until 2010.
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Conclusion

The fitted spatio-temporal kriging model can capture variations of schistosomiasis risk over

space and time. Combined with techniques of geographic information system (GIS) and re-

mote sensing (RS), this approach facilitates and enriches risk modeling of schistosomiasis,

which in turn helps to identify prior areas for effective and sustainable control of schistoso-

miasis in Anhui Province and perhaps elsewhere in China.

Author Summary

Schistosomiasis japonica is one of the most serious parasitic diseases in China. It is esti-
mated that more than 50 million people are still at risk, especially those living in the lake
and marshland areas along the Yangtze River Basin. The Chinese government has made
great efforts to implement schistosomiasis control programs since 1950s. The latest, major
two programs are the 10-year World Bank Loan Project (WBLP) terminated in 2001,
which was based on large-scale chemotherapy, and the national integrated control strategy
implemented since 2005, which was aimed at reducing the roles of bovines and humans as
infection sources. Based on spatio-temporal analyses of the S. japonicum infection preva-
lence data during 2000–2010 in Anhui Province, we found schistosomiasis prevalence re-
mained at a low level but the spatial distribution of the disease became widely scattered at
the later stage of the study period, suggesting that the integrated program could not fully
effectively reduce the spatial extent of schistosomiasis risk. To achieve an effective and sus-
tainable control strategy, we emphasize the need to control snail habitats within areas of
high schistosomiasis risk.

Introduction
Schistosomiasis, caused by trematode worms belonging to the Schistosoma genus [1], remains
a serious public health problem worldwide [2]. More than 200 million people in approximately
76 countries are affected by the disease with at least a loss of 1.7 to 4.5 million disability-adjust-
ed life years (DALYs) [3] and probably considerably more [4]. The true global burden of schis-
tosomiasis japonica alone has been shown to be between four to 30 times greater than
previously expected [5]. Of the three main schistosome species, Schistosoma japonicum is re-
sponsible for human and animal infections in southern China, large parts of The Philippines,
and limited foci in Indonesia [6].

According to geographical patterns of the endemic areas and ecological characteristics of
the vector snail, schistosomiasis endemic regions in China have been classified into three types:
lake and marshland regions, plain regions with water-way networks, and hilly and mountain-
ous regions [7]. Compared to the other two regions, control of the disease in the lake and
marshland regions has proved to be difficult due to vast areas of Oncomelania hupensis habitats
[8], and over 80% of schistosomiasis cases occurred in these regions [9]. With the Yangtze
River passing across the province and the presence of large amounts of wet land, Anhui pres-
ents suitable environmental conditions for the formation of lake-and-marsh endemic regions.

The transmission of schistosomiasis is closely associated with the distribution of the inter-
mediate host snail, which largely depends on environmental conditions such as vegetation cov-
erage, temperature of freshwater, and quality and humidity of the soil [10,11]. In the lower
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reaches of the Yangtze River Basin, snails are distributed along the shore of rivers or lakes. The
regular tide, together with large amount of marshland, provides an ideal environment for snail
growth and reproduction, which can be characterized by “land in winter, water in summer”
[12]. Under such favorable physical conditions, there is a concern that snails might explode
and spread again, possibly giving rise to extensive re-emergence of infections among humans
and domestic animals in the basin.

Techniques of geographic information system (GIS) and remote sensing (RS), combined
with geostatistics, have been widely used in modeling the burden of schistosomiasis over the
past decades [12,13,14,15,16]. However, most of the previous work only considered spatial cor-
relations of prevalence data, and only a few attempts have been made to investigate spatio-tem-
poral correlations and to assess how environmental factors affect these correlations. In this
study, we aim to investigate changes in the spatio-temporal pattern of schistosomiasis in Anhui
Province of China to better understand how environmental factors affect the changes of the
disease, using a spatio-temporal kriging model [17]. This method offers a variety of techniques
to make optimal use of measurement information for interpolating attributes in space and
time, and has been applied over the last decade in such diverse scientific disciplines as environ-
mental science [18], meteorology [19], and soil science [20].

Materials and Methods
In this study, annual parasitological data obtained through standardized surveys during 2000–
2010 are firstly analyzed with several environmental factors, and then the changes in spatio-
temporal pattern of schistosomiasis are investigated.

Approach and study area
In the present study, we integrate data sourced by application of GIS and RS with spatio-tem-
poral kriging modeling to assess the schistosomiasis risk. The analysis is conducted at the vil-
lage level with the study area located in Anhui in eastern China (Fig. 1). Anhui is a province
spanning approximately 139,600 square kilometers and with a population of 59.9 million
(2012). Most of the province is very flat, with a series of hills and ranges covering southwestern
and southeastern Anhui. Major rivers include the Huaihe River in the north and the Yangtze
River in the south. The province enjoys a subtropical humid monsoon climate. Plum rains
occur in June and July and may cause flooding.

Parasitological data
The S. japonicum infection prevalence data during 2000–2010 were obtained from cross-sec-
tional surveys carried out by health professionals of the Anhui Institute of Parasitic Diseases
(AIPD). The data were collected annually through village-based field surveys using a two-
pronged diagnostic approach: screening by a serological test of all residents 5 to 65 years old
and confirmed by Kato-Katz stool examination [21]. The results were reported to AIPD via
county offices. The database used in this study consisted of 161 sample villages located in 24
schistosome-endemic counties, which were selected from the database of annual schistosomia-
sis surveys with the criteria that the village should be surveyed every year and the examined
people should be over 100. Fig. 1 shows the locations of the sample villages in the
endemic area.
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Ethics statement
Approval for oral consent and other aspects of this survey was granted by the Ethics Commit-
tee of Fudan University (ID: IRB#2011–03–0295). Written informed consent was also obtained
from all participants.

Environmental data
Climatic data. The climatic data include normalized difference vegetation index (NDVI) and
land surface temperature at daytime (LSTD) and night (LSTN). All 8-day global 1 km products
for LST and monthly global 1 km products for NDVI during the period 2000–2010 that cov-
ered Anhui Province were downloaded from the Level 1 and Atmosphere Archive and Distri-
bution System (http://ladsweb.nascom.nasa.gov/data/search.html). These images were
georeferenced and subsetted in ENVI software (version 5.0, Research System Inc.; Boulder,
CO, USA). AcrGIS software (version 10.0, ESRI Inc.; Redlands, CA, USA) was used to extract
monthly-average NDVI, LSTD, and LSTN, for each pixel of the image. Four indices (mini-
mum, maximum, mean, and standard deviation (SD)) of these monthly-average variable for
each year were obtained for each village to capture, albeit crudely, the effects of overall climatic
condition and seasonal variation in local climate.

Figure 1. Location of sample villages in the study area. The geographical layer of water body was overlaid. The map was created using the AcrGIS
software (version 10.0, ESRI Inc., Redlands, CA, USA).

doi:10.1371/journal.pntd.0003470.g001
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Distance to the Yangtze River. Data on the Yangtze River were downloaded from Conser-
vation Science Data Sets of World Wildlife Foundation at http://worldwildlife.org. For each
sample village, the Euclidian distance to the Yangtze River was calculated using
AcrGIS software.

Statistical analysis
Ordinary least squares (OLS) regression models were fitted to schistosomiasis data to identify
significant environmental covariates. Initially, univariate analyses were conducted and vari-
ables with P>0.2 were excluded. With the remaining variables, backwards-stepwise regression
was conducted using P>0.1 as the exit criterion and P�0.05 as the entry criterion. In the final
multivariate model, SD of NDVI, SD of LSTD, and distance to the Yangtze River remained.

A universal spatio-temporal kriging model [22] was fitted to investigate the spatio-temporal
pattern of schistosomiasis as well as the effects of environmental factors on the pattern. Let Y(s,
t) denote prevalence of schistosomiasis in village s at year t. The model assumes that the spatio-
temporal process of the prevalence variable is composed of the sum of a trend and a stochastic
residual as follows:

Yðs; tÞ ¼ mðs; tÞ þ eðs; tÞ ð1Þ
wherem is the trend (i.e., a linear function of the covariates), which can be determined by the
result of the OLS regression model above, and ε is the spatio-temporal correlated stochastic
component with zero mean. To ease statistical inference, it is commonly assumed that the
zero-mean stochastic part is multivariate normally distributed.

To estimate the spatio-temporal covariance structure of ε, we assume that the variance of ε
is constant and that the covariance at sample villages (s, t) and (s + h,t + u) only depends on the
separation distance(h, u), where h is the Euclidean spatial distance and u is the distance in
time. Or, simply, we assume ε to be stationary and spatially isotropic. The spatio-temporal co-
variances are usually described using a spatio-temporal variogram (γ), which measures the av-
erage dissimilarity between data separated in the spatio-temporal domain using the distance
vector (h, u) defined as follows:

g h; uð Þ ¼ 1

2
E½eðs; tÞ � eðsþ h; t þ uÞ�2 ð2Þ

where γ(h, u) denotes the semivariance of ε and E denotes the mathematical expectation.
In practice, when dealing with real-world data, spatio-temporal variograms are fitted by in-

troducing simplifying statistical assumptions. In this study, we use an inseparable model called
“product-Sum”model. This assumes that the spatio-temporal variogram consists of three sta-
tionary and independent components:

gðh; uÞ ¼ gsðhÞ þ gtðuÞ � kgsðhÞgtðuÞ ð3Þ

where γs(h)and γt(u)are purely spatial and temporal variograms respectively, and k is a real co-
efficient. The product-Sum model can be seen as a surface with six parameters: two parameters
for each variogram (sill and range) and a joint spatio-temporal sill and nugget. In turn, these
parameters can be used in spatio-temporal kriging to compute the best linear unbiased predic-
tor (i.e., with minimum expected mean-squared error) for any space-time point where ε (and
Y) was not observed. The formulas of kriging in the spatio-temporal domain do not differ fun-
damentally in a mathematical or statistical sense from those of spatial kriging:

e_ðs0; t0Þ ¼ c0
Tc�1�e ð4Þ
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where c is the n×n variance-covariance matrix of the residuals at the n observation space-time
points, as derived from the spatio-temporal variogram, c0 is a vector of covariances between
the residuals at the observation and prediction points, T denotes matrix transpose, and �e is a
vector of residuals at the n observation points. The final prediction of prevalence Y at a village
(s0, t0) is defined as

Ŷ ðs0; t0Þ ¼ m̂ðs0; t0Þ þ êðs0; t0Þ ð5Þ

where ẑðs0; t0Þ is the estimated multivariate linear regression trend. For prediction, the endemic
area is divided at the 2-km resolution level. A Box-Cox transformation [23] of the crude preva-
lence is performed to apply the Gaussian model before implementing spatio-temporal kriging.
A purely spatial universal kriging was also fitted by year separately for comparative purpose.

The performance of the kriging interpolation would be substantially affected if the spatial
stratification is strong and spatial autocorrelation is weak [24]. To ensure this precision, we in-
vestigated the spatial heterogeneity of the yearly prevalence of schistosomiasis by employing an
indicator of power of determinant (PD) [25]. The PD value, ranging from 0 to 1, quantifies
how similar is the spatial distribution of a disease with that of a risk factor. If the PD value is
closer to 1, the disease has more similar spatial stratification with that of the factor; if it is closer
to 0, the spatial stratifications of the two are quite different. Spatial stratifications of environ-
mental factors were zoned as follows: SD of NDVI and SD of LSTD over the study area were
both classified by four equal intervals; distance to the Yangtze River was divided into four buff-
ers: 0~5km, 5~10km, 10~20km, and over 20km.

Cross-validation is applied for assessing the accuracy of the predictions made for prevalence
in sample villages as obtained with the spatio-temporal and purely spatial kriging. Specifically,
we use leave-one-out cross validation. The method proceeds as follows: one sample village is
retained as the validation data for testing the spatio-temporal kriging model, and the remaining
sample villages are used as training data to construct the model. This is repeated such that each
sample village is used once as the validation data. An indicator of root-mean-square error
(RMSE) defined as follows is used to assess the final accuracy of the model:

RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

11n

X2010
t¼2000

Xn

i¼1

½Ŷ ðsi; tÞ � Yðsi; tÞ�2
s

ð6Þ

where Ŷ ðsi; tÞ and Y(si, t) are the predictive and the observed prevalence at the sample village
(si, t) respectively, and n is the number of sample villages.

PD values were calculated using the GeoDetector software freely available at http://www.
sssampling.org/Excel-GeoDetector/. Spatio-temporal kriging were implemented in the R pack-
age gstat [17], and mapping of predicted prevalence of schistosomiasis and its corresponding
variance were performed using the same package as well.

Results
Fig. 2 gives some statistics about the annual prevalence of schistosomiasis during the study pe-
riod. The mean observed prevalence generally decreased from 0.76% in 2000 to 0.17% in 2011
and the Kruskal-Wallis test revealed that the mean prevalence significantly differed by year
(w2ð10;N ¼ 1771Þ ¼ 30:47; p < 0:01). This downward trend was accompanied by a decreas-
ing variation in prevalence across villages with the interquartile range (IQR) contracting from
0–0.8/100 in 2000 to 0–0.1/100 in 2010, indicating a decreasing disease burden.

Table 1 shows parameter estimates from the OLS regression model. The results indicate that
SD of NDVI, SD of LSTD, and distance to the Yangtze River are significantly associated with
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S. japonicum risk. In particular, the infection prevalence increases with decreasing SD of NDVI
(coef = -1.21e-04, p<0.01), with decreasing SD of LSTD (coef = -5.61e-05, p<0.01), and with
shorter distance to the Yangtze River (coef = -1.43e-03, p = 0.01).

The left-hand side of Fig. 3 shows the sample residual variogram of the infection prevalence
of schistosomiasis, while the right-hand side presents the fitted residual variogram. The rising
trend at both spatial and temporal dimension in sample variogram indicates that spatio-tem-
poral correlation is present although the correlation seems not very strong, and therefore,

Figure 2. Prevalence of S. japonicum infection for sample villages in Anhui Province, China, from 2000 to 2010. The red vertical lines denote
interquartile range, the green circles denote the mean, and the black circles denote the median.

doi:10.1371/journal.pntd.0003470.g002

Table 1. Ordinary least square (OLS) regression model estimations for schistosomiasis from 2000 to 2010 in Anhui Province, China.

Variable Estimate Standard error t p R-squared

SD of NDVI -1.21e-04 4.50e-05 -2.67 <0.01 0.65

SD of LSTD -5.61e-05 1.78e-05 -3.15 <0.01 0.65

Distance to the Yangtze River -1.43e-03 5.80e-04 -2.46 0.01 0.65

SD: standard deviation;

NDVI: normalized different vegetation index;

LSTD: land surface temperature at daytime.

doi:10.1371/journal.pntd.0003470.t001
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spatio-temporal kriging of residuals is applicable. Table 2 summaries the parameter estimate of
the product-Sum variogram model. Note that all variogram components were modeled as ex-
ponential function. The range of spatial dependency and temporal dependency is 18 km and
5.48 years (i.e., 2000 days), respectively. The cross-validation results on spatio-temporal kriging

Figure 3. Sample variogram (left) and fitted product-Summodel variogram (right) of residuals frommultiple linear regression of schistosomiasis
prevalence on SD of NDVI, SD of LSTD, and distance to the Yangtze River. The variogram surface is presented in 2-D (top) and 3-D (bottom).

doi:10.1371/journal.pntd.0003470.g003
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and purely spatial kriging yield RMSE of 0.61 and 0.84, respectively, which indicate that the
spatio-temporal kriging model has a better predictive ability.

Table 3 presents PD values of the environmental factors for each year, which help to investi-
gate spatial heterogeneity of the prevalence of schistosomiasis. The PD values of SD of NDVI
range from 0.15 to 0.20 with the mean of 0.17, those of SD of LSTD vary from 0.13 to 0.18 with
the mean of 0.15, and those of distance to Yangtze River change from 0.26 to 0.33 with the
mean of 0.28.

Fig. 4 displays the annual map of predicted prevalence for S. japonicum infection and it can
be seen that the infection prevalence is generally low, namely, most areas with prevalence
below 0.1% and very limited areas with prevalence over 1%. The infection risk showed a focal
spatial pattern and the pattern fluctuated temporally with a peak (the largest spatial extent with
prevalence over 0.1%) in 2005 and then contracted gradually but with scattered distribution
until 2010. Note that clusters of schistosomiasis risk mostly occurred along the Yangtze River.
Fig. 5 represents corresponding estimates of the variance of the predictions. The maps present
similar patterns across the study period: a lower level of uncertainty is apparent in locations
close to sampled villages while a higher level of uncertainty is present in locations distant from
sampled villages. The prediction uncertainty is generally low over the study area.

Discussion
This study demonstrates the use of a spatio-temporal kriging model in assessing how environ-
mental factors affect the outcome of human schistosomiasis based on spatio-temporally corre-
lated disease data. Our results confirmed spatio-temporal differences in the infection risk and
the important role of environmental factors in explaining the variations. The predicted risk
maps, in return, provide an empirical basis for identifying priority areas when implementing
schistosomiasis controls locally.

Schistosomiasis is a water-borne disease and its transmission is strongly associated with en-
vironmental factors. We, therefore, considered three key elements that characterize schistoso-
miasis transmission [26,27,28], namely, temperature, wetness, and access to infected water,

Table 2. Parameters of the fitted product-Sum variogram model for the infection prevalence of
schistosomiasis from 2000 to 2010 in Anhui Province, China.

Nugget Sill Range

Spatial — 0.21 18 km

Temporal — 0.39 2000 days

Space-time 0.14 0.39 —

doi:10.1371/journal.pntd.0003470.t002

Table 3. Power of determinant (PD) values of the environmental factors for each year.

Factors 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

SD of NDVI 0.15 0.18 0.17 0.16 0.15 0.20 0.18 0.18 0.17 0.16 0.17

SD of LSTD 0.13 0.14 0.18 0.15 0.15 0.18 0.14 0.15 0.14 0.15 0.16

Distance to the Yangtze River 0.28 0.30 0.29 0.27 0.26 0.33 0.26 0.27 0.30 0.29 0.28

SD: standard deviation;

NDVI: normalized different vegetation index;

LSTD: land surface temperature at daytime.

doi:10.1371/journal.pntd.0003470.t003
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using LSTD, LSTN, NDVI, and distance to the Yangtze River. Many studies [29,30,31,32,33]
had explored effects of these elements, but seldom did those use the four indices (minimum,
maximum, mean, and SD) of climatic factors to account for effects of overall climatic condition
and seasonal variation in local climate. Our risk analysis showed that seasonal variation of
LSTD and NDVI, and the Yangtze River were significantly, negatively correlated with the risk
of S. japonicum. There is a plausible, biological explanation for these associations as
discussed below.

The explanation for the negative association between seasonal variation of LSTD and schis-
tosomiasis risk derives from the parasite’s life cycle, of which several stages (i.e., the excreted
egg, miracidium, sporocyst, and cercaria) require fresh water environment. Previous studies
have shown that the development of the parasite residing in the intermediate host snail is close-
ly related to the environmental temperature, e.g., large seasonal temperature differences (char-
acterized by higher SD) would hamper the development of miracidia into cercariae and the
situation worsens if the thermal limits are exceeded [34,35]. The parasite cannot complete its
life cycle optimally in areas with larger temperature differences, and hence less cercariae are

Figure 4. Annual predicted prevalence of schistosomiasis in Anhui Province, China, from 2000 to
2010. Predictions were conducted only in endemic areas. The maps were created using the R package gstat.

doi:10.1371/journal.pntd.0003470.g004
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released into freshwater environments. As the cercaria is the infective stage for both humans
and mammalian reservoir hosts, the disease transmission intensity decreases. NDVI maps, in-
dicating the amount of vegetation present at each location, have been widely and successfully
used for prediction of intermediate host snails of schistosomiasis [31] and are often used as a
proxy for suitable O. hupensis habitats. An area with higher SD of NDVI indicates the vegeta-
tion coverage is not constant and hence it is not ideal for formation of snail habitat. The dis-
tance to the Yangtze River can be seen as a proxy of exposure (due to increased water contact).
Individuals living near the shore are more likely to risk contact with water containing infected
snails as a result of their professional work (e.g. agricultural activities, fishing, etc.) and life style
(e.g., cleaning and swimming). In addition, frequent seasonal flooding events might also in-
crease their exposure to cercariae.

Parameters of fitted residual variogram of the infection prevalence of schistosomiasis can
characterize the spatial and temporal variation of the disease. The spatial range of 18km sug-
gested that the spatial correlation become negligible after 18km, and such distance implied
that transmission occurred between villages rather than within and around them. On the
other hand, the temporal range of about 6 years indicated that temporal correlation become

Figure 5. Annual uncertainties of the predictions of schistosomiasis in Anhui Province, China, from
2000 to 2010. Predictions were conducted only in endemic areas. The maps were created using the R
package gstat.

doi:10.1371/journal.pntd.0003470.g005
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negligible after this range, and such a long period reflected that the burden of schistosomiasis
should not vary greatly for each year and was probably related to the low infection rate as a re-
sult of implementation of schistosomiasis control strategies. The rising trend of the sample re-
sidual variogram (as shown by the 3-D plot in Fig. 3) indicated that spatio-temporal
correlation was present in schistosomiasis, though it is not very strong, after adjusting the cur-
rent environmental factors. This mild spatio-temporal correlation suggested that the spatio-
temporal pattern in schistosomiasis risk is probably already captured by the
environmental factors.

Kriging interpolation is principally based on spatial/spatio-temporal autocorrelation, the
precision of which would be poor if the spatial stratification is strong and spatial autocorrela-
tion is weak. The mean PD value of 0.17 for distance to snail habitat indicated that SD of
NDVI explained 17% of the variation of schistosomiasis; similarly, SD of LSTD and distance to
snail habitat explained 15% and 28% of the variation of the disease, respectively. The findings
implied that prevalence of schistosomiasis showed week spatial heterogeneity within the buff-
ers. Combined with ST correlation, the week spatial heterogeneity of the disease over the study
area during the study period justified the employment of spatio-temporal kriging.

The spatio-temporal variations of schistosomiasis risk shown in Fig. 4 can be explained by
the schistosomiasis control strategies implemented in the study period. In the early 1990s, the
Chinese government launched a 10-year World Bank Loan Project (WBLP) on schistosomiasis
control [36], strongly based on large-scale chemotherapy but with additional intervention ac-
tivities such as health education, chemical control of snails, and other environmental exposure
modifications. The disease, however, rebounded shortly after the conclusion of WBLP in 2001
[37,38]. This rebound can be seen from maps in 2002–2005. In order to deal with the rebound-
ing trend, a revised strategy, aimed at reducing the role of bovines and humans as infection
sources and based on integrated measures, was implemented from 2005 [39]. In addition to
chemotherapy and health education, water buffaloes and cows were replaced by tractors and
the integrated program also included such strategies as treatment of night-soil and provision of
piped, safe water [40], keeping domestic animals in barns [41], and reduction of snail habitats
through the construction of water conservancy projects [41]. However, the scattered distribu-
tion of schistosomiasis risk shown in maps of 2007 to 2009 suggested that the integrated strate-
gy could not effectively compress the spatial extent of the disease, indicating there are still large
populations at risk.

As a reflection of rebound trend of schistosomiasis, infected O. hupensis snails are still
found in certain locations along the Yangtze River [42], and there is concern that they might
spread further, possibly resulting in extensive re-emergence of infections among people and
domestic animals. Since control measures are limited to bovines and humans and more than
40 species of mammalians can serve as potential zoonotic reservoirs, the infectious-source mea-
sures can’t block the life cycle of the parasite completely [43]. Furthermore, the integrated strat-
egy is expensive as it involves many diverse activities while budgets on schistosomiasis control
may probably be reduced in the foreseeable future. A less costly, but still effective and sustain-
able control strategy is urgently needed. Targeting the snail habitats within areas of high schis-
tosomiasis risk can be a way out as the amphibious O. hupensis is the only intermediate snail
host and may, therefore, be the weak link in the parasite’s life cycle. Our analysis provides an
empirical basis for identifying priority areas. As seen in Fig. 4, areas with relatively high risk
(i.e., prevalence> 0.1%), especially those areas with constant clusters of risk, would definitely
be a priority for targeting schistosomiasis control in local regions.

Some limitations in our study deserve further discussions. Firstly, the slightly rising trend
of the sample residual variogram in Fig. 3 is probably due to lack of other risk factors, which
indicates that more risk factors should be considered. Therefore, in addition to the current
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environmental factors (i.e., LST, NDVI, and the Yangtze River), many other factors, such as
landscape metrics, socio-economic impacts, interventions, etc., should be warranted in further
studies. Second, spatio-temporal kriging model relies on an assumption of stationarity. This as-
sumption is appropriate when mapping disease over small areas, but might be questionable
over wide areas, such as a country [44]. To investigate the effects of non-stationarity is interest-
ing and challenging topic and should be considered in further studies. Finally, the specificity of
serological assays and the sensitivity of stool examination tests are not perfect [45]. The gener-
ally low levels of infection with S. japonicum in recent years result in uncertainty both with re-
gard to sensitivity and specificity of infection [46]. Modeling with diagnostic errors should be
considered in future studies.

In summary, this study investigated a region where schistosomiasis endemic remains of
public health and economic significance and might spread as infected snails are still found.
Combined with techniques of GIS and RS, the spatio-temporal kriging model disclosed the spa-
tio-temporal patterns of S. japonicum infection, which, we believe, helps to facilitate and enrich
risk modeling of the disease. The results can be used to identify priority areas where control ef-
forts should be taken. Compared to the ongoing costly integrated strategy with infectious-
source controlling as an emphasis, targeting snails (the only intermediate host in the parasite’s
life cycle) and taking corresponding effective actions (e.g., mollusciciding and environmental
modification) in these priority areas would be sustainable in schistosomiasis control in the
long term.

Author Contributions
Conceived and designed the experiments: ZZ QJ. Performed the experiments: FG QW SZ. An-
alyzed the data: YH RL. Contributed reagents/materials/analysis tools: LS. Wrote the paper:
YH RB HL ZZ.

References
1. Utzinger J, Keiser J (2004) Schistosomiasis and soil-transmitted helminthiasis: common drugs for treat-

ment and control. Expert Opin Pharmacother 5: 263–285. PMID: 14996624

2. King CH, Dickman K, Tisch DJ (2005) Reassessment of the cost of chronic helmintic infection: a meta-
analysis of disability-related outcomes in endemic schistosomiasis. Lancet 365: 1561–1569. PMID:
15866310

3. Steinmann P, Keiser J, Bos R, Tanner M, Utzinger J (2006) Schistosomiasis and water resources de-
velopment: systematic review, meta-analysis, and estimates of people at risk. Lancet Infect Dis 6:
411–425. PMID: 16790382

4. King CH (2013) Health metrics for helminth infections. Acta Trop. DOI: 10.1016/j.actatropica.2013.12.
001 PMID: 24513037

5. Finkelstein JL, Schleinitz MD, Carabin H, McGarvey ST (2008) Decision-model estimation of the age-
specific disability weight for schistosomiasis japonica: a systematic review of the literature. PLoS Negl
Trop Dis 2: e158. doi: 10.1371/journal.pntd.0000158 PMID: 18320018

6. Gryseels B, Polman K, Clerinx J, Kestens L (2006) Human schistosomiasis. Lancet 368: 1106–1118.
PMID: 16997665

7. Chen M, Feng Z (1999) Schistosomiasis control in China. Parasitol Int 48: 11–19. PMID: 11269321

8. Zhou XN, Wang LY, Chen MG,Wu XH, Jiang QW, et al. (2005) The public health significance and con-
trol of schistosomiasis in China—then and now. Acta Trop 96: 97–105. PMID: 16125655

9. Gray DJ, Williams GM, Li Y, McManus DP (2008) Transmission dynamics of Schistosoma japonicum in
the lakes and marshlands of China. PLoS One 3: e4058. doi: 10.1371/journal.pone.0004058 PMID:
19115007

10. Engels D, Chitsulo L, Montresor A, Savioli L (2002) The global epidemiological situation of schistosomi-
asis and new approaches to control and research. Acta Trop 82: 139–146. PMID: 12020886

Modelling Spatio-temporal Pattern of Schistosomiasis Risk

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003470 February 6, 2015 13 / 15

http://www.ncbi.nlm.nih.gov/pubmed/14996624
http://www.ncbi.nlm.nih.gov/pubmed/15866310
http://www.ncbi.nlm.nih.gov/pubmed/16790382
http://dx.doi.org/10.1016/j.actatropica.2013.12.001
http://dx.doi.org/10.1016/j.actatropica.2013.12.001
http://www.ncbi.nlm.nih.gov/pubmed/24513037
http://dx.doi.org/10.1371/journal.pntd.0000158
http://www.ncbi.nlm.nih.gov/pubmed/18320018
http://www.ncbi.nlm.nih.gov/pubmed/16997665
http://www.ncbi.nlm.nih.gov/pubmed/11269321
http://www.ncbi.nlm.nih.gov/pubmed/16125655
http://dx.doi.org/10.1371/journal.pone.0004058
http://www.ncbi.nlm.nih.gov/pubmed/19115007
http://www.ncbi.nlm.nih.gov/pubmed/12020886


11. Yang K, Wang X, Yang G, Wu X, Qi Y, et al. (2008) An integrated approach to identify distribution of
Oncomelania hupensis, the intermediate host of Schistosoma japonicum, in a mountainous region in
China. Int J Parasitol 38: 1007–1016. doi: 10.1016/j.ijpara.2007.12.007 PMID: 18294641

12. Hu Y, Zhang Z, Chen Y, Wang Z, Gao J, et al. (2013) Spatial pattern of schistosomiasis in Xingzi,
Jiangxi Province, China: the effects of environmental factors. Parasit Vectors 6: 214. doi: 10.1186/1756-
3305-6-214 PMID: 23880253

13. Brooker S, Michael E (2000) The potential of geographical information systems and remote sensing in
the epidemiology and control of human helminth infections. Adv Parasitol 47: 245–288. PMID:
10997209

14. Zhou XN, Malone JB, Kristensen TK, Bergquist NR (2001) Application of geographic information sys-
tems and remote sensing to schistosomiasis control in China. Acta Trop 79: 97–106. PMID: 11378146

15. Zhang ZJ, Carpenter TE, Lynn HS, Chen Y, Bivand R, et al. (2009) Location of active transmission
sites of Schistosoma japonicum in lake and marshland regions in China. Parasitology 136: 737–746.
doi: 10.1017/S0031182009005885 PMID: 19416552

16. Steinmann P, Zhou XN, Matthys B, Li YL, Li HJ, et al. (2007) Spatial risk profiling of Schistosoma japo-
nicum in Eryuan county, Yunnan province, China. Geospat Health 2: 59–73. PMID: 18686256

17. Pebesma E (2011) Spatio-temporal geostatistics using gstat.

18. Kyriakidis PC, Journel AG (2001) Stochastic modeling of atmospheric pollution: a spatial time-series
framework: Part I. Methodology. Atmos Environ 35: 2331–2337.

19. Bechini L, Ducco G, Donatelli M, Stein A (2000) Modelling, interpolation and stochastic simulation in
space and time of global solar radiation. Agr Ecosyst Environ 81: 29–42.

20. Snepvangers JJJC, Heuvelink GBM, Huisman JA (2003) Soil water content interpolation using spatio-
temporal kriging with external drift. Geoderma 112: 253–271.

21. Yu JM, de Vlas SJ, Jiang QW, Gryseels B (2007) Comparison of the Kato-Katz technique, hatching test
and indirect hemagglutination assay (IHA) for the diagnosis of Schistosoma japonicum infection in
China. Parasitol Int 56: 45–49. PMID: 17188018

22. Heuvelink G, Griffith D (2010) Space-time geostatistics for geography: a case study of radiation moni-
toring across parts of Germany. Geogr Anal 42: 161–179.

23. Box GEP, Cox DR (1964) An analysis of transformations (with discussion). Journal of the Royal Statisti-
cal Society, Series B 26: 211–252.

24. Wang JF, Christakos G, Hu MG (2009) Modeling Spatial Means of SurfacesWith Stratified Nonhomo-
geneity. IEEE T Geosci Remote 47: 4167–4174.

25. Wang JF, Li XH, Christakos G, Liao YL, Zhang T, et al. (2010) Geographical Detectors-Based Health
Risk Assessment and its Application in the Neural Tube Defects Study of the Heshun Region, China.
Int J Geogr Inf Sci 24: 107–127.

26. Brooker S, Clements AC, Bundy DA (2006) Global epidemiology, ecology and control of soil-transmit-
ted helminth infections. Adv Parasitol 62: 221–261. PMID: 16647972

27. Hao Y, Wang LY, Zhou XN, Chen HG, Huang XB, et al. (2009) Causes and risks of schistosomiasis
transmission in Poyang Lake region of Jiangxi Province, China. Chin J Schisto Control 21: 345–349.

28. Woolhouse ME (1998) Patterns in parasite epidemiology: the peak shift. Parasitol Today 14: 428–434.
PMID: 17040835

29. Yang GJ, Vounatsou P, Zhou XN, Tanner M, Utzinger J (2005) A Bayesian-based approach for spatio-
temporal modeling of county level prevalence of Schistosoma japonicum infection in Jiangsu province,
China. Int J Parasitol 35: 155–162. PMID: 15710436

30. Clements AC, Bosque-Oliva E, Sacko M, Landoure A, Dembele R, et al. (2009) A comparative study of
the spatial distribution of schistosomiasis in Mali in 1984–1989 and 2004–2006. PLoS Negl Trop Dis 3:
e431. doi: 10.1371/journal.pntd.0000431 PMID: 19415108

31. Guo JG, Vounatsou P, Cao CL, Utzinger J, Zhu HQ, et al. (2005) A geographic information and remote
sensing based model for prediction of Oncomelania hupensis habitats in the Poyang Lake area, China.
Acta Trop 96: 213–222. PMID: 16140246

32. Clements AC, Moyeed R, Brooker S (2006) Bayesian geostatistical prediction of the intensity of infec-
tion with Schistosoma mansoni in East Africa. Parasitology 133: 711–719. PMID: 16953953

33. Clements AC, Firth S, Dembele R, Garba A (2009) Use of Bayesian geostatistical prediction to estimate
local variations in Schistosoma haematobium infection in West Africa. Bulletin of theWorld Health Or-
ganization 87: 921–929. doi: 10.2471/BLT.08.058933 PMID: 20454483

34. Pesigan TP, Hairston NG, Jauregui JJ, Garcia EG, Santos AT, et al. (1958) Studies on Schistosoma
japonicum infection in the Philippines. 2. The molluscan host. Bull World Health Organ 18: 481–578.
PMID: 13536804

Modelling Spatio-temporal Pattern of Schistosomiasis Risk

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003470 February 6, 2015 14 / 15

http://dx.doi.org/10.1016/j.ijpara.2007.12.007
http://www.ncbi.nlm.nih.gov/pubmed/18294641
http://dx.doi.org/10.1186/1756-3305-6-214
http://dx.doi.org/10.1186/1756-3305-6-214
http://www.ncbi.nlm.nih.gov/pubmed/23880253
http://www.ncbi.nlm.nih.gov/pubmed/10997209
http://www.ncbi.nlm.nih.gov/pubmed/11378146
http://dx.doi.org/10.1017/S0031182009005885
http://www.ncbi.nlm.nih.gov/pubmed/19416552
http://www.ncbi.nlm.nih.gov/pubmed/18686256
http://www.ncbi.nlm.nih.gov/pubmed/17188018
http://www.ncbi.nlm.nih.gov/pubmed/16647972
http://www.ncbi.nlm.nih.gov/pubmed/17040835
http://www.ncbi.nlm.nih.gov/pubmed/15710436
http://dx.doi.org/10.1371/journal.pntd.0000431
http://www.ncbi.nlm.nih.gov/pubmed/19415108
http://www.ncbi.nlm.nih.gov/pubmed/16140246
http://www.ncbi.nlm.nih.gov/pubmed/16953953
http://dx.doi.org/10.2471/BLT.08.058933
http://www.ncbi.nlm.nih.gov/pubmed/20454483
http://www.ncbi.nlm.nih.gov/pubmed/13536804
wjf
高亮



35. Zhou XN, Yang GJ, Yang K, Wang XH, Hong QB, et al. (2008) Potential impact of climate change on
schistosomiasis transmission in China. Am J Trop Med Hyg 78: 188–194. PMID: 18256410

36. Yuan H, Jiagang G, Bergquist R, Tanner M, Xianyi C (2005) The 1992–1999World Bank schistosomia-
sis research initiative in China: outcome and prospectives. Parasitol Int 49: 195–207.

37. Utzinger J, Bergquist R, Shu-Hua X, Singer BH, Tanner M (2003) Sustainable schistosomiasis control
—the way forward. Lancet 362: 1932–1934. PMID: 14667754

38. Zhang Z, Zhu R, Ward MP, XuW, Zhang L, et al. (2012) Long-term impact of theWorld Bank Loan Proj-
ect for schistosomiasis control: a comparison of the spatial distribution of schistosomiasis risk in China.
PLoS Negl Trop Dis 6: e1620. doi: 10.1371/journal.pntd.0001620 PMID: 22530073

39. Li SZ, Luz A, Wang XH, Xu LL, Wang Q, et al. (2009) Schistosomiasis in China: acute infections during
2005–2008. Chin Med J (Engl) 122: 1009–1014. PMID: 19493433

40. Zhang S, Wang T, Tao C, Chen G, Chen J, et al. (2005) Observation on comprehensive measures of
safe treatment of night-soil and water supply, replacement of bovine with machine for schistosomiasis
control. Chin J Schisto Control 17: 437–442.

41. Chen XY, Wang LY, Cai JM, Zhou XN, Zheng J, et al. (2005) Schistosomiasis control in China: the im-
pact of a 10-year World Bank Loan Project (1992–2001). Bull World Health Organ 83: 43–48. PMID:
15682248

42. Yang K, Li W, Sun LP, Huang YX, Zhang JF, et al. (2013) Spatio-temporal analysis to identify determi-
nants of Oncomelania hupensis infection with Schistosoma japonicum in Jiangsu province, China.
Parasit Vectors 6: 138. doi: 10.1186/1756-3305-6-138 PMID: 23648203

43. Zhou YB, Liang S, Jiang QW (2012) Factors impacting on progress towards elimination of transmission
of schistosomiasis japonica in China. Parasit Vectors 5: 275. doi: 10.1186/1756-3305-5-275 PMID:
23206326

44. Gosoniu L, Vounatsou P, Sogoba N, Smith T (2006) Bayesian modeling of geostatistical malaria risk
data. Geospat Health: 127–139.

45. Wang XH, Zhou XN, Vounatsou P, Chen Z, Utzinger J, et al. (2008) Bayesian spatio-temporal modeling
of Schistosoma japonicum prevalence data in the absence of a diagnostic’gold' standard. PLoS Negl
Trop Dis 2: e250. doi: 10.1371/journal.pntd.0000250 PMID: 18545696

46. Zhou YB, Zheng HM, Jiang QW (2011) A diagnostic challenge for Schistosomiasis japonica in China:
consequences on praziquantel-based morbidity control. Parasit Vectors 4: 194. doi: 10.1186/1756-
3305-4-194 PMID: 21981948

Modelling Spatio-temporal Pattern of Schistosomiasis Risk

PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003470 February 6, 2015 15 / 15

http://www.ncbi.nlm.nih.gov/pubmed/18256410
http://www.ncbi.nlm.nih.gov/pubmed/14667754
http://dx.doi.org/10.1371/journal.pntd.0001620
http://www.ncbi.nlm.nih.gov/pubmed/22530073
http://www.ncbi.nlm.nih.gov/pubmed/19493433
http://www.ncbi.nlm.nih.gov/pubmed/15682248
http://dx.doi.org/10.1186/1756-3305-6-138
http://www.ncbi.nlm.nih.gov/pubmed/23648203
http://dx.doi.org/10.1186/1756-3305-5-275
http://www.ncbi.nlm.nih.gov/pubmed/23206326
http://dx.doi.org/10.1371/journal.pntd.0000250
http://www.ncbi.nlm.nih.gov/pubmed/18545696
http://dx.doi.org/10.1186/1756-3305-4-194
http://dx.doi.org/10.1186/1756-3305-4-194
http://www.ncbi.nlm.nih.gov/pubmed/21981948


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


