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Abstract

Background: Malaria re-emerged in the Huang-Huai Plain of central China during 2006-2008, dominated with
Anopheles sinensis as a vector. However, there is no information on strategies based on multi-factor analysis to
effectively control the re-emergence of malaria in these areas. Previous experience indicates some relationship
between the distribution of water bodies and malaria cases, but more detailed data are not available and in-depth
studies have not been conducted up to now. The objective of this study was to identify the relationship between
the distribution of water bodies and presentation of malaria cases using spatial analysis tools in order to provide
guidance to help formulate effective strategies for use in controlling the sources of malaria infection, based on the
identification of risk areas and population.

Methods: The geographic information of malaria cases and their surrounding water bodies were collected from
Suixi, Guoyang, Guzhen, Yingshang, Fengyang and Yonggiao County in Anhui province, Yongcheng and Tongbai
County in Henan province. All malaria cases distributed in 113 villages in these 8 counties were collected from the
China Information System for Disease Control and Prevention and confirmed by household investigation. Data on
GIS and malaria cases were mapped and analyzed with the software of ArcGIS 9.2 to identify the spatial correlation
between malaria cases and water bodies. The distance from households with malaria cases to the nearest water
bodies was used to calculate the OR value by Chi-square test. The risk area was identified through the comparison
of OR values in different distances.

Results: 357 malaria cases and their GPS data as well as surrounding water bodies were collected and analyzed.
74% of malaria cases were located within the extent of 60 m proximity to the water bodies. The risk rate of people
living there and presenting with malaria was significantly higher than others (OR =1.6,95%C/ (1.042, 2.463),P < 0.05).

Conclusions: The results revealed that distribution of water bodies is an important factor influencing the
occurrence and distribution of malaria cases in the An.sinensis areas, and implies that the scope and population
within 60 m around water bodies are at risk and could be a targeted population for case management of malaria.
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Background
Historically the Huang-Huai Plain of central China was
seriously epidemic for Malaria, and the number of
cases in these areas was up to 21.99 million, account-
ing for 91.2% of the total reported cases in the country
in 1970. With active implementation of malaria control
measures for more than 30 years, considerable success
had been achieved and the cases decreased dramatic-
ally and many counties have reached the standard of
the basic malaria elimination (the incidence was less
than 1/10000) [1]. But from early in the 21st century,
malaria re-emerged in the central parts, especially the
Anhui and Henan Provinces in Huang-Huai Plain
located along the latitude 33°N with an average yearly
temperature of 16 °C. Total 64,178 malaria cases and
52,082 suspected cases with 38 deaths were reported in
917 counties of 23 Provinces in 2006, most malaria
cases in this year with 66.4% coming from Huang-Huai
Plain [2]. Afterwards, the re-emergence was effectively
controlled under the enhancive control strategies and
the support from the Global Funds, but the number of
malaria cases and the incidence in this area has still
contributed to more than 60% of the total cases in the
country in recent years [3].

The main malaria vectors in this area are An. sinensis
and An. anthropophagus in the past, but in recent years
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the density of An. anthropophagus was very low, and the
re-emergence is mainly caused by An. sinensis which is
developed either in the streams and pools or accumu-
lated water on the ground [4]. These mosquitoes are less
sensitive to vector controls such as indoor residual
spraying (IRS) and insecticide-treated bed-nets (ITNs)
because this species is campestral and its sucking habit is
on cattle and pigs. Thus the control of infection sources
is the major malaria control strategy in these areas [4,5].
Therefore, it is necessary to define the extent of infection
sources for case management such as case detection, foci
identification and anti-relapse treatment. The malaria
cases are the major source of infection and the distribu-
tion of malaria cases matches well with the location of
mosquito larval habitats [6-9] which is the leading vector
in this area, inhabiting small water bodies (paddy fields,
gullys, etc.) [10]. As there is limited information about
the spatial characteristics of water bodies and their rela-
tionship to the distribution of malaria cases in China, the
objective of this study was to explore the spatial relation-
ship between water bodies and malaria cases.

Methods

Study sites and subjects

According to the identification of the position (upper\mid-
dle\lower of the region) and the diversity of topographical
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Figure 1 The map shows the location of the study sites and the Huang-Huai plain.
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Figure 2 Water bodies. a. Shows the stream around the villages,
which are considered and defined to be one kind of water body.
b. Shows another kind of water body: accumulated water on the

ground in the villages.
A

features, 113 villages (Anhui 90, Henan 23) in 8 counties (6
counties in Anhui: Fengyang, Guzhen, Suixi, Guoyang,
Yingshang, Yonggiao County; 2 counties Henan: Yong-
cheng County and Tongbai County) were selected by strati-
fied random unequal proportion sampling methods. All the
counties were located at latitude 32°17' ~34°18" N, longi-
tude 113° ~ 117°09°E along the Yellow River and Huai River,
with malaria re-emergence in recent years (Figure 1). The
information of malaria cases in these counties were
obtained from the National Malaria report system in
2004 ~ 2007, confirmed by household investigation.

Data collection
1. The data collection of water bodies

The term “water bodies” refers to the paddy fields,
gully and little stream, which are suitable breeding
sites of An. sinensis (Figure 2a, b). The identification
of water bodies was conducted under the supervision
of experienced experts who had been working on
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vector surveys for more than 20 years. The data was
collected during the season that was suitable for mal-
aria transmission, which is from June to October. At
that time, it is easy to define the breeding sites of An.
sinensis by finding the larvae in the water. The data
collection of malaria cases and the location of house-
holds in the village.

Based on reported malaria cases in the target vil-
lages household investigations were conducted to con-
firm all the epidemiological information and especially
to make sure there were no invalid cases. The geo-
graphic information on all the residences including
malaria cases and water bodies in the villages were
collected using a hand-held GPS (Global Positioning
System, GPS) locator.

Data analysis

1. Database development: The software of Mapsource
was used to transform GPS data into Excel format
for establishing the database.

2. Spatial analysis: The distances between houses of
malaria cases and water bodies were calculated with
software ArcGIS 9.2. Buffer analysis was conducted
based on multiple buffer rings with water bodies to
be the center. The Straight—Line Distance Function
was used to calculate the distances from households
of cases to the nearest water bodies, based on the
results of buffer analysis.

3. Statistical analysis:

3.1 The straight-line distances from the houses of
cases to the nearest water bodies were analyzed
using software SPSS 11.5. The descriptive
statistical analysis was conducted to get the
statistical distribution of distance from house to
water bodies and get the general characters of
these data.

3.2 Based on the results of 3.1, all the residents in
each village were grouped according to the
characteristics of the distribution of malaria cases,
and chi-square test was used to analyze and
evaluate the risk of malaria transmission.

Results

1. The spatial correlation between malaria cases and
water bodies of 246 households with malaria cases
and more than 300 water bodies were collected from
geographic data by GPS in the 90 villages from 6
counties in Anhui. The descriptive statistic results
show that the distances from households of cases to
the nearest water bodies had a positive-skew
distribution (Figure 3), the median was 60.9 m.
74.28% (182/246) of cases were distributed at a
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cases distributed in the villages with three groups (see legend).

Figure 3 a. The percentage of malaria cases at different distances from the water bodies. b. The general spatial characteristics of malaria
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Figure 4 The statistical distribution of distance from house to
water bodies.

distance <60 m, 16.34% (40/246) of them were
located at a distance of 60-120 m, and 9.38% (182/
246) were scattered over 120 m. (Figure 4).

2. The risk area of malaria transmission

The data from 587 households and 141 confirmed
cases as well as information on water bodies collected in
7 villages in Yongcheng County and Tongbai County
were tested, and compared to make sure there was
consistency between studies in Henan and Anhui
(showed in Figure 5 and Figure 6).

These data of residents were grouped according to dif-
ferent distances from their houses to the nearest water
bodies. Based on the spatial correlation between malaria
cases and water bodies, locations of residents were clas-
sified into different groups in every 5 m distance. A sig-
nificant difference is seen only in the 60 m group
(P<0.05) (Table 1). The y2 test was conducted to analyze
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Figure 5 The percentage of malaria cases at different distances from water bodies (study sites in Anhui).

16.34%

9.38%

>120m
Distance

the difference between proportions of case and non-case
(Table 2).

It is implied that 60 m may be the critical division of
malaria risk areas. Grouping the residents in each village
by the distance from their houses to the nearest water
bodies (> 60 m and <60 m), the total number of house-
holds in group =60 m was 391(290 without malaria cases
and 101 with malaria cases) while in the group > 60 m,
there are 196 households with 35 malaria cases. The pro-
portion of malaria cases in the group =60 m is signifi-
cantly higher than that of the group >60 m (y2 = 4.664,
P <0.05; OR=1.602, 95%CI (1.042,2.463), P<0.05). It

concluded that people living within the extent of 60 m
near water bodies have more risk of malaria infection.

Discussion

As a vector-borne disease, malaria transmission has a
close relationship with the biological and natural factors
due to the vectors—anopheles. Currently An. sinensis is
the sole or major vector in the Huang-Huai Plain, this
mosquito is campestral and its blood feeding habit is on
cattle and pigs, and its larval habitats are the small water
bodies such as ponds, paddy fields, gullies, and so on
[11,12]. Vector control measures such as ITN are not
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Figure 6 The percentage of malaria cases at different distances from water bodies (study sites in Henan).
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Table 1 The Chi-square and OR value of Different group
division

Group chi-square P value OR 95%ClI

50 m 0919 0338 1.16 0.851 1.593
55m 3.125 0.077 1332 0.964 1.84
60 m 4.664 0.041 1.602 1.042 2463
65 m 3.398 2.306 2.706 1.869 3918

The Table 1 showed Chi-square and OR value of Different group division and
presented that how the cut-off 60 m was identified.

Table 2 Comparison of the risk between two groups

Group No. of households Total
No-cases Cases
=60 m 290 101 391
> 60 m 161 35 196
Total 451 136 587

The Table 2 showed the x2 analysis of two groups (no-cases and cases).

effective in these areas. Thus case management is critic-
ally important especially in the interventions to risk
population around mosquito breeding -water bodies.
The previous studies [9,13,14] found a negative relation-
ship between the risk of malaria infection and the dis-
tance from the anopheles breeding sites to the houses:
the closer residents live to anopheles breeding sites, the
higher the risk of malaria infection becomes, due to the
higher density of anopheles. Entomological survey found
that the anopheles prefer to lay eggs near the blood meal
sites, which results in an increase of vector density, thus
causing the increase of malaria risk among people living
close to larval habitats. However, little information about
the relationship between larval habitat distribution and
malaria cases can be obtained in this area in the histor-
ical literature. We evaluated the relationship between
malaria prevalence and the distribution of water bodies,
and obtained similar results to the previous studies on
other anopheles spp. [15-21].

All of the study sites belong to under-developed coun-
ties and have similar social factors, such as the cultiva-
tion (the main crops are wheat, rice, corn, soybean, etc.),
architectural style of houses (only windows in the front
of house), and daily habits (most of the residents prefer
to sleep outside in summer). So, excluding the effect of
social factors, the results of our study indicated that the
increase of malaria risk near the water bodies could be
attributed to the anopheles habitat.

The Huang-Huai Plain has been malaria endemic
many times, according to the previous national reports.
The main strategies used for control was anti-malaria
treatment, given to all the people or administration of
the medicine to all the people for prevention [10]. How-
ever, as these strategies were expensive and had low
compliance, they were abandoned in some counties.
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Some suggestions based on our results have been given
for rolling back re-emergence and controlling transmis-
sion of malaria, this includes: the high risk population
should be identified based on the distance from housing
to water bodies (<60 m) which is more cost effective;
People living in the risk area are the targeted population
who should take some preventative treatment; mosquito
breeding sites around housing needs to be cleared, taking
measures particularly against larvae.

Conclusion

The Huang-Huai Plain was malaria endemic area,
according to the previous national reports. The main
strategies used for control was anti-malaria treatment,
given to all the people or administration of the medicine
to all the people for prevention [10]. This study com-
bined investigation in the field and spatial analysis on
computer, to describe the character of malaria cases dis-
tribution in the village level and develop the risk map.
The results revealed that distribution of water bodies is
an important factor influencing the occurrence and dis-
tribution of malaria cases in the An.sinensis areas, and
implies that the scope and population within 60 m
around water bodies are at risk and could be a targeted
population for case management of malaria.
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