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Background: Malaria still represents a significant public health problem in China, and the cases dramatically
increased in the areas along the Huang-Huai River of central China after 2001. Considering spatial aggregation of
malaria cases and specific vectors, the geographical, meteorological and vectorial factors were analysed to
determine the key factors related to malaria re-emergence in these particular areas.

Methods: The geographic information of 357 malaria cases and 603 water bodies in 113 villages were collected to
analyse the relationship between the residence of malaria cases and water body. Spearman rank correlation, multiple
regression, curve fitting and trend analysis were used to explain the relationship between the meteorological factors
and malaria incidence. Entomological investigation was conducted in two sites to get the vectorial capacity and the
basic reproductive rate to determine whether the effect of vector lead to malaria re-emergence.

Results: The distances from household of cases to the nearest water-body was positive-skew distributed, the
median was 60.9 m and 74% malaria cases were inhabited in the extent of 60 m near the water body, and the risk
rate of people live there attacked by malaria was higher than others(OR = 1.6, 95%C/ (1.042, 2.463), P < 0.05). The
annual average temperature and rainfall may have close relationship with annual incidence. The average monthly

in these areas.

temperature and rainfall were the key factors, and the correlation coefficients are 0.501 and 0.304(P < 0.01),
respectively. Moreover, 75.3% changes of monthly malaria incidence contributed to the average monthly
temperature (Thean), the average temperature of last two months(T eanot) and the average rainfall of current
month (Ryean) and the regression equation was Y = -2.085 + 0.8391; + 0.998T eano - 0.86Tmeanor + 0.16Rmeano. All
the collected mosquitoes were Anopheles sinensis. The vectorial capacity and the basic reproductive rate of An.
sinensis in two sites were 0.6969, 04983 and 2.1604, 1.5447, respectively.

Conclusion: The spatial distribution between malaria cases and water-body, the changing of meteorological
factors, and increasing vectorial capacity and basic reproductive rate of An. sinensis leaded to malaria re-emergence

Background

Malaria is an important cause of death and illness in
children and adults in tropical countries. According to
World Malaria Report 2009[1], half of the world’s popu-
lation is at risk of malaria and an estimated 243 million
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cases led to nearly 863,000 deaths in 2008. Despite sig-
nificant reductions in the overall burden of malaria in
the 20™ century, the disease still represents a significant
public health problem in China [2].

Malaria was historically epidemic in the Huang-Huai
River region of central China and the total malaria cases
in these areas were 21.99 million, accounting for 91.2%
of the total reported cases in the country in 1970s. With
active implementation of malaria control measures for
more than 30 years, considerable success had been
achieved and the cases decreased dramatically and many
counties in Huang-Huai River region reached the
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standard of the basic malaria elimination (the incidence
is below than 1/10,000). Early in the 21" century,
malaria has re-emerged in these areas, especially the
Anhui Province, and a total 26,873 malaria cases and
108,594 suspected cases with 23 deaths were reported
by the annual case reporting system in 858 counties of
22 Provinces in 2008, and the annual incidence was
0.21/10 000. In central China, the re-emergence of
malaria was controlled in 2008, but the number of
malaria cases and the incidence in central China still
accounts for 68% of the total cases [3]. According to a
2003 national report [4], it was estimated that only 1/18
(5.6%) cases in China were notified and the actual num-
ber of cases was higher than reported. Besides, malaria
vectors in this area included Anopheles sinensis and
Anopheles anthropophagus historically.

In fact, social and economical status have significantly
changed since 1990s in central parts of China, and
malaria control interventions also transferred from vec-
torial controls such as IRS, ITNs combined with case
management to enhancing case detection with health
education particularly on risk and vulnerable population.
Considering the complication and uncertain quality of
social and economical factors only the geographical
environment and biological factors were analysed to
determine the key factors related to the malaria out-
break and re-emergence, which would help to formulate
methodologies for malaria monitoring, forecasting and
early warning.

Methods

Geographical factors

Study sites and subjects

According to the identification of the position and the
diversity of topographical features, 113 villages from
eight counties (Fengyang, Guzhen, Suixi, Guoyang, Ying-
shang, Yongqgiao County in Anhui Province; Yongcheng
and Tongbai County in Henan Province) were selected
by stratified random unequal proportion sampling
method. All the counties were located at 32°17'~34°18’
north latitude, 113°~117°09 east longitude along the
Huang-Huai River, with malaria re-emergence in recent
years (Figure 1).

Data collection

The information on malaria cases in eight counties was
collected from the national reporting system in
2004~2007, confirmed by a household investigation, con-
ducted to confirm all of the reported malaria cases. The
water-body is defined as the paddy fields, gully and little
stream, which are suitable breeding sites of An. sinensis.
The identification of water-bodies was conducted under
the supervision of experts, and data on 357 cases house-
holds and 603 water-bodies was collected using hand-
held GPS (global positioning system) locator.
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Data analysis

The data of longitude and latitude were imported into
Excel. The software of Map source was used to conduct
data processing and database was constructed in Excel.
Spatial analysis was performed with software ArcGIS 9.2
to calculate the distance between houses of malaria cases
and water-body. Buffer analysis was conducted based on
multiple buffer rings with water-body to the center. The
Straight-Line Distance Function was used to calculate the
distances from household of cases to the nearest water-
body, based on the results of buffer analysis.

The straight-line distances from the house of cases to
the nearest water-body were analysed using software
SPSS 11.5. All the residents in an individual village were
grouped according to the characteristics of the distribu-
tion of malaria cases, and chi-square test was used to
analyse the risk of malaria transmission. To exclude the
effect of social factors, such as usage of mosquito net
and size of family, chi-square test was conducted to
identify the difference between groups.

Meteorological factors

Data collection

Monthly climate data including average temperature,
average maximum temperature, average minimum tem-
perature, relative humidity and rainfall from 1990 to
2006 in Huaiyuan County and Tongbai County were
obtained from China Meteorological Data Sharing Ser-
vice System [5]. Temperature and rainfall variables are
measured in millimeters (mm) and centigrade (°C)
respectively. Data on malaria were obtained from the
Center for Diseases Prevention and Control of Anhui
Province, Henan Province and Diseases Surveillance Sys-
tem of China [4]. Monthly data of the count of blood
films examined for malaria and those positive for
malaria were obtained from the routinely report by
Anhui Province, Henan Province CDC. Data aggregated
were available for the years 1990-2006. Population
demographics for the county were provided by the
Anhui and Henan of Statistics. It was assumed that each
resident in the county was at risk for infection of
malaria.

Spearman rank correlation

The curves of malaria annual incidence, average annual
temperature, average annual rainfall and average annual
relative humidity were delineated to explain the annual
trends of these factors changes and its relationship with
the re-emergence of malaria. Considering the cycle of
growth and development of Plasmodium vivax and ano-
phelines, the new parameters were derived as follow:
Tmean01¢ TmeanOlZ’ RmeanOI; Rmean012’ MmeanOlt MmeanOlZ-
Spearman correlation analysis was conducted to exam-
ine the association between monthly malaria incidence
and climate variables using the SPSS software.
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Figure 1 Study sites for geographical factors analysis.

Regressive analysis

Curve fitting and trend analysis

Based on the results of the Spearman rank correlation
and multiple regression analysis, curve fitting and trend
analysis was used to explain the relationship between
these factors and malaria transmission.

Vectorial factors

Study site

Huaiyuan County in Anhui Province and Yongcheng
County in Henan Province were selected as the study
sites for vector investigation. Huaiyuan County is situ-
ated at 33°14’north latitude and 116°51’east longitude
and Yongcheng County located at 33°48’north latitude
and 116°12’east longitude. These were plain landscapes
with soybean as the primary crop, and rare paddy fields.
Pesticides were seldom used for soybean. Many ditches
were distributed around the villages and there was
much water in August and September. This water-body
was flow relief, clear and shaded, which was a good
breeding ground for larvae of Anopheles. It was a fixed
vectorial area, including An. sinensis and An. anthropo-
phagus based on historical vectorial investigations in the
Huang-Huai River region. The average vector capacity
in this area was 0.1686 in 1990s.

Adult anopheles collections and morphological
identification

To determine the species and numbers of Anopheles bit-
ing people in the area, collections on human bait, some-
times euphemistically called landing counts, have been
performed. Human bait collections were undertaken
from 19:30 hours to 00:00 hours. The procedure con-
sisted of sitting down and exposing the legs to host-
seeking anopheles. When these landed on any area of
the body, and before they started biting then are cap-
tured with an oral aspirator (sucking tube), then care-
fully blown into cardboard cartons covered with
mosquito netting. Collectors tired after 3-4 hours, and
were best rotated with a fresh team after such an inter-
val. All the collected adult Anopheles were identified
morphologically.

The entire people involved in human bait were
approved by the Ethical Committee of center for China
diseases control and prevention.

Anopheles biting rate

The total numbers of mosquitoes caught each hour was
recorded separately so that the hours of maximum bit-
ing are obtained for the different species. All the Ano-
pheles in the house and bed nets were collected from
06:00 hours to 07:00 hours and the number of bed nets
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and people in bed nets were also recorded to calculate
the anopheles biting density [6].

Blood meal identification

The abdomens of wild-caught, blood-engorged mosqui-
toes or half-gravid females with some remaining undi-
gested blood were squashed onto filter paper, which was
stored in desiccators until tested. The dried blood was
extracted subsequently in buffer and tested by ring pre-
cipitation reaction [7]. The probability that the mosquito
would take a human blood meal during a particular day
(a) would be obtained based on the human blood index
and the number of days the vector lives (n). In this
study the number of days An. sinensis was 2.5 d based
on preliminary results [8].

Age-grading methods (M)

Determination of the age of female mosquitoes is
important for understanding malaria epidemiology and
assessing the efficacy of vector control programmes. The
method involved an examination of the tracheoles cov-
ering the ovaries of unfed females to determine whether
a mosquito had or had not laid eggs. The proportion of
parous females was obtained. The probability of daily
survival of females (an important entomological para-
meter in malaria epidemiology) was estimated based on
the proportion of parous females in the population.
Sporogonic (extrinsic) incubation period

The development of both the vector and parasite is tem-
perature dependent. The female Anopheles is not imme-
diately infective after taking a blood meal and the
parasite requires a period of time within the mosquito
for its development to an infective stage. The period is
termed the extrinsic incubation period and its duration
under favourable conditions of the vector is dependent
on ambient temperature and humidity. Optimum condi-
tions for sporogony are between 25°C and 30°C and the
duration of sporogonic (extrinsic) development of P.
vivax in Anopheles in relation to environmental tem-
perature (25°C) was 10 days [9].

The vectorial capacity (C) and the basic reproductive rate
2

The vectorial capacity is a transmission probability index
based on Ry, but incorporates the duration of sporog-
ony, vector density and duration of infectivity in humans
sustain malaria, there needs to be a sizeable population
of vectors, and their longevity was, therefore, a key fac-
tor. In general, vectors tend to die as a result of external
factors before completing their full life span, and only a
small proportion of mosquitoes survive long enough to
transmit disease. The female Anopheles takes a blood
meal once every 2-4 days. The length between blood
meals was dependent on temperature and also on the
preference of the vector for biting humans. Sporogony
lasts 8-25 days for the most efficient human malaria
parasites. This duration is genetically determined and
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temperature dependent. The average life expectancy of
vectors of human malaria is 20-25 days and the average
daily death rate is 4-5 per cent. These estimations have
been made by direct observation of different anopheline
species and are taken into consideration in the determi-
nation of the vectorial capacity, which was defined
mathematically as:

C=ma’p™ | -log,P

Ry combined measures of mosquito infectivity and
survival and was calculated using the formula [10]:

ma’p" [ -1 (log.P)

Results

Most cases with more risk located in the extent of 60 m
far from water-body

The results of analysis in the 90 villages from six coun-
ties (Fengyang, Guzhen, Suixi, Guoyang, Yingshang,
Yongqiao) showed that the distances from household of
cases to the nearest water-body was positive-skew dis-
tributed, the median was 60.9 m, which indicated that
most cases (74.28%) located in the extent of 60 m far
from water-body in villages (Figures 2 and 3).

Besides, the analysis of the risk scope of malaria trans-
mission was based on the result above. The consistency
between Henan and Anhui Province was tested, and
comparison results are shown in Figure 4. The residents
in each village were divided into two groups (more than
60 m and less than 60 m) by the distance from their
houses to the nearest water-body; the proportion of
malaria cases in the two groups was calculated through
SPSS 11.5. The results showed as follow: 2 = 4.664, P
< 0.05; OR = 1.602, 95%CI (1.042, 2.463), P < 0.05. Peo-
ple living in the extent of 60 m near to the water-body
had more risk of malaria infection than the farther peo-
ple, the risk ratio was 1.6.

Temperature was the key meteorological factors
correlation to malaria incidence
The curves of malaria annual incidence, average annual
temperature, average annual rainfall and average annual
showed that the annual temperature, average annual
rainfall may have close relationship with malaria annual
incidence (Figures 5 and 6) and relative humid did not.
The malaria incidence of Huaiyuan County and Tongbai
County increased from 0.33/100,000 to 188.43/100,000,
0.25/100,000 to 637.28/100,000, accordingly the average
annual temperature increased 0.87°C and 0.65°C,
respectively.

The new parameter was derived based on the meteor-
ological data, including the average temperature of last
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Figure 2 The proportion of malaria cases in different extent.
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two months (T ean01), the average temperature of last
three months (T can012), the average rainfall of last two
months (Ryeano1), the average rainfall of last three
months (Ryeano12), the relative humidity of last two
months (Meano1), the relative humidity of last three
months (M,eano12)- Spearman correlation showed that
T meano and Teano1 Were the top two factors with posi-
tive correlation to monthly malaria incidence, the corre-
lation coefficients (r) were 0.447 and 0.453 (P < 0.01),
respectively.

Stepwise regression was used to establish the models
to determine the contribution rate of all the parameter.
Model 4 was the best one with the higher R, R*> and
lower standard error (Table 1 and 2). Therefore, accord-
ing to Model 4, the regression equation was Y = -2.085

+ 08391, + 0.998T 1 ean0 - 0-86Tmeano1 + 0-16R,cano. The
multiple regression showed that 75.3% changes of
monthly malaria incidence contributed to the average
monthly temperature (T ,ean), the average temperature
of last two months (T eano1) and the average rainfall of
current month (Rpean)-

The vectorial capacity and the basic reproductive rate
were increasing

94 and 107 adult mosquitoes were collected in Huaiyuan
County and Yongcheng County, respectively, which
were An. sinensis by morphological identification. The
biting activity, the human biting rate, the vectorial capa-
city and the basic reproductive rate of An. sinensis in
Huaiyuan County and Yongcheng County are shown in
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Figure 3 The statistic distribution of distance from house to
water-body.

Table 3. The biting time of An. sinensis were from 19:30
to 24:00 locally with a peak time from 21:00 to 24:00.
The biting time in Huaiyuan County was earlier than
that in Yongcheng County, and the human biting rate,
the vectorial capacity and the basic reproductive rate of
the former were higher than that of the latter, although
the human blood index of the two was similar, which
indicated that the transmission capacity of of An. sinen-
sis in Huaiyuan County was higher than that of Yong-
cheng County. Moreover, the vectorial capacities of An.
sinensis of two sites were 0.6969 and 0.4689, which were
4.12 and 2.78 times higher compared to that of 1990s.
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Discussion

As with other vector-borne diseases, malaria typically
was driven by climatic, ecological and human factors
[11-15]. Previous studies [16-18], focused on the Ano-
pheles flavirostris and Anopheles gambiae, had found a
negative relationship between the risk of malaria infec-
tion and the distance from the Anopheles breeding sites
to the houses. Entomological surveys found that the
female Anopheles requires surface water in which to lay
her eggs and in which the larvae hatch after 2-3 days.
Anopheles gambiae was observed to breed more prolifi-
cally in temporary and turbid water bodies, such as
those formed by rain, whereas in permanent water
bodies predation becomes important. In studies con-
ducted in the area along the Huang and Huai Rivers,
An. sinensis was the major vector of malaria, with larval
habitats in small water-bodies, such as ponds, paddy
fields or gullies [19,20]. The results of the present study
showed the distances from household of cases to the
nearest water-body were positive-skew distributed, the
median was 60.9 m and people living in the extent of 60
m near to the water-body had more risk of malaria
infection than the farther people. Therefore, it could be
suggested to identify the targeted high-risk population
and strengthen the treatment to mosquito breeding
sites.

Spearman correlation showed that monthly incidence
of malaria to various monthly climatic variables and
T neano and Tieanor Were key factors which had positive
correlation to monthly malaria incidence, the correlation
coefficients (r) were 0.447 and 0.453 (P < 0.01), respec-
tively. The multiple regressions showed that 75.3%
changes of monthly malaria incidence contributed to

74.28%
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a0.00%
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B - 2
Q0% -

<8om €0-120m *130m
Distance

Figure 4 The percent of malaria cases in different extent. (A): Anhui Province; (B): Henan Province
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Figure 5 The trends of average annual temperature and malaria incidence in 1990-2006.

T means Tmeanol» Rmean- 1t has been investigated [18-21]
that temperature and rainfall played the determinant
role of environmental factors in the transmission of
malaria Temperature and rainfall may not influence the
transmission of malaria in a linear and direct way. The
rainfall often leads to small puddles serving as mosquito

breeding sites and it increases humidity, which enhances
mosquito survival [22,23]. However, the relationship
between mosquito abundance and rainfall was non-
linear.

The Huang-Huai River region is a stable vectorial area
and the severe malaria epidemics in last century were
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Table 1 Regression model by stepwise regression

Model R R? Adjusted R? Standard error
1 850 723 723 11.0025
2 860 739 738 10.6892
3 865 749 747 105123
4 868 753 751 104356

Note: a. variable in modle1: (Constant), I1;

b. variable in model 2: (Constant), 11, Tieano:

c. variable in model 3: (Constant), 11, Tmeanos Tmeanot;

d. variable in model 4: (Constant), 11, Trmeanos Tmeano1, Rmeano:
e. Dependent Variable: |,

mainly caused by An. anthropophagus with higher vec-
torial capacity. However, malaria outbreaks and re-
emergence this time was only in areas with An. sinensis,
with 94.2% of malaria cases found in this area, which
may indicate that the vectorial capacity of An. sinensis is
increasing. In the past, An. sinensis was not an effective
transmission vector and malaria incidence absolutely
depended on the vectorial capacity and infection source
[24]. The vectorial capacities of An. sinensis of two sites
were 0.6969 and 0.4689, which were 4.12 and 2.78 times
higher compared to that of 1990s [8,25]. Transmission
potential may be quantified based upon the basic repro-
duction rate (Ry) of the parasite. Ry is defined as the
average number of successful offspring that the parasite

Table 2 Statistical test results of regression model
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was intrinsically capable of producing. It was expressed
as the average number of secondary infections produced
from one infected individual introduced into a non-
immune host population. The average basic reproduc-
tion rate determines endemicity. For the parasite to sur-
vive successfully Ry must be greater than 1; R, values of
less than 1 indicate diminishing disease risks and a ten-
dency toward unstable conditions [9]. Ry values of
Huaiyuan County and Yongcheng County were 2.16 and
1.45, respectively, which were greater than 1. In recent
years, biological barriers, such as cows and pigs,
decreased dramatically, which lead to increasing man-
vector contacts and increased transmission rates of An.
sinensis.

Socio-economic and housing factors also played an
important role in malaria transmission, including the
presence of open eaves or the lack of ceilings, popula-
tion density and the presence of animal close to the
house, education and available income in household. In
this study, these socio-economic factors were not taken
into account. Besides, it was acknowledged that there
were likely to have been imperfections in the data given
that they were obtained from a passive surveillance sys-
tem. According to a 2003 national report, it was esti-
mated that only 1/18 (5.6%) cases in China were
notified [4] and malaria diagnosis was also imperfect,

Model regression coefficient unstandard Standard Error of regression Standard regression coefficient T P
(B) coefficient B

1 (Constant) 1511 567 2663 008
Iy 851 025 850 34.222 000

2 (Constant) -2.951 1.012 -2916 004
Iy 817 025 817 32694 .000

Trneano 303 058 131 5258 .000

3 (Constant) -1.984 1.024 -1937 053
Iy 842 025 842 33.218 .000

Trneano 1076 200 466 5371 000

Trean 01 -851 212 -355 4022 000

4 (Constant) -2.085 1.017 -2049 041
Iy 839 025 839 33.307 .000

Treano 998 201 432 4966 .000

Trnean o1 -860 210 -359 4093 000
Rrneano 168 006 075 2753 006

Note: dependent variable |

Table 3 Vectorial investigation in Huaiyuan and Yongcheng County

Site No. of adult The human blood Human biting  The vectorial capacity The basic reproductive
mosquitoes index rate Maxax(p"/-Inp) rate*

Huaiyuan 75 0.6 6.0992 0.6969 2.1604

County

Yongcheng 49 0.67 5.1200 04983 1.5447

County

Note: the vectorial capacity of Anopheles sinensis was 0.1686 in 1990s.
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and most of malaria cases were diagnosed based on clin-
ical symptoms.

These findings should be considered in future malaria
prevention and control projects, especially in malaria
outbreak and re-emergence areas. In 2009, an action
plan for malaria elimination was proposed by the Minis-
try of Health in China. Therefore, it is important for the
authorities to know how to distribute limited resources
effectively.
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