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Abstract 

 

A great number of studies have documented that there is a clear increasing trend in the 

global average temperature during the last century. Based on the scenario of 

business-as-usual, the Intergovernmental Panel on Climate Change projected that the 

global surface average temperature will exceed 4 °C by the end of 2100 compared to 

that in 1850-1890. Climate change has been regarded as the biggest global-health 

threat of the 21st century.  

 

Epidemiological studies have showed significant impacts of weather variation 

associated with climate change on population health, including transmission pattern of 

some infectious diseases, and most importantly suspected impacts geographical 

expansion and emergence and re-emergence of mosquito-borne diseases, such as 

dengue fever, malaria and Japanese encephalitis , which has posed great health burden 

to Chinese population in its history.  

 

Mosquito-borne diseases are extremely sensitive to the weather variation, such as 

temperature, rainfall, humidity, etc. In China, although the impact of climate variation 

on important mosquito-borne diseases, such as dengue fever and malaria, has been 

investigated in many countries, there are only a few studies conducted in China. 

Chinese people may suffer greater adverse impacts from climate change due to a 

higher population density, relatively crowded living conditions, and poor 

socio-economic status. 

 

A series of individual but interrelated studies were carried out for this dissertation. 

The overall objective was to provide a comprehensive analysis of potential impacts of 

weather variability on the dynamics of mosquitoes and transmission pattern of major 

mosquito-borne diseases in the context of climate change.  
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Specifically, I investigated the potential effect of meteorological factors on mosquito 

dynamics and distributions, including Anopheles sinensis dispersal range in 

Yongcheng, Henan Province and establishment of Culex pipiens complex and its 

hybrids in Lhasa, China, and the impacts of climatic factors on transmission of 

dengue fever in Guangdong Province and Plasmodium vivax malaria in Yongcheng 

City. Findings from this study provided evidence of significant influence of weather 

factors on mosquito dispersal and distribution, and significant association between 

weather variation and mosquito-borne diseases transmission. Based on these findings, 

we proposed some climate change and mosquito-borne disease research agenda and 

policy recommendations.  

 

We found spatial heterogeneity of Plasmodium vivax malaria incidence in Yongcheng 

could be explained by the spatial variability of temperature and the distribution of 

imported malaria cases. By using mark-release-recapture experiment, it is 

demonstrated that the relatively low temperatures during the study period may have 

caused a reduction in the recapture rate and flight activity of marked An. sinensis in 

Yongcheng City.  

 

In this thesis, mosquitoes in the Cx. pipiens complex appear to be established in Lhasa 

City, TAR. Climate change may have played a part in the arrival of mosquitoes in 

Lhasa. The findings noted above have significant implications for public health both 

at the policy making and practical levels.   

 

Regarding the distribution of DF in Guangdong, we found that DF was not randomly 

distributed among the counties in Guangdong Province; counties around Guangzhou 

City and Chaoshan Region were found to be high-risk areas. As to the impacts of 

climatic factors on transmission of dengue fever in Guangdong Province  we found 

that atmospheric pressure (at lags of 0-3 days) and daily mean and minimum 

temperature with 2 to 3-day lags were statistically significantly and positively 
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associated with DF, while daily maximum temperature (at lags of 0-2 days) and SOI 

(at lags of 0-2 days) were negatively associated with DF epidemics. The findings of 

this study have significant implications for the development of strategic plans to 

control and prevent DF outbreaks in the Guangdong Province.  

 

To summarize, there is urgent need for improving current control policies and 

developing targeted adaptive strategies in China to address mosquito-borne disease. 

Although some health benefits have also been achieved through mitigation policies 

(mitigation of climate change means that a human intervention to reduce the sources 

or enhance the sinks of greenhouse gases) in China, adaptation (in human systems, the 

process of adjustment to actual or expected climate and its effects, in order to 

moderate harm or exploit beneficial opportunities. in natural systems, the process of 

adjustment to actual climate and its effects; human intervention may facilitate 

adjustment to expected climate), preparing to manage some of the unavoidable effects 

of climate change on human health, is another important response strategy.   
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Background 

Malaria is one of the major causes of morbidity and mortality in the world, with less 

than one million deaths annually reported by WHO (World Malaria Report). Malaria 

is a serious global public health problem, and its prevention and control is addressed 

in the United Nations (UN) Millennium Development Goals (MDG) (World Health 

Organization 2008). Yongcheng prefecture, Henan province is a research center of the 

2010–2020 plan for national malaria elimination in China, which is an important part 

of global malaria action plan (GMAP). In the past, malaria in Yongcheng prefecture 

were severe, with incidence as high as 3.34 per 100,000 population in 1970. Malaria 

incidence was drastically reduced after national comprehensive interventions, which 

included case management and Anopheles elimination. In 2003, malaria re-emerged 

in Yongcheng prefecture after a period of eleven years without a reported case (Zhang, 

Su et al. 2007). Malaria incidence increased to 0.02 per 100,000 population in 2006, 

which accounted for 4.52% of the total malaria cases in China (Zhou, Wang et al. 

2007). 

 

In central eastern China including Yongcheng prefecture, where malaria incidence 

remains seasonal and unstable, there is a need for timely confirmation of significant 

factors and development of factors targeting malaria interventions to curtail malaria 
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incidence. Although studies have described malaria and its interventions in detail or 

factor analysis in central China (Zhang, Su et al. 2007; Zhang, Wang et al. 2008; 

GuangChao, Fang et al. 2009), but thus far, attempts to develop predictive models of 

malaria epidemics with environmental variables, which are accurate on the local scale, 

have not met with success.  

 

Malaria is one of the important environmental diseases. When the environmental 

parameters (such as temperature, humidity) permit, Anopheles mosquitoes would 

transmit the pathogen, Plasmodium spp (Thomson, Conor et al. 1999). Therefore, to 

figure out how malaria varies due to seasonal or year-to-year changes in 

environmental variables is essential for the national malaria elimination plan in order 

for it to allow interventions to be adapted to the specific sites or times of year. 

Although previous studies proved that weather variables have exerted great influences 

on malaria incidence in different regions of the world (Hay, Shanks et al. 2005; 

Pemola Devi and Jauhari 2006; Alsop 2007; Gomez-Elipe, Otero et al. 2007; Pascual, 

Cazelles et al. 2008; Clements, Barnett et al. 2010; Olson, Gangnon et al. 2010), 

controversial issues still remain. First of all, some experts argued that these 

correlations were questionable (Hay, Cox et al. 2002; Hay, Shanks et al. 2005). For 

example, some of them claimed that rainfall had an significant effect on the incidence 

of malaria (Kuhn, Campbell-Lendrum et al. 2003; Zhou, Minakawa et al. 2004), 

whereas others did not detect a significant relationship (van der Hoek, Konradsen et al. 

1997; Singh and Sharma 2002). Moreover, the meteorological factors that have 

significant statistical correlations with malaria vary greatly between geographic areas 

within the world, which would complicates the decision-making process in choosing 

weather monitoring targets (Xiao, Long et al. 2010). In addition to those controversies, 

Anopheles density is considered as a proximate factor of malaria transmission while 

climatic indicators are distal risk factors, however, few researchers have treated 

mosquitoes abundance as an independent variable in statistical models to account for 

malaria incidence due to limited availability of entomological data (Trape, Evelyne et 

al. 1992). Last but not the least, studies only conducted correlation analyses might 
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have been insufficient (Bouma, Poveda et al. 1997). In sum, it is necessary to perform 

further studies to elucidate the impacts of environmental factors, such as 

meteorological factors, Anopheles density on malaria incidence; this study did this 

based on data from Yongcheng prefecture, China as one example.  

 

Although previous studies have illustrated that weather variables have exerted great 

influences on malaria incidence in different regions of the world (Alsop 2007; Pascual, 

Cazelles et al. 2008), controversial issues still remain (Hay, Cox et al. 2002; Hay, 

Shanks et al. 2005). It is necessary to perform further studies to elucidate the impacts 

of environmental factors, such as the impacts of meteorological factors on Anopheles 

density and malaria incidence. 

 

It is important here to note the difference of these terms, climate, weather and 

meteorology. Weather is the condition of the atmosphere at a particular place over a 

short period of time; while, climate refers to the weather pattern of a place over a long 

period, maybe decades; and meteorology studies weather, while climatology studies  

climate. Climatic conditions set geographic and seasonal limits of potential 

transmission of a disease; and other environmental, social and behavioral factors,  

weather conditions and public health strategies determine where/when actual 

transmission of a particular disease occurs. 

 

The objective of this chapter was to estimate the empirical correlations between 

malaria incidence and environmental variables, including meteorological factors in 

Yongcheng from 2006 to 2010. The results from this analysis will provide a scientific 

basis for malaria elimination by 2020 in China. 

 

Materials and methods 
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Yongcheng City is located in eastern Henan Province (latitude 33°42' ~ 34°18' N and 

longitude 115°58' ~ 116°39' E). (Figure 1.1). The city has an area of 1995 km2 and a 

population of 1.46 million. Yongcheng City has a temperate and monsoonal climate 

with four clearly distinct seasons, with monthly maximum air temperate of 27.3°C, 

monthly minimum temperature of −1.9 °C, and monthly average precipitation of 

219.05 mm. The geographic landscape and climate conditions including suitable 

temperature and humidity, abundant rainfall, and existence of water bodies, provided 

favorable breeding sites for Anopheles, which contributed to making it a suitable 

environment for P. vivax malaria transmission. 
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Figure 1. 1 Location of Yongcheng prefecture in China 

 

In the past, malaria in Yongcheng City were severe, with incidence as high as 3.34 per 

100,000 population in 1970. Malaria incidence was drastically reduced after national 

comprehensive interventions, which included case management and Anopheles 

elimination. In 2003, malaria re-emerged in Yongcheng after a period of eleven years 

without a reported case (Zhang, Liu et al. 2012).  

 

The data used in this study were collected from Yongcheng prefecture during the 
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period between 2006 and 2010, and were analyzed using Geographic Information 

System (GIS) and Generalized Estimating Equations (GEE) approach. The aim was to 

provide not only a scientific basis for malaria monitoring and control in Yongcheng 

prefecture but also valuable information for malaria elimination in other areas of 

seasonal and unstable malaria incidence.  

 

Data of monthly malaria cases from 2006 to 2010 were obtained from Yongcheng 

CDC. Physicians at hospitals and clinics reported suspected malaria cases to the local 

CDC, and the cases were defined based on the diagnostic criteria and principles of 

management for malaria (GB 15989–1995) issued by Ministry of Health of the 

People’s Republic of China. Only the cases confirmed clinically and by laboratory 

test, including thick and thin blood smear, were included in our study. The population 

data were obtained from reports produced by Yongcheng Statistical Bureau.  

 

Monthly weather data from 2006 to 2010 were obtained from China Meteorological 

Data Sharing Service System (http://cdc.cma.gov.cn/), including monthly average 

temperature (Tavg), maximum temperature (Tmax), minimum temperature (Tmin), 

average relative humidity (Havg), minimum humidity (Hmin), total 24-hour rainfall 

(R), average wind velocity (Wavg), maximum wind velocity (Wmax), extreme wind 

velocity (We) and duration of sunshine (S). Due to the unavailability of weather data  

of Yongcheng City, geostatistical methods of kriging was used to estimate values of 

meteorological parameters in Yongcheng using monthly weather observations 

measured at its eight neighboring climatic stations, including Shangqiu, Xihua, 

Dangshan, Xuzhou, Haozhou, Suzhou, Fuyang, and Bengbu Weather Station. (Figure 

1.2) 



23 
 

 

Figure 1.2 Positions of the eight climatic stations neighbouring Yongcheng prefecture. 

Data on Anopheles density were collected by Yongcheng CDC. Since 2005, when 

Maqiao township, Yongcheng, was identified as a national malaria  surveillance site, 

samples of Anopheles had been collected fortnightly from June to August in 

accordance with China malaria surveillance protocol. Anopheles density was 

measured by two methods: human-bait catches and bednet trap. Afterwards, the 

collected mosquitoes were then separated, sorted, and identified. Semi-monthly An. 

sinensis density measured by human-bait catches (Dbait) and bed-net trap (Dnet) was 

calculated as the number of mosquitoes per person*night or per 50 mosquito nets. The 

monthly mean value for An. sinensis density used in this study was calculated from 

semi-monthly data. If monthly An. sinensis density is unavailable in some month 

(except for June to August) of the year, we treated it as zero in the process of figure 

drawing and model building because of its seasonality.    

 

Some weather values at unsampled locations were interpolated by Kriging method. 

Monthly observed values of climatic data from eight sampled weather stations  

neighbouring Yongcheng was the main input variables. Kriging was performed 

following the procedures described by Hudnallet al. and Burgess et al. (Burgess and 
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Webster 1980; Hudnall, Sigua et al. 1989), which included preliminary data analysis, 

structural data analysis, log Kriging estimations, and generating images of the 

interpolated results. Spatially distributed values of weather factors in Yongcheng were 

estimated based on the spherical model in this study, which was regarded as the most 

widely used semi-variogram model (Goovaerts 2000). The above analyses were 

conducted with ArcGIS 9.2 software (ESRI Inc, Redlands, California).    

 

Mapping malaria incidence and average temperature with GIS We conducted  

 

GIS-based analyses of the spatial distribution of yearly malaria incidence and average 

temperature as well as their visual correlation. The annualized average incidence of 

malaria per 100,000 persons and annual average temperature at each towlever over 

the five years (from 2006 to 2010) were calculated and mapped based a town-level 

polygon map of Yongcheng at 1:1000 000 scale with ArcGIS 9.2 software (ESRI Inc, 

Redlands, California). Regions with different intensities of malaria incidence and 

various values of average temperature were marked with different colours on the 

town-level, with higher incidence and temperature being indicated by darker colour.  

 

Temporal analysis with GEE technology The monthly malaria incidence, An. sinensi 

density, and weather variables were calculated and plotted to observe their seasonal 

fluctuations and correlations from 2006 to 2010.  

 

Time varying influencing factors were treated with different time lags, from 0- to 3- 

month lags, to account for delays in their effects on malaria incidence. The lag size 

was determined by comparing quasi- likelihood under the independence model 

criterion (QIC) values in models with various lag sizes (Goovaerts 2000).  

 

Univariate analyses were made by regressing single factors of interest against 

monthly malaria incidence to estimate crude associations between malaria incidences 

and influencing factors. Multivariable models were built to examine the effects of 
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combinations of influencing factors on malaria incidence. Candidate factors selected 

for the multivariable model were determined through statistical performance of 

factors in the univariate analysis, and hypothesized relationships. Candidate 

influencing factors were inputted into the model in their presumed order of 

importance, and then nonstatistically significant factors were removed in their 

presumed inverse order of importance unless the remaining factors were deemed 

important for theoretical reasons at α  = 0.05 level.  

 

Two models were built up in this study using GEE approach. The difference between 

two models lay in whether they included malaria incidence of the previous month into 

the model. Model 1 was constructed to estimate the relationships between An. sinensis 

density, weather variables and malaria incidence. Model 2 was developed to examine 

the effects of An. sinensis density, weather variables and the malaria incidence of the 

previous month on malaria incidence.  

 

The goodness of fit of the GEE model was measured by “marginal R-square”, which 

was interpreted as the amount of variance in the response variables that were  

explained by the fitted model, and QIC value, which was useful in selecting an 

appropriate correlation structure. The model with a lowest QIC score and a highest 

R-square was preferred. GEE analysis was implemented  by Stata software 11.0 (Stata 

Corp. College Station, Texas).  

 

Results 

Spatio-temporal distribution of malaria incidence and influencing factors 

 

From 2006 to 2010, 6,546 malaria cases were reported (7.88 cases per 100,000 

population) in Yongcheng prefecture, which were all diagnosed as P. vivax malaria. 

The majority of cases were farmers (76.08%). The annual malaria incidence at the 
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town level showed an increasing pattern from the north to south of Yongcheng 

prefecture between 2006 and 2010 (Figure 1.3). The areas of highest malaria 

incidence were distributed in the southern region of Yongcheng prefecture, Maqiao 

village and Lizhai village, bordering northern Anhui Province. As Figure 1. 4 showed, 

the yearly average temperature also rose from the north to south at the town level, 

with higher values distributed in the Southeast of Yongcheng prefecture.   

 

Figure 1. 3 Annual malaria incidence at county level from 2006 to 2010 in 

Yongcheng prefecture, China.  The county- lever areas are colour-coded according to 

annual malaria incidence, with higher malaria incidence distributed in the South of 

Yongcheng prefecture. 
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Figure 1. 4 Yearly average temperature at county level from 2006 to 2010 in 

Yongcheng prefecture, China. The county- lever areas are colour-coded according to 

yearly average temperature, with higher temperature distributed in the Southeast of 

Yongcheng prefecture 

 

There was a decline (15.45 cases per 100,000 population) in annual malaria incidence 

from 2006 to 2010, and the highest incidence occurred in 2006 with 16.72 cases per 

100,000 population. Monthly P. vivax malaria incidence showed a seasonal pattern, 

whose peak period was from July to November, a period when nearly 86.58% of total 

malaria cases were reported. The vector specie that transmitted malaria in Yongcheng 

prefecture was morphologically identified as An. sinensis, with PCR results of a 

random sample of 30 mosquitoes confirmed as An. sinensis. An. sinensis density 

measured by different methods particularly the human-bait collections displayed a 

seasonal variation where the valleys and peaks closely corresponded to malaria 
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incidence. Moreover, meteorological factors also fluctuated seasonally during the 

study period in addition to precipitation, showing possible relationships with malaria 

incidence (Figure 1.5).  

 

Figure 1. 5 Time series plots of malaria incidence and influencing factors from 2006 

to 2010 in Yongcheng prefecture, Henan. Influencing factors include Dbait, Dnet, 

Tavg, Tmax, Tmin, Havg, Hmin, R, Wavg, Wmax, We.  

 

Model building and evaluation 

Twelve variables, such as Dbait, Dnet, Tavg, Tmax, Tmin, R, Havg, Hmin, Wavg, 

Wmax, We, and S were inputted into a model for variable selection. The model with 

n-binomial distribution (model 1) effectively explained the relationships between An. 

sinensis density, weather variables and malaria incidence (Table 1.1, model fitting 
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QIC = 37.141, R2 = 0.520).  

Table 1. 1 Comparison of GEE models 

 Model 1 Model 2 

QIC QIC_u QIC QIC_u 

Poisson Distribution 131.941 119.726 351.132 319.353 

n-binomial 

Distribution 

16.934 23.029 37.141 41.236 

 

Significant factors contributing to malaria incidence showed in model 1 were Dbait (β 

= 0.050, P = 0.033) at 1-month lag, Tmax at 1-month lag (β = 0.174, P<0.001), and 

We at 0-month lag (β = −0.145, P = 0.009) (Table 1.2). No interaction terms were 

significant in the multivariable model.   

Table 1. 2 Poisson and n-binomial regression of malaria incidence on influencing 

factors (the result of Model 1)  

Lag-time 

(months) 
Variables  

Poisson Distribution n-binomial Distribution 

β SE P β SE P 

1 Dbait 0.038 0.017 0.025 0.05 0.023 0.033 

1 Tmax 0.096 0.017 <0.001 0.174 0.015 <0.001 

1 Havg 0.044 0.011 <0.001    

0 We    −0.145 0.055 0.009 

 constant −3.811 0.958 <0.001 −0.975 0.726 0.179 

(Coef: regression coefficient, SE: estimated regression coefficient standard error).  

 

Meanwhile, thirteen variables, including Dbait, Dnet, Tavg, Tmax, Tmin, Havg, Hmin, 

R, Wavg, Wmax, We, S and the malaria incidence of the previous month (Ip) were 

added into another model to select variables. A best- fit model (model 2) was with 

n-binomial distribution (Table 1.1, model fitting QIC = 16.934, R2 = 0.818), showing 

that Tmax at a lag of one month (β = 0.153, P<0.001), Havg at one month lag (β = 

0.024, P = 0.010), and Ip (β = 0.049, P<0.001) significantly associated with malaria 
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incidence (Table 1.3). However, Dbait and Dnet failed to be included in model 2. No 

interaction terms were significant in the multivariable model.   

Table 1. 3 Poisson and n-binomial regression of malaria incidence on influencing 

factors (the result of Model 2)   

Lag-time 

(months) 
Variables  

Poisson Distribution n-binomial Distribution 

β SE P β SE P 

1 Tmax  0.137 0.019 <0.001 0.153 0.012 <0.001 

1 Havg    0.024 0.009 0.01 

2 R 0.005 0.001 <0.001    

0 Ip 0.039 0.003 <0.001 0.049 0.006 <0.001 

 constant −2.51 0.488 <0.001 −4.449 0.589 <0.001 

(Coef: regression coefficient, SE: estimated regression coefficient standard error). 

 

Expected values fitted by model 1 or model 2 and actual observed values of malaria 

incidence in 2006–2010 were shown in Figures 1.6 and 1.7. Fitted values predicted by 

model 1 were in agreement with actual values of malaria incidence in the first three 

years (F = 0.645, P = 0.425), but they were over-estimated to a greater extent in the 

last two years (F = 29.052, P<0.001). However, fitted values predicted by model 2 

were in accordance with actual values of malaria incidence in the study period of 

2006-2010(F = 0.032, P = 0.857).  
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Figure 1. 6 Expected values of model 1 and observations for malaria incidence in the 

study period of 2006–2010.  

 

Figure 1. 7 Expected values of model 2 and observations for malaria incidence in the 

study period of 2006–2010.  

Scatterplots of the differences between the predicted and observed malaria incidence 

were plotted (Figures 1.8 and 1.9), and the arithmetic mean and 95% confidence 

interval for the differences were calculated. The average difference values between 

actual values and fitted values of model 1 (D-value 1) or model2 (D-value 2) were 
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respectively 1.476/100,000 (95%CI: -1.498, 4.451/100,000), 0.769/100,000 (95%CI: 

-1.347, 2.885/100,000). There was no significant difference between the actual values 

and the values predicted by model 1 or model 2.  

 

Figure 1. 8 Scatterplot of difference between expected values  predicted by model 1 

and observed values of malaria incidence in the study period of 2006–2010.  

 

Figure 1. 9 Scatterplot of difference between expected values predicted by model 2 

and observed values of malaria incidence in the study period of 2006–2010.  

 

The best-fit model was model 2, because it had not only a smaller D-value 
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(0.769/100,000), but also a smaller QIC value and a larger R2 (QIC = 16.934, R2 = 

0.818), compared to model 1 (D-value = 1.476/100,000, QIC = 37.141, R2 = 0.520).  

 

Discussion 

This is the first study spatially and temporally exploring the effect of weather 

variables and vector parameters on malaria incidence in China. The data involved in 

this study were relevant because all of them were obtained from national monitoring 

data. In this study, clear spatial heterogeneity and temporal clustering of malaria 

incidence could be found, with higher incidence distributed in the Southern 

Yongcheng spatially and in July to November temporally. The finding indicated that 

areas and months with higher malaria transmission risk should be focused on more 

public health attention and resources. Spatial heterogeneity of malaria incidence 

(higher incidence in the south) could be explained by the spatial variability of 

temperature and the distribution of malaria imported cases. First of all, Southern 

Yongcheng prefecture has been confronted with higher pressure from imported cases, 

as its was adjacent to Suixi, Guoyang, Xiao, and Huaibei county in Anhui province, 

which were identified as high-endemic areas of malaria (incidence>30/100,000) 

(Zhang, Wang et al. 2008). Furthermore, its spatial decreasing pattern from the north 

to south was somehow in accordance of temperature change, particularly in 2006. 

Only temperature was selected to assess the influencing factor associated with spatial 

heterogeneity owing to the founding from previous studies that temperature might be 

a major determinant of malaria incidence in China (Xiao, Long et al. 2010). Therefore, 

public resource should be allocated proportionally in different areas based on the risk 

predicted by imported possibility and average temperature, and close collaboration 

should be established between Henan and Anhui to effectively control and prevent 

malaria together. From the perspective of time, annual malaria incidence in 

Yongcheng prefecture showed an obvious decrease from 2006 to 2010. However, 

prevention and control of malaria should not be taken slightly, because Yongcheng 
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prefecture is still at risk for malaria due to the existing of An. sinensis, suitable 

weather condition for the growing of An. sinensis and Plasmodium, and the risk has 

been possibly varying with weather changes and population movement (Martens, 

Kovats et al. 1999; Li 2006). Determining the principal influencing factors of malaria 

incidence would be beneficial for malaria risk assessment and thus providing a basis 

for the policy making for malaria control technologies.   

 

Malaria is a vector-borne infectious disease, and as such, is sensitive to environmental 

change (Martens, Kovats et al. 1999; Li 2006). Anopheles density, as a proximate 

environmental factor of malaria transmission, play an important role in estimating and 

predicting malaria risk (Trape, Evelyne et al. 1992). Climatic variables have also been 

established as important environmental drivers of malaria transmission (Ye, Valerie R 

et al. 2007), because of their impacts on the growth and reproduction rates of 

mosquitoes, the temporal activity pattern of the population as well as the life cycle of 

Plasmodium (Craig, Kleinschmidt et al. 2004; Depinay, Mbogo et al. 2004; Hosen and 

Morse 2004; Koenraadt, Githeko et al. 2004).  

 

The best- fit model (model 2) derived from the study was reliable and had a good fit 

and predictive validity (QIC = 16.934, P<0.001, R2 = 0.818), which provided insights 

into the most important drivers of P. vivax malaria, including maximum temperature, 

average humidity and incidence of previous month that influenced seasonal 

fluctuation of P. vivax malaria incidence. The result that temperature rise would 

contribute to malaria transmission was in agreement with some researchers (Depinay, 

Mbogo et al. 2004; Hosen and Morse 2004; Zhang, Bi et al. 2010), although there 

were still some other researchers who argued that this relationship was not significant 

(Tian, Bi et al. 2008), or that it was uncertain (Tanser, Sharp et al. 2003). It has been 

demonstrated that temperature increase would improve the survival chances of 

Anopheles and thus contribute to the malaria transmission (Loevinsohn 1995; Tong 

and Ying 2000). Moreover, relative humidity exerted an influence on the survival of 

mosquito eggs and adults and the moderate increase in malaria risk associated with 
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average humidity observed in this study was consistent with previous findings (Hui, 

Xu et al. 2010). Conversely, some literature found a correlation between rainfall and 

malaria (Zhang, Bi et al. 2010), while other studies found no correlation (Wang, Fang 

et al. 2009). In this study, rainfall failed to enter the best- fit model as a predictor of 

malaria epidemics. The phenomenon could be explained by the complex nonlinear 

association between rainfall and malaria incidence. Rainfall is beneficial to the growth 

and reproduction of mosquito if it is moderate, because it often leads to puddles and 

increased local humidity; however, excessive rain can also wash away eggs and 

completely destroy breeding sites (McMichael and Martens 1995). This result 

indicated that it was not necessary to consider rainfall as a predictor in Yongcheng, 

which made malaria surveillance simpler in this area.  

 

In addition to factors mentioned above, although An. sinensis densities failed to enter 

into best- fit model (model 2), Dbait was included in model 1. The reasons why Dbait 

rather than Dnet were included in model 1 probably lay in two aspects. Firstly, An. 

sinensis is slightly exophagic (biting outdoors) (Ree 2005), and thus Dbait is more 

representative of malaria transmission in Yongcheng. Secondly, most of the malaria 

cases in Yongcheng were farmers, and they would like to sleep and work outdoors in 

the summer without effective protections, thus having more opportunities to be 

infected (Sheng, Zhao et al. 2010).  

 

As far as the lag effect was concerned, this study found significant one month lag 

effects of entomological and meteorological variables on malaria incidence, and this 

finding was supported by several earlier studies (Gomez-Elipe, Otero et al. 2007; 

Zhang, Bi et al. 2010). This phenomenon could be explained by the approximately 

one month duration of malaria infection cycle. The time incorporates several 

processes above. An adult mosquito first bites an infected human, and then the 

parasite develops in the adult mosquito (Extrinsic Incubation Period). Ten days later 

when the P. vivax sporozoites move the salivary glands, the mosquito transmits 

malaria to a human when it takes another blood meal. Once the person is infected, 
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time to development of malaria symptoms and infectivity (Intrinsic Incubation Period) 

takes about another 1–2 weeks (Lindsay and Martens 1998). Knowing the 

approximate lag size of effects on malaria incidence would benefit us to get prepared 

for quick and effective response on malaria epidemic easily at least one month in 

advance.  

 

The transmission of malaria is complicated, and we still need further research to 

figure it out. For example, the temporal variation in malaria incidence could be also 

partially explained by continuous and effective control efforts Chinese local and 

national health agencies made, such as treatment in the rest period of 

malaria(conducted from 2004) (Zhou, Huang et al. 2009) and comprehensive vector 

control action characterized by biological larviciding and residual spray (conducted 

from 2007) (Zhou, Huang et al. 2009). Human interventions are failed to be inputted 

into the predictive model in this study because it is difficult to measured and quantify.  

 

Conclusions 

Areas and months with higher malaria transmission risk should be focused on more 

public health attention and resources. The model developed in this study successfully 

predicted the expected incidences of malaria based on historical malaria epidemics 

and a combination of weather factors at one month lag, which would simplify malaria 

surveillance by targeting control of malaria more effectively. Furthermore, we 

concluded that (1)more effective indicators, such as weather variables and 

Plasmodium infection rate of mosquitoes should be considered to further optimize 

current malaria monitoring and control methods; (2)and malaria control targets should 

vary with intensity of malaria incidence, with more public resource allocated to 

control the source of infections instead of large scale An. sinensis control when 

malaria incidence was at a low level, which would benefit for optimizing the malaria 

surveillance project in China, and also could be used for the malaria monitoring and 
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early warning in some other countries with unstable or low malaria transmission.  
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Introduction    

The global malaria elimination campaign is an ambitious goal (Feachem and Sabot 

2007; Roberts and Enserink 2007; Aguas, White et al. 2008; Feachem and Sabot 2008; 

Butler 2009; Campbell 2009; Kilama and Ntoumi 2009; Das and Horton 2010; Hsiang, 

Abeyasinghe et al. 2010). Every step in the chain of transmission of malaria would be 

need to be a target for successful implementation of global elimination of malaria 

(Feachem and Sabot 2008; Das and Horton 2010; Kappe, Vaughan et al. 2010; Alonso, 

Brown et al. 2011). In recent years, it is recognized that local outbreaks of malaria 

might result from incorrect control measures stemming from inadequate 

understanding of the ecological characteristics of the dominant vectors (The malERA 

Consultative Group on Vector Control 2011), environmental changes, such as global 

climate changes (Bouma, Sondorp et al. 1994; Hay, Cox et al. 2002; Hales and 

Woodward 2003; Goklany 2004; Hales and Woodward 2005; Paaijmans, Wandago et 

al. 2007; Gething, Smith et al. 2010; Haque, Hashizume et al. 2010), or from drug and 

insecticides resistance (Yewhalaw, Wassie et al. 2011). Therefore, management of 

ecological habitats of the predominant malaria vectors in a region are of great 

significance for malaria control, via optimal allocation of resources (Gou GX, Li  DF 

et al. 1998; Ferguson, Dornhaus et al. 2010). Today, malaria is not as serious as two 

decades ago in China (Feachem and Sabot 2007; Zhou, Huang et al. 2010). However, 

outbreaks occur when malaria cases are introduced to an area where malaria vectors 

are established and other local conditions favor transmission. At present, China has 
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entered the critical period in the process of eliminating malaria according to WHO 

standards for global malaria eradication campaign. As the principal vector of 

Plasmodium vivax malaria (Mueller, Galinski et al. 2009), the species of Anopheles 

sinensis  (Wiedemann, 1828) is distributed in most provinces in China. The dispersal 

range of An. sinensis in real rural villages can provide key reference data for 

epidemiological surveys of malaria cases. In addition, it can also provide the basis for 

the determination of the vector control range and for prevention of the emergence and 

spread of secondary cases. Therefore, the study of dispersal ranges of An. sinensis is 

an important factor to detect potential source of infection, cut off the route of 

transmission, and further ensure the successfully implementation of malaria 

elimination in China by 2020 (Liu, Liu et al. 2012).   

The dispersal of mosquito vectors, to find mates, resting sites, oviposition sites, blood 

meals, and nectar sources, plays a major role in the transmission of malaria (Killeen G. 

F, Knols  B. G et al. 2003). Mark-release-recapture (MRR) technique can be applied 

for estimating survival, cohort specific dispersal, gonotrophic cycle, and population 

density of mosquitoes. These population attributes are important for mosquito-borne 

disease control programs plan. Dispersal and survival are of considerable importance 

in studying the ecology of Anopheles mosquitoes (Baber, Keita et al. 2010). Currently, 

MRR technique has been widely used in Anopheles species (Toure, Dolo et al. 1998; 

Tsuda, Takagi et al. 1999; Tsuda, Takagi et al. 2000; Achee, Grieco et al. 2005; Fabian, 

Toma et al. 2005; Achee, Grieco et al. 2007). However, deficiencies in understanding 

of dispersal ranges of An. sinensis would impede development of effective 

management programmes to local outbreaks of malaria due to imported cases. In 

addition to dispersal, survival rates of adult An. sinensis plays a key role in malaria 

transmission and in the calculation of vectorial capacity (Lines J 2007; Boni, Buckee 

et al. 2008). Survival of adults depends on many factors including larval and adult 

nutrition, temperature, predation, and genotype.  

The planning of management programs for vector control in epidemic focus of 

malaria in China requires accurate information of dispersal range and survival of An. 

sinensis. However, limited data are available on the dispersal range and survival of An. 
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sinensis in the real villages in China. Therefore, two field studies were conducted to 

examine the dispersal range and survival rate of An. sinensis in Yongcheng City of 

Henan Province where P. vivax malaria is unstable transmission. The objective was to 

provide a scientific basis for designing control strategies and tactics for malaria 

elimination in China.   

 

Methods  

Study area  

The present study was conducted in two villages of Yongcheng City 

characterized by different levels of historica l inc idence of P. vivax malaria. 

These inc luded a high risk village study site I ( N 33°45.023′, E 116°13.151′,  

southern part of Yongcheng City with an average annual incidence rate > 

100/100,000 ), and an intermediate risk village study site II ( N 33°52.492′, E 

116°28.458′, middle part of Yongcheng City with an average annual incidence rate 

10~100/100,000 ) (Liu, Liu et al. 2011). The distance between the two study sites is 

approximately 60 km. Besides the difference in the level of the historical incidence of 

P. vivax malaria, other differences between the two studied villages are as follows: 

First, study site I is adjacent to Guoyang County; study site II is neighbouring to Suixi 

County. Guoyang and Suixi County are unstable regions of P. vivax malaria in Anhui 

Province. Second, water-body distributions and appropriate breeding sites on An. 

sinensis larvae in study site II are more numerous than those in study site I. Third, the 

population of animal hosts in study site II was larger than that of study site I during 

the study period.  

Most of the area is a plain at 33 meters altitude above sea level. The range of annual 

rainfall is between 556.2 mm and 1,648.9 mm, and most rainfall is peak in period of 

June-September (Liu, Liu et al. 2011). The primary cultivated crops in the area 

include wheat, soybean and corn. The climate is warm temperate from May to 

October, and the average annual temperature is 14.3°C. The human dwellings in these 
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two villages are made of bricks. The average family size was two person per house, 

together with their chickens, dogs and few other livestock. During summer, most of 

local residents tend to sleep outdoors (Chow 1991). With active cooperation of the 

villagers, the present mark-release-recapture studies were conducted with wild 

collected An. sinensis in study site I in 2010 and with newly emerged An. sinensis in 

study site II in 2011. 

 

Effect of marking with fluorescent powder on the survivorship of An. sinensis 

Prior to the field study, the effect of marking An. sinensis with fluorescent pigment on 

the mortality rate was studied in the laboratory of the Chinese Center for Disease 

Control and Prevention (China CDC). A group of three-day-old An. sinensis (30 

males and 30 females) was used and aspirated into a waxed, 200 mm diameter custom 

made cylinder with gauze tops, gauze bottoms and metal bracket. The powder for 

dusting was Day-Glo fluorescent pigment (Day-Glo Color Corp., Cleveland, Ohio, 

USA). A 5 ml syringe with a 22 gauge needle was used as a powder atomization 

device. Adults were manually aspirated and counted into the cylinder, and then the 

entrance of the cylinder was closed. The syringe which filled with fluorescent 

pigment was pushed very quickly to produce atomizing. After 30 minutes, all the 60 

An. sinensis of the experimental group were marked with green fluorescent pigment. 

Thereafter, all marked An. sinensis were sprayed with distilled water 3 times a day 

with a small sprayer in order to simulate the effect of rainfall on the fluorescent 

pigment of the body surface of An. sinensis. We also set a control group of 

three-day-old An. sinensis (30 males and 30 females) without marking with 

fluorescent pigment. All mosquitoes were provided with 10% sucrose daily and held 

at 28°C and a relative humidity of 70~80%. The number of live mosquitoes was 

counted daily for 14 days and marked An. sinensis in the experimental group were 

observed under a dissecting microscope in order to observe the existence of 

fluorescent powder on the body surface of An. sinensis.  

 

Adult capture and larval rearing 
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In study site I, wild adult An. sinensis were collected from a bovid shed and a 

sheepfold in Lizhai township of Yongcheng City with aspirators during the period of 

activity peak of An. sinensis in a day. All An. sinensis were collected within three days, 

placed into mosquito cages (45 cm × 45 cm × 45 cm) and then transported to a 

laboratory in Yongcheng CDC. In study site II, it was difficult to collect adult An. 

sinensis because of a severe drought. Therefore, larvae and pupae of An. sinensis were 

collected from the breeding sites. Three-day old newly emerged An. sinensis was 

transferred to a large custom made cylinder mentioned above, and ready to mark 

(Midega, Mbogo et al. 2007). Both published literatures and local CDC staff 

observations showed that An. sinensis was the sole vector of P. vivax malaria in 

Yongcheng City (Chow 1991; ZHANG  Hong-wei, SU Yun-pu et al. 2007; Zhou, 

Huang et al. 2010; Liu, Liu et al. 2011). Prior to marking and releasing, some wild 

captured and newly emerged An. sinensis were also sampled and identified to species 

level by ribosomal DNA PCR assay (Ma Yajun, Qu Fengyi et al. 1998) to insure that 

only An. sinensis was released.   

 

Marking and releasing  

The first mark-release-recapture experiment took place from 14 to 23 October  2010, 

from a release point located at the edge of the study site I. The second 

mark-release-recapture experiment took place from 13 to 22 October 2011, with a 

release point located at a road crossing of the center of study site II (Liu, Liu et al. 

2011). The release time was at 19:00 in 2010 and 2011. The female-to-male ratios of 

marked An. sinensis in these two years were about 1:1. Before the marked An. 

sinensis were released, the geographical coordinates of sheep sheds, cattle sheds, pig 

pens, chicken sheds and potential breeding sites were recorded using hand-held GPS. 

One hundred and fifty male and female adult An. sinensis were marked at a time with 

green fluorescent pigment. One day later, all marked An. sinensis were transported to 

the release point. The entrance of the cage was opened slowly to allow the marked An. 

sinensis to fly out freely. The mosquitoes that seemed exhausted and did not fly out 

were counted, and their numbers were subtracted from the total marked An. sinensis.  
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Recapturing and identification  

To recapture the marked An. sinensis individuals, six light traps we set up in four 

directions (east, south, west, and north) and a light trap we set up at the release point 

at both study sites during the two years. In study site I, the light traps were set within 

courtyards in each direction with the distance 50, 100, 200, 300, 400, 500 meters, 

respectively. In total, twenty-five light traps were operated. In study site II, additional 

four light traps were added to sheepfolds which located at 50 m from the release site, 

one in each direction. Total twenty-nine light traps were operated in study site II. The 

light traps were set mainly in sheep folds within these distances so as to improve the 

recapture rate of marked An. sinensis. However, they were set in the courtyard if no 

sheep folds existed in these ranges.   

The light trap at the release point was set up from 21:00 to 06:00 in the first day. From 

the second day, these light traps were set up from 18:00 to 06:00 for 9 successive 

nights after release in both study sites (I & II). Marked An. sinensis were recaptured in 

the same day after releasing. Some key meteorological parameters (temperature, 

relative humidity, precipitation, wind velocity and direction) were recorded during the 

study period. Temperature (°C) and relative humidity (%) were recorded from a 

weather website in China (http://www.weather.com.cn). Ambient outdoor air 

temperature and relative humidity of each collection hour was recorded using a WS-1 

thermo-hygrometer device (Tianbayiqi Corp., Tianjin, China). All captured 

mosquitoes were killed by ether and morphologically identified into mosquito species. 

Then all the Anopheles mosquitoes were selected and examined for the presence or 

absence of fluorescent pigment under dissecting microscope.  

 

Ethics statement 

The experimental protocols were approved by the Ethical Committee of National 

Institute for Communicable Disease Control and Prevention, Chinese Center for 

Disease Control and Prevention (Duo-quan, Lin-hua et al. 2012). Although the release 

of An. sinensis temporally increased local mosquito populations in the two study 
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villages, the experiment posed very low risk of public health because the malaria is 

about to be eliminated and no Plasmodium vivax was detected in An. sinensis of 

Yongcheng City in recent years. In addition, all released wild and newly emerged An. 

sinensis were from the local habitat. Verbal consent was obtained from all the heads 

of household to permit mosquito collection from their houses and livestock sheds 

prior to the procedure. The Ethical Committee of National Institute for Communicable 

Disease Control and Prevention, China CDC reviewed and approved the consent 

procedure. Permission was also obtained from the Municipal Health Bureau and 

Center for Disease Control and Prevention in Yongcheng City.   

 

Statistical methods  

Recapture rates were calculated as the number of marked An. sinensis recaptured over 

the total number of originally released. The mortality rate between marked An. 

sinensis and untreated An. sinensis in the laboratory, and wild An. sinensis and newly 

emerged An. sinensis were compared by Chi-square analysis. Daily survival rates 

were estimated by fitting a linear regression model of logarithm number of recaptures 

against calendar day after releasing, assuming that the daily probability of survival 

was constant throughout the year. The calculation was done by regressing the number 

of recaptured An. sinensis transformed into ln (y+1) as a function of time in days 

post-release. Then, the daily survival rate was calculated as the antilogarithm of the 

regression coefficient (Gillies 1961; Reisen and Aslamkhan 1979; Fabian, Toma et al. 

2005). Statistical analysis was carried out using SPSS software (Version 11.5 for 

Microsoft Windows, SPSS Inc., Chicago, USA).  

 

Results  

The effect of fluorescent pigment on the survivorship of An. sinensis in the 

laboratory  

The research shows that there was no difference in morta lity rates between marked 
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and unmarked An. sinensis in the laboratory (2=3.12, P>0.05). During the 14 day 

observation and assay period, fluorescent pigment on the body surface of marked An. 

sinensis was detected under a dissecting microscope in females and males in all 

replicates. Based on the findings mentioned above, fluorescent pigments may have 

little effect on the survivorship of An. sinensis if its sprayed correctly and could be 

used to conduct MRR experiment (Jaal and MacDonald 1992; Tsuda, Takagi et al. 

2000).   

  

Species identification   

During the study period, prior to mark and release, 50 wild captured and 50 newly 

emerged anopheline mosquitoes were identified to species by ribosomal DNA PCR 

assay (Ma YJ, Qu FY et al. 1998), and the results revealed that all anopheline 

mosquitoes examined belonged to An. sinensis.  

 

Release and recapture rate  

In study site I, 3000 wild An. sinensis ( 1500 male, 1500 female ) were released, 25 of 

which were recaptured, corresponding to a recapture rate of 0.83% (95% CI, 

0.50%~1.16%). In study site II, 3000 newly emerged An. sinensis ( 1500 male, 1500 

female ) were released, 40 of which were recaptured, corresponding to a recapture 

rate of 1.33% (95% CI, 0.92%~1.74%) (Table 2.1). There was no significant 

difference in the recapture rates of wild An. sinensis and newly emerged An. sinensis 

(2=3.499, P>0.05) though more marked An. sinensis were recaptured in study site II.   

Table 2. 1 Dispersal range of recaptured marked An. sinensis according to the day 

after release in 2010 and in 2011.  

Year 
Recapture 

date 

No. of recaptured marked An. sinensis  Total 

(%) 
0 m 50 m 100 m 200 m 300 m 400 m 500 m 

2010 10/14 0 0 1 0 0 0 0 1 (4.0) 

 10/15 0 2 12 0 0 0 0 14 (56.0) 

 10/16 1 2 1 1 1 2 0 8 (32.0) 

 10/17 0 1 0 0 0 0 0 1 (4.0) 
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 10/18 0 0 0 0 0 0 0 0 (0.0) 

 10/19 0 0 0 0 0 0 0 0 (0.0) 

 10/20 0 0 0 0 1 0 0 1 (4.0) 

 10/21 0 0 0 0 0 0 0 0 (0.0) 

 10/22 0 0 0 0 0 0 0 0 (0.0) 

 10/23 0 0 0 0 0 0 0 0 (0.0) 

 
Total  

(%) 

1 

(4.0) 

5 

(20.0) 

14 

(56.0) 

1 

(4.0) 

2 

(8.0) 

2 

(8.0) 

0 

(0.0) 

25 

(100.0) 

 
Recapture

rate (%) 
0.03 0.17 0.47 0.03 0.06 0.06 0.00 0.83 

2011 10/13 5 2 0 0 0 0 0 7 (17.5) 

 10/14 4 4 0 0 0 0 0 8 (20.0) 

 10/15 0 3 1 0 0 0 0 4 (10.0) 

 10/16 0 0 3 0 0 0 0 3 (7.5) 

 10/17 0 2 0 1 0 0 0 3 (7.5) 

 10/18 0 0 2 1 0 0 0 3 (7.5) 

 10/19 0 1 1 1 0 0 0 3 (7.5) 

 10/20 0 2 0 0 1 0 0 3 (7.5) 

 10/21 0 1 1 0 0 0 0 2 (5.0) 

 10/22 0 4 0 0 0 0 0 4 (10.0) 

 
Total 

(%) 

9 

(22.5) 

19 

(47.5) 

8 

(20.0) 

3 

(7.5) 

1 

(2.5) 

0 

(0.0) 

0 

(0.0) 

40 

(100.0) 

 
Recapture 

rate (%) 
0.30 0.63 0.27 0.10 0.03 0.00 0.00 1.33 

In study site I, all the recaptured marked An. sinensis were females and 6 out of 25 

recaptured An. sinensis were engorged. In study site II, 37 out of 40 recaptured An. 

sinensis were females, and 9 out of 37 recaptured marked An. sinensis were engorged. 

The female-to-male ratio of recaptured marked An. sinensis in study site II was 37: 3.  

 

Dispersal ranges and directions  

In study site I, one marked An. sinensis was recaptured at the release point, and 5, 14, 

1, 2 and 2 marked An. sinensis were recaptured at 50, 100, 200, 300 and 400 m from 

the release point, respectively. Eighty percent of marked An. sinensis were recaptured 

within a radius of 100 m from the release point. The maximum distance traveled was 
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400 m, where 2 An. sinensis were recaptured. In study site II, 9 marked An. sinensis 

were recaptured at the release point, 19, 8, 3, and 1  marked An. sinensis were 

recaptured at 50, 100, 200 and 300 m from the release point, respectively. Ninety 

percent of marked An. sinensis were recaptured within a radius of 100 m from the 

release point. The dispersal ranges of marked An. sinensis per day after release are 

shown in Table 2.1.  

In study site I, 13 marked An. sinensis were recaptured to the east of the release point, 

9 marked An. sinensis were recaptured to the south, and 2 marked An. sinensis to the 

north. In study site II, 14 marked An. sinensis were recaptured  to the south of the 

release point, 16 marked An. sinensis to the west and 1 marked An. sinensis to the 

north. There was a significant difference in the recapture rates of release marked An. 

sinensis in different directions (2=30.016, P<0.01). The majority of An. sinensis were 

recaptured east in study site I while this was true for the west in study site II. The 

number of recaptured An. sinensis in distinct directions of two villages is shown in 

Table 2.2. 

Table 2. 2 Numbers of recaptured marked An. sinensis in distinct directions in two 

villages of Yongcheng City    

Year Direction 
No. of An. sinensis recaptured Total 

 (%) 

Recaptur

e rate (%) 0 m 50 m 100 m 200 m 300 m 400 m 500 m 

2010 
Release 

point  
1 — — — — — — 

1 

(4.0) 
0.03 

 East — 3 7 1 0 2 0 
13 

(52.0) 
0. 43 

 South — 2 7 0 0 0 0 
9 

(36.0) 
0.30 

 West  — 0 0 0 0 0 0 
0 

(0.0) 
0.00 

 North — 0 0 0 2 0 0 
2 

(8.0) 
0.07 

 
Total  

(%) 

1 

(4.0) 

5 

(20.0) 

14 

(56.0) 

1 

(4.0) 

2 

(8.0) 

2 

(8.0) 

0 

(0.0) 

25 

(100.0) 
0.83 

2011 
Release 

point  
9 — — — — — — 

9 

 (22.5) 
0.30 

 East — 0 0 0 0 0 0 
0 

(0.0) 
0.00 



49 
 

 South — 11 1 1 1 0 0 
14 

(35.0) 
0.47 

 West  — 8 7 1 0 0 0 
16 

(40.0) 
0.53 

 North — 0 0 1 0 0 0 
1 

(2.5) 
0.03 

 
Total  

(%) 

9 

(22.5) 

19 

(47.5) 

8 

(20.0) 

3 

(7.5) 

1 

(2.5) 

0 

(0.0) 

0 

(0.0) 

40 

(100.0) 
1.33 

 

 

Survival rate  

The log-transformed number of recaptured An. sinensis decreased significantly as a 

linear function of time in days post-release (Fig. 2.1). In study site I, the regression 

equation was ln (y+1) = -0.2193 x + 1.6851, and the coefficient of determination R2 

was 0.4547. Then daily survival rate, calculated as the antilogarithm of the regression 

coefficient [-0.2193 （ 95% CI, -0.05286~ -0.3857 ） ], was 0.8031 （ 95% CI, 

0.6799~0.9485）. In study site II, the regression equation was ln (y+1) = -0.07898 x + 

1.9077, and the coefficient of determination R2 was 0.4932. Then the daily survival 

rate, calculated as the antilogarithm of the regression coefficient [-0.07898（95% CI, 

-0.0352~ -0.1345）], was 0.9240（95% CI, 0.8742~ 0.9654）(Fabian, Toma et al. 2005).   
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Figure 2. 1 Regression of the daily number (ln y+1) of marked An. sinensis 

recaptured in days post-release in 2010 and in 2011.  

 

The meteorological factor   

There was no significant difference in climatic conditions between two study sites 

during the study period. The range of the temperature varied from 11.5~27.0 °C in 

study site I and 9.0~26.0 °C in study site II. No rainfall was recorded of the study 

period during either year. The wind velocity was low and the main wind direction in 

study site I was west wind while not regular in study site II during the study period. 

Other relevant meteorological parameters are shown in Table 2.3.  

Table 2. 3 The meteorological parameters during the study period in two villages of 

Yongcheng City  

Year 
Recapture 

date 

Temperature 

(℃) 

Relative 

humidity 

（%） 

Precipitation 

（mm） 

Wind velocity 

(m/s) 

Wind 

direction 
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2010 10/14 14.7~23.4 35~75 0 0.3~3.4 W 

 10/15 13.5~23.7 39~81 0 0.0~2.2 NE 

 10/16 11.7~27.0 16~86 0 0.3~3.5 SE 

 10/17 12.4~24.1 38~81 0 0.2~3.2 W 

 10/18 15.0~26.5 24~90 0 0.2~3.8 SW 

 10/19 13.4~22.7 57~90 0 0.2~2.7 NE 

 10/20 12.3~19.8 63~86 0 0.9~3.4 N 

 10/21 11.5~22.5 36~92 0 0.1~3.8 E 

 10/22 12.2~23.8 33~82 0 0.3~3.5 E 

 10/23 13.3~24.3 39~90 0 0.3~5.0 E 

2011 10/13 11.0~22.0 79~98 0 0.0~2.0 N 

 10/14 9.0~22.0 32~97 0 0.0~2.0 NW 

 10/15 13.0~21.0 28~70 0 0.0~2.0 N 

 10/16 12.0~22.0 17~66 0 0.0~2.0 N 

 10/17 12.0~26.0 28~87 0 0.0~2.0 
Not 

regular 

 10/18 13.0~25.0 25~94 0 1.0~3.0 SE 

 10/19 16.0~25.0 31~91 0 0.0~2.0 
Not 

regular 

 10/20 14.0~22.0 48~90 0 0.0~2.0 
Not 

regular 

 10/21 14.0~21.0 68~90 0 0.0~1.0 W 

 10/22 13.0~23.0 83~100 0 0.0~1.0 E 

Temperature (°C) and relative humidity (%) were recorded from a weather website in 

China (http://www.weather.com.cn). Ambient outdoor air temperature and relative 

humidity of each collection hour was recorded using a WS-1 thermo-hygrometer 

device (Tianbayiqi Corp., Tianjin, China).  

 

Discussion  

The present study showed a recapture rate of marked An. sinensis of 0.83% and 
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1.33% in study site I and II, respectively. These recapture rates are affected by the 

experimental design, the source and species of mosquitoes, the resting and oviposition 

sites, the availability of host blood meals, the age structure of mosquitoes (Rawlings P, 

Curtis CF et al. 1981), configuration of dispersal area (Cho, Lee et al. 2002), local 

geography and topography, mosquito collection methods (Muir and Kay 1998; Reisen, 

Lothrop et al. 2003). Reisen et al reported a female recapture rate of female An. 

culicifacies was 8.0%, with a 5.9% rate for males, captured mainly in houses and 

cattle houses (Reisen, Mahmood et al. 1980). Jaal et al reported that only 3 out of 8 

species of Anopheline mosquitoes were recaptured with the recapture rates of 3.42% 

for An. lesteri paraliae, 1.19% for An. subpictus, and 0.97% for An. vagus (Jaal and 

MacDonald 1992). Kligler reported that An. sacharovi flew over 13 km from their 

larval habitat, and An. freeborni flies 42 km from the release site to find a place for 

passing the winter (Kliger and IJ 1932).  

It is reported that light traps can be used as an alternative to human biting catches of 

An. sinensis in the study area and is a promising tool for sampling malaria vector 

populations (Duo-quan, Lin-hua et al. 2012). Therefore, light traps were used to 

recapture the marked An. sinensis in this study. These light traps were operated within 

the courtyards to avoid a sample bias which may affect the dispersal of An. sinensis. 

Using this method, the effective attraction radius for the light traps was shortened 

because walls blocked the passage of light. In the first day, light trap at the release 

point was opened at 21:00 to ensure that marked mosquitoes had an opportunity to 

leave the release area.  

Both females and males were captures in the light traps. For the marked An. sinensis, 

more females than males were recaptured in general. This phenomenon could be due 

to the light traps becoming more efficient at capturing females when they seeking 

blood meals.  

The present study was similar to a MRR experiment with An. sinensis in the northern 

part of Gyeonggi-do, Korea (Cho, Lee et al. 2002). However, the recapture rate in the 

present study was slightly lower than that of Gyeonggi-do’ study (1.52%). The 

differences in recapture rate could be explained by the difference in mosquito 
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collection methods. Light traps of their studies were set mainly in cattle sheds. In 

contrast, only a small proportion of light traps were set in cattle sheds because of the 

relatively small number of livestock in the study villages. However, recapture rates in 

MRR experiments involving anopheline or culicine mosquitoes are often less than 1% 

(Jaal and MacDonald 1992).   

Relying on newly emerged female anopheline mosquitoes could improve recapture 

rates and provide more data for MRR studies (Ejerctto and Urbino 1951; Midega, 

Mbogo et al. 2007). In this study, wild captured An. sinensis were released in study 

site I while newly emerged An. sinensis were released in study site II. The reason why 

two sources of An. sinensis were employed is that newly emerged mosquitoes may 

improve the recapture rate compared to wild captured adults (Harrington, Buonaccorsi 

et al. 2001). The relatively lower recapture rate in study site I (0.83%) may be partly 

attributed to the differences in the sources of released mosquitoes (Ejerctto and 

Urbino 1951).  

In this study, both male and female An. sinensis were released. In study site I, all the 

recaptured marked An. sinensis were females while 37 out of 40 recaptured marked 

An. sinensis were females in study site II. The reason why male An. sinensis were 

released was to add additional information to the recapture rate of each sex to the 

MRR experiment.  

In this study, the longest range for setting light traps was 500 m, and this range is 

shorter than similar studies in Korea (Cho, Lee et al. 2002). Based on our 

observations in the field, the distance between release point and edge of most of the 

villages was less than 400 meters in Yongcheng City. In addition, we studied the 

dispersal range in real rural villages rather than that in open uninhabited areas. 

Therefore, from the point of view of vector control targeted malaria elimination, 

epidemiological survey of detected and undetected cases when malaria occurred, the 

prevention of emergence and spread of secondary cases, 500 m as the maximum 

radius in the village could be considered an adequate range.  

Previous research showed that the dispersal range of mosquitoes can mainly be 

influenced by local environmental characteristics rather than mosquito species. In this 
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study, 80% and 90% of the marked An. sinensis were recaptured within a radius of 

100 m from the release point in study site I and study site II, respectively. The furthest 

recapture ranges were 400 m and 300 m in study site I and study site II, respectively. 

The dispersal ranges in the present study were shorter than that of a study in 

Gyeonggi-do, Korea (Cho, Lee et al. 2002). In their study, 37.1% marked An. sinensis 

were recaptured in light traps set at 1 km from the release point (Cho, Lee et al. 2002). 

In Yongcheng City, the distance between release point and edge of most of the 

villages was less than 400 m. Farms were the principal habitat beyond 400 m and a 

few crops grow in the farm during the study period. It is possible that the diversity of 

obstacles posed by the irregular and dense structures in these two villages, associated 

with high availability of blood meals hosts and breeding sites within a radius of 400 m, 

constrained the dispersal of An. sinensis, where no mosquitoes flew beyond 400 m 

from the release point. Therefore, when a confirmed malaria case is reported during 

the critical period of P. vivax malaria elimination, emergency vector control activities 

should target An. sinensis larvae and adults within a 400 m radius of confirmed case, 

and 100 m is the key radius of the vector control activities.   

Regarding the dispersal directions of marked An. sinensis in the present study, most of 

marked An. sinensis were recaptured in the east (13) and south (9) in study site I. In 

contrast, most of marked An. sinensis were recaptured in the west (16) and south (14) 

in study site II. Based on the field observations, there were more livestock sheds 

distributed in the east of study site I while more livestock sheds in the west of study 

site II. In addition, the main wind direction in study site I was west wind while not 

regular in study site II. However, structures, geography, wind velocity were similar 

between two villages during the study period.  

The daily survival rate could be influenced by temperature, food availability, host 

destruction, predation by natural enemies (dragonfly, bat, bufonid, Gekko japonicus, 

spider, etc.), and other environment factors. Loss of marked mosquitoes was probably 

mainly due to migration out of the trapping area, loss of marking and death. All these 

would inflate the estimate of daily mortality of An. sinensis. Based on our laboratory 

experiment, fluorescent pigments may have little effect on the survivorship of An. 
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sinensis if sprayed correctly during the 14 day observation and assay period. 

Fluorescent pigment on the body surface of marked An. sinensis can be detected under 

dissecting microscope in all replicates. In the field, we also observed recaptured An. 

sinensis could be 100% identifiability in the laboratory during the study period.  In the 

present study, the estimated daily survival rates of An. sinensis were relatively low, 

thought this phenomenon was in line with other reported studies (Zhou, Huang et al. 

2010). The relatively limited dispersal range of marked An. sinensis could be 

explained to some extent by the relatively low daily survival rates. Though the daily 

survival rates during the study period were not high, it is possible that a malaria 

outbreak would take place if source infection is introduced, ineffective vector control 

and high population susceptibility. Therefore, it poses a challenge to the 

implementation of malaria elimination in China by 2020.  

Other potentially important aspects of MRR experiment were time of release, 

sampling intensity and weather conditions (Reisen, Lothrop et al. 2003). The release 

time of the present two MRR studies was at 19:00. The reason why this time was 

selected as release time was that the density of An. sinensis begin to rise during these 

times in a day (Liu, Liu et al. 2011). Weather conditions, especially heavy rains, have 

played an important role in the lower recapture rate of An. saperoi by restricting the 

movements of most of the released mosquitoes (Fabian, Toma et al. 2005). 

Fortunately, a favorable factor was that no rain happened during the study period in 

study site I and study site II. However, an unfavorable factor was that the temperature 

was relatively lower during the study period in these two years. This might exert 

reverse effect on the recapture rate and flight activity of marked An. sinensis.  

This paper describes the first mark-release-recapture experiment using both wild and 

newly emerged An. sinensis to determine the recapture rate, dispersal range and 

survival rate of fluorescent pigment marked An. sinensis in two rural villages of 

Yongcheng City, a representative region of unstable P. vivax malaria transmission in 

the central part of China. The findings of our research could provide the scientific 

basis for the development of effective control measures for malaria elimination in 

China.   
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Care needs to be taken in interpreting the results of this study. First of all, there is no 

replication in this study. It was difficult to obtain An. sinensis because of the number 

of released An. sinensis adults and larvae were affected by severe drought in the two 

years. Therefore, the release sites, life history stages and trapping grids varied 

between years. These variations make direct comparisons of the results from 2010 and 

2011 difficult. Secondly, constructions and physical barriers in the villages, such as 

houses and other buildings, may influence the dispersal of marked An. sinensis. 

Thirdly, the number of released An. sinensis in these MRR experiments was relatively 

small, and this may cause some impact on the recapture rates of marked An. sinensis. 

Fourth, the relationship between the recapture rate of marked An. sinensis and the 

meteorological conditions should be further analyzed by spatial analysis and GIS 

software could be used in similar studies in future. Finally, the weight of fluorescent 

pigment on the body of mosquito individuals was not considered in this study.  
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Introduction 

Dengue fever (DF) has been known from antiquity and is still a major global public 

health concern. The disease, which can be caused by four distinct dengue viruses, is 

transmitted by Aedes mosquitoes (Gubler 1998) and is epidemic in more than 100 

countries. DF is now the fastest spreading mosquito-borne disease in the world, and in 

the past 50 years, case incidence has multiplied 30 times, with about 30% to 54.7% of 

the world’s population (2.05–3.74 billion) now living in areas where dengue viruses 

can be transmitted (Brady, Gething et al. 2012). 

 

In 1978, a sudden outbreak of DF occurred in Foshan City, Guangdong Province after 

an absence of 30 years. Since then, Hainan, Guangxi, Fujian, Yunnan and Zhejiang 

have all reported DF outbreaks (Lu, Lin et al. 2009). Guangdong Province has had the 

highest DF incidence in mainland China during the past decades, accounting for more 

than 65% of all cases in the country (Liu, Liu et al. 2013). However, the incidences 

among the counties within Guangdong is not be homogenous (Liu, Liu et al. 2013). A 

better understanding of the spatial pattern of DF would help identify high-risk areas 

and might assist in the development of DF control and prevention strategies in the 

province. Meteorological factors can influence the lifespan, breeding, survival, and 

population dynamic of the vector mosquitoes both directly and/or indirectly. Studies 

have shown that meteorological factors, including rainfall, temperature, and relative 
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humidity, are important environmental factors that could influence the transmission 

dynamics of DF. El Niño/Southern Oscillation (ENSO) is a significant index of 

quasiperiodic climate pattern, which affects most countries in the Pacific and Indian 

Oceans. The Southern Oscillation Index (SOI), the atmospheric component of El Niño, 

is defined as the normalized difference in atmospheric pressure between Darwin 

(Australia) and Tahiti (French Polynesia). In Guangdong Province, negative values of 

the SOI are associated with El Niño conditions (dry and warm), and positive values 

with La Niña conditions (wet and cool). Other studies have linked the SOI to the risk 

of DF transmission (Descloux, Mangeas et al. 2012). The use of geographic 

information systems (GIS) with spatial statistics, including spatial smoothing and 

autocorrelation analysis, has been increasingly applied to infectious diseases, 

especially zoonoses and vector-borne diseases over recent years (Lin, Liu et al. 2007; 

Lin, Lu et al. 2009; Lu, Lin et al. 2010; Lin, Ning et al. 2012).In this study, we 

explored the spatial pattern of DF transmission in Guangdong Province from 

2005-2011 with the aim of identifying the high-risk areas of DF transmission, to 

provide a basis for dengue control and prevention measures. We further examined the 

short-term effect of meteorological factors and SOI on DF epidemics assess their 

ability to predict the dengue outbreaks.  

 

Materials and methods 

 

Guangdong Province is located in southeastern China (20°12′N-25°31′N, 

109°45′E-109°45′E) as showed in Figure 5.1. The province comprises 21 

prefecture- level cities and 122 counties with a total land area of 179,800 square 

kilometers and a population of about 104,303,132 according to the national census in 

2010. Guangdong has a subtropical climate influenced by the Asian monsoon, with an 

annual average temperature of 19-24℃. The summer is wet with temperatures 

between 28-29℃ in July, while the winter is usually mild, dry and sunny with 

http://en.wikipedia.org/wiki/Quasiperiodicity
http://en.wikipedia.org/wiki/Climate_pattern
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temperatures between 16-19℃ in January. The average annual rainfall in the study 

area was between 1,300 mm and 2,100 mm and the humidity was between 69% and 

83%. 

 

Figure 3. 1 Location of Guangdong Province in China.  

 

Materials  

Records of DF cases in Guangdong Province between 2005 and 2011 were obtained 

from the National Notifiable Disease Surveillance System. Blood samples from all DF 

patients’ were collected in hospitals and sent for diagnostic confirmation to the 

laboratory of Guangdong Provincial Center for Disease Control and Prevention. 

Demographic data were obtained from the Guangdong Statistical Yearbook.  

To conduct a GIS-based analysis on the spatial distribution of DF cases, the 

county-level polygon map at 1:250,000 scale was obtained from Data Sharing 

Infrastructure of Earth System Science (www.geodata.cn), on which a county-level 

layer containing information regarding latitudes and longitudes of central points of 

each county was created. All DF cases were geocoded and matched to the 

county-level layers of polygon and point by administrative codes using the software 

ArcGIS 10.0. 

Daily meteorological data, including mean temperature, maximum temperature, 

minimum temperature, relative humidity, rainfall, atmospheric pressure and SOI from 

2005 to 2011, were retrieved from the China Meteorological Data Sharing Service 
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System http://cdc.cma.gov.cn/index.jsp and the website of the Australian Bureau of 

Meteorology (http://www.bom.gov.au/).  

 

GIS mapping and spatial analysis 

 

To manage variations of incidence in small populations and areas, the annual average 

incidences of DF per 100,000 in each county over the 7 year-period were calculated, 

and spatial rate smoothing was implemented. Based on the overall annual average 

incidence (2.5/100,000), all counties were grouped into four categories (Lu, Lin et al. 

2010): non-epidemic areas, low epidemic areas with annual average incidence 

between 0 and 2/100,000 persons, medium epidemic areas with an incidence between 

2 and 4/100,000 persons, and high epidemic areas with an incidence > 4/100,000 

persons. The counties were color-coded according to the epidemic level. To assess the 

risk of DF in each county, an excess risk map was produced. The excess  risk was 

defined as the ratio of the observed incidence at each county divided by the average 

incidence. The average incidence of the whole province was calculated as the number 

of cases in the province divided by the total population at risk (Yi, Xu et al. 2003). 

Global spatial autocorrelation analysis was performed in GeoDa095i software. 

Moran’s I, spatial autocorrelation statistic was calculated and visualized in the form of 

Moran Scatter Plot. First, a contiguity-based spatial weight was constructed for each 

county by creating a rook contiguity weights file. Second, the Moran’s scatter plot 

was produced with a spatial lag of incidence on the vertical axis and a standardized 

incidence on the horizontal axis. The number of permutation test was set to 999 and 

the pseudo-significance level was set at 0.01.  

 

Time-stratified case-crossover analysis 

A time-stratified case-crossover model was utilized to examine the short-term 

association of daily DF with daily meteorological factors (including temperature, 

relative humidity, precipitation, and atmospheric pressure) and SOI. This design 

compares the exposure in the case period when events occurred with the exposures in 

http://cdc.cma.gov.cn/index.jsp
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nearby control periods to determine the differences in exposure that might explain the 

differences in the daily number of DF cases (Maclure 1991; Maclure 1991). In the 

present study, the case and control periods were matched by day of the week in order 

to control for any weekly patterns of DF cases or weather variables. Control periods 

were compared with cases using the time-stratified method with 28 days strata (Guo, 

Tong et al. 2010). Such a time-stratified case-crossover study design ensured that each 

case day had three matching control days to avoid an overlap bias in the risk 

estimation (Whitaker, Hocine et al. 2007). For this study, the first stratum was January 

1 to January 28, 2005, and the second was January 29 to February 25, 2005; for a DF 

case on January 28, 2005, the control days were January 7, 14 and 21 of 2005.The 

case-crossover method inherently controls for any long-term trends and seasonal 

patterns of disease and explanatory variables, and individual characteristics such as 

age, sex, and educational level (Bateson and Schwartz 2004). Studies have 

demonstrated that the time-stratified case-crossover analysis provides unbiased 

estimates in the presence of strong seasonal confounding (Forastiere, Stafoggia et al. 

2005; Guo, Barnett et al. 2011). Here public holidays (as a binary variable) were 

included in all models as a potential confounding factor. We did uni-variate model and 

multi-variate model, only two weather variables were included in one model. We also 

did the analysis to include all the weather variables in one model. We estimated the 

linear effect of the meteorological factors according to different lag structures 

including the current day (lag0) up to 3 days prior (lag3). Results of the analysis were 

expressed as excess risk (ER) of DF based on one unit increase in the weather 

variables. ER was calculated using the formula: ER=(OR-1)*100%, where OR (odds 

ratio) was obtained through the conditional logistic regression model. All statistical 

tests were two-sided. The “season” package of R (version 2.14.1) was used to fit the 

time-stratified case-crossover model. 
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Results 

 

There were 1,709 DF cases reported in Guangdong Province during 2005-2011. There 

were seasonal patterns in these variables. Annual average incidences at the 

county-level ranged from 0 to 8.07 per 100,000. Hhigh-epidemic DF areas were 

mainly restricted to the Pearl River Delta Region and Han River Delta Region, the DF 

incidences of the counties in these two areas were 2-4/100,000 persons or more than 

4/100,000 persons (Figure 3.2).  

 

Figure 3. 2 Annual average incidence of dengue fever in the counties in Guangdong 

Province, China, 2005–2011.  

 

Figure 3.3 shows the risk map of DF, where the ER is defined as a ratio of the 

observed number divided by the expected number of DF cases. Counties in light gray 

color had lower incidences than expected, with risk ratios less than 1. In contrast, 

counties in dark gray to black color had incidences higher than expected or risk ratios 

greater than 1. 
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Figure 3. 3 Risk map of dengue fever at the county level in Guangdong Province, 

China, 2005–2011. 

 

Spatial autocorrelation of DF in Guangdong Province 

 

A Moran scatter plot was created and a significance assessment through a permutation 

test was implemented by global spatial autocorrelation analysis for annualized 

average incidence of DF (Figure 3.4). The number listed on the top of the graph 

(0.2433) is the Moran’s I statistic (Figure 4a), and a histogram was generated by 

performing the significance assessment of the Moran’s I statistic (Figure 4b). The 

brown part was the reference distribution and the yellow bar was the statistic (Figure 

4b). In addition the number of permutations (999) and the preudo-significance level 

(0.002) were also listed in the upper left corner, as well as the value of the statistic 

(0.2433), its expected mean (E(I)=0.0083), and the mean and standard deviation of the 

empirical distribution were -0.0057 and 0.0494 (as shown in the bottom). The statistic 

was significant for Moran’s I at a leve l of 0.01. Spatial autocorrelation analysis for 

annualized incidence of DF in Guangdong Province from 2005 to 2011 showed that 

the Moran’s I statistic was significant from 2005 to 2006 and from 2009 to 2011, but 

not significant in 2007 and 2008 (Table 1).  
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Figure 3. 4 Global spatial autocorrelation analysis for annualized average incidence of 

dengue fever (DF) in Guangdong Province, China, 2005–2011. 

 (a) The Moran’s scatter plot for annualized average incidence of DF. (b) Histogram 

for significance assessment of Moran’s I.  

 

The association between DF and meteorological factors 

 

Figure 3.5 illustrates the results of the time-stratified case-crossover analyses-. In the 

figure, w/Tmin in the Y-axis means that minimum temperature was controlled for in 

the model. However, when one weather variable was controlled in the model of the 

same variable, it was the result of uni-variate model for that variable. It was found 

that atmospheric pressure (at lag 0-3 days) was related with increased DF risk in both 

single- and two-factor analyses, and the ER appeared to be larger when other 

meteorological factors were controlled for. Daily mean and minimum temperatures 

have delayed effects on DF with three days and two days lag, respectively. Daily  

maximum temperature was associated with decreased DF risk at lag 0-2 days, and this 

effect persisted when other meteorological factors were included. The SOI was found 

to be associated with decreased DF at lags of 0-1 days. Corresponding ERs were 7.68 

(95% CI: 5.58, 9.83) per 1hpa increase in atmospheric pressure on the current day, 

6.99 (95% CI: 3.38, 10.74) for one degree increase in daily mean temperature after 

controlling for pressure at lag 3 day, 0.83 (95% CI: 0.50, 1.17) for one degree increase 

in daily minimum temperature after controlling for pressure at lag 3 day, -0.50 (95% 
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CI: -0.94, -0.06) for one degree increase in daily maximum temperature after 

controlling for mean temperature on the current day, and -0.99 (95% CI: -1.46, -0.52) 

for one unit increase in SOI on the current day, respectively. No significant 

association was observed for relative humidity and rainfall in the results. When all the 

weather variables were included in one model, similar results were produced.  

 

Figure 3. 5 The association between dengue fever and meteorological factors in 

Guangdong Province, China, 2005–2011. On the y-axis, w/Tmin means that minimum 

temperature was controlled for. Lag on the right y-axis was the effect estimation on 

different lag days. 

 

In the sensitivity analysis, we conducted a time stratified case-crossover study for the 

high-risk areas of the Pearl River Delta and the Han River Delta Regions, separately, 

which yielded similar results with that of the whole province (Supp lementary Figure 

s2 and Figure s3). 

 

Discussion 
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In this study, both exploratory spatial analysis and case-crossover analysis of DF and 

meteorological factors were conducted in Guangdong Province. Our analyses 

demonstrated that spatial distribution of DF among the counties in Guangdong 

Province was non-random, and the high-epidemic areas were mainly restricted to the 

Pearl River Delta Region and the Han River Delta Region. From the analysis of the 

association between DF and meteorological factors, we found that atmospheric 

pressure (at lags of 0-3 days) and daily mean and minimum temperature with 2 to 

3-day lags were statistically significantly and positively associated with DF, while 

daily maximum temperature (at lags of 0-2 days) and SOI (at lags of 0-2 days) were 

negatively associated with DF epidemics.  

Since 2005, the high-epidemic areas of DF have been mainly restricted to the Pearl 

River Delta and Han River Delta Regions, which is consistent with previous studies 

(Yi, Xu et al. 2003; Liu, Liu et al. 2013). Efficient allocation of health resources in DF 

control and prevention programs requires such accurate information on the 

geographical pattern of DF transmission. Thus, the results of this study may assist 

with the allocation of health resources more effectively and efficiently. According to 

the findings of this study, we suggest that more dengue control resources should be 

placed in the Pearl River Delta and Han River Delta Region. We identified areas of 

increased risk that are again located in the Pearl River Delta Region and Han River 

Delta Region (Figure 3). Yi and colleagues (Bintang, Zhiying et al. 2003) analyzed 

the distribution pattern of Aedes mosquitoes in Guangdong Province, and found that 

both the Pearl and Han River Deltas had higher Aedes mosquito density than other 

areas, which suggests that the high risk of DF in these two areas must be partly 

attributed to the high density of Aedes mosquitoes. Additionally, Guangdong is also 

the major source of laborers for Southeast Asia. As a result, many overseas Chinese 

communities had their origins in Guangdong. The residents in these regions keep 

close connections with Southeast Asian countries that are in the dengue-endemic 

regions. Imported dengue cases were believed to have been the cause of the outbreaks 

in some studies (Liu, Liu et al. 2013). Since 2000, frequent migration and rapid 

urbanization have emerged in Guangdong Province, especially in the Pearl River 

http://en.wikipedia.org/wiki/Southeast_Asia
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Delta Region and Han River Delta Region (Wu, Lay et al. 2009), which are the core 

economic region in the Province. Gubler predicted that if global trends of 

unprecedented population growth, continued globalization and unprecedented 

urbanizationcontinue as projected, then there will be continued increases in the 

severity, frequency, geographical distribution and magnitude of DF epidemics in the 

future (Gubler 2011). All these factors may contribute to the increased DF risk in the 

Pearl River Delta Region and Han River Delta Region. Preventing or reducing dengue 

virus transmission depends critically on the control of the mosquito vectors or 

interruption of human-mosquito contacts. At present, integrated vector management 

(IVM) is the strategic approach to mosquito control and dengue prevention promoted 

by WHO (World Health Organization 2004), but an efficient long-term sustainable 

control program would be needed, which should combine a top down and a bottom up 

approach, including IVM, environmental improvement, climate and vector 

surveillance based early warning system, planned population growth and controlled 

urbanization. 

Spatial autocorrelation analysis showed that there was non-random spatial distribution 

of DF in Guangdong Province during the period 2005 to 2011. More specifically by 

calculating the Moran’s I statistic annually, our study showed that the distribution of 

DF from 2005 to 2006 and from 2009 to 2011 was non-random geographically, but in 

2007 and 2008distribution of cases appeared to be random. Fluctuation in population 

immunity plays a major role in dengue transmission, because the disease does not 

induce permanent immunity. The non-random and clustered distribution in 

Guangdong from 2005 to 2011 might be population immunity. Two major outbreaks 

in Guangdong Province occurred in 2002 and 2006, with more than one thousand 

cases each year, and the population immunity may have been maintained at a high 

level after the outbreaks. The distribution would thus appear to occur randomly in the 

following years. Some studies have shown that both the incidence and geograp hical 

distribution of DF were related to environmental factors and climatic factors (Lu, Lin 

et al. 2009; Wu, Lay et al. 2009), In the future it would be helpful to investigate the 

changes in these factors when DF distribution is non-random and random. This study 
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provides baseline information on the geographical distribution of DF in Guangdong 

Province.  

Previous studies have reported that meteorological factors are associated with dengue 

transmission (Lu, Lin et al. 2009; Hu, Clements et al. 2010). The results of this study 

illustrated that vapor pressure, which is a measure of the actual water vapor content of 

the atmosphere, had a strong positive e correlation with the incidence of dengue fever 

in Guangdong Province. This finding was in accordance with studies in other areas. 

For example, on the Caribbean island of Barbados a positive relationship was found 

between vapor pressure and dengue fever incidence at a lag of 6 weeks (Depradine 

and Lovell 2004). Hales and coworkers analyzed climatic associations of global 

dengue outbreaks between 1975 and 1996, and found that the annual average vapor 

pressure was the most important individual predictor of DF distribution (Hales, de 

Wet et al. 2002). Higher atmospheric vapor pressure may favor the vector mosquitoes; 

under these conditions infected mosquitoes would feed more frequently or feed 

multiple individuals, thereby increasing the transmission of the disease (Depradine 

and Lovell 2004). 

Daily mean and minimum temperatures were positively associated with DF incidence, 

while daily maximum temperature was inversely associated with DF incidence. 

Temperature has been shown to influence many vector-borne diseases (Lin, Liu et al. 

2007; Lin, Yang et al. 2012), affecting both the survival time and habitats of the vector, 

and also their replication, maturation, and infective periods. Higher temperature was 

found to shorten the extrinsic incubation period and viral development rate, and 

increase the amount of infectious mosquitoes in the environment (Watts, Burke et al. 

1987). Correlation studies between climatic factors and the distribution of Ae. 

albopictus (Wu, Liu et al. 2011) showed that they bred in those areas where the annual 

mean temperature was above 11.8℃, the mean temperature in January was above 

5.8℃, and the annual precipitation was above 500mm (Wu, Liu et al. 2011). When the 

atmospheric temperature is too low, the dengue virus development slows down and 

the mosquito biting rate declines. According to a study by Hawley, the optimum 
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temperature limits for Ae. albopictus range from 20℃ to 27℃, with a maximum 

temperature around 30℃(29).In laboratory studies survival rate started to decrease 

when the temperature rose above 28℃ (Delatte, Gimonneau et al. 2009). Guangdong 

Province has a humid subtropical climate influenced mainly by the Asian monsoon. 

Summers are wet with high temperature and a high humidity index. Winters are mild, 

dry and sunny. The annual mean temperature ranges from 19℃℃ to 24℃; the annual 

maximum temperature ranges from 34.6℃ to 39.0℃. Therefore, as temperature 

increased to the optimum temperature for Ae. albopictus, particular dengue prevention 

measures should be implemented. When temperatures rise above the optimum levels 

for the development and activity of adult mosquitoes, their survival will be adversely 

affected and risk of the disease is expected to decrease.  

We did not find any significant relationship between humidity or rainfall and DF 

incidence at lags of 0-3 days in the present study, which was consistent with the 

findings of previous studies (Lu, Lin et al. 2009). Kovats has suggested that rainfall 

could affect the breeding of mosquitoes, but this might be less important in urban 

areas, as the vectors often breed in small containers, such as plant pots, which may 

contain water in the absence of rain (Kovats, Bouma et al. 2003). The distribution of 

DF in Guangdong Province was mainly concentrated in the developed urban areas, 

where public health facilities and drainage system were in good condition and rainfall 

had little impact on increasing breeding sites for mosquitoes. Optimal humidity 

condition can increase mosquito survival significantly, although the lower limit of 

annual relative humidity (69%) was generally in winter, when the temperature was too 

low to transmit dengue virus. However, in the dengue epidemic season, the relative 

humidity was high enough to facilitate dengue transmission in Guangdong Province.  

It has been suggested that the geographical expansion of DF in the world may be 

partly attributable to global climate change. The El Niño/Southern Oscillation (ENSO) 

is a systematic pattern of global climate variability, affecting most  countries in the 

Pacific and Indian Oceans (Kovats, Bouma et al. 2003). Our study found that ENSO 

was associated with dengue transmission risk in Guangdong Province. Furthermore, 

ENSO has been found to be related to various health outcomes, including waterborne 
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infectious diseases, vector-borne disease and natural disaster-related deaths in other 

areas(Hu, Clements et al. 2010; Lin, Zou et al. 2013 ). In Thailand, which does not 

have a strong ENSO signal, there was no correlation (Hay, Myers et al. 2000). 

Alexandre (Gagnon, Bush et al. 2001) examined the relationship between dengue 

epidemics and the ENSO across the Indonesian archipelago and northern South 

America (Gagnon, Bush et al. 2001), and found that there was a statistically 

significant correlation at the 95% confidence level between El Niño and dengue 

epidemics in French Guiana and Indonesia and at the 90% confidence level in 

Colombia and Surinam (Gagnon, Bush et al. 2001). In Indonesia, which has a strong 

El Niño effect causing drought, dengue epidemics consistently occurred in the year 

after El Niño (Kovats, Bouma et al. 2003). Our study suggested that warmer 

temperatures (negative values of the SOI in Guangdong Province) were correlated 

with increased DF incidence. Hu stated the SOI was a regionally aggregated measure 

of climate variability, which associated with dengue risk (Hu, Clements et al. 2010). 

Further studies are needed to improve understanding of the mechanisms underlying 

these associations, and to assess the extent to which relationships between ENSO and 

dengue may be useful as a basis for an early warning system.  

Our findings illustrated that spatial and temporal analysis of DF was useful for 

improving our understanding of the characteristics of this disease, and to generate 

new hypotheses. In the meantime, further epidemiological and ecological studies are 

required to investigate the mechanisms of the observed association. Climate is not the 

only factor affecting DF transmission, environmental and social-economic factors, 

host-pathogen interactions and population immunological factors can all influence the 

dynamics of virus transmission (WHO 2009). But climate factors could directly 

influence the breeding and survival of the mosquito vectors and thereby affect their 

abundance and distribution. Climate is therefore an important predictor of 

vector-borne disease epidemics, and regional climate changes may drive an increase 

in transmission in larger, more populated area.  

There were certain limitations in this study. First, the use of passive surveillance data 

might have introduced measurement and information biases. For example, individuals 
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who were infected with DF but experienced only sub-clinical symptoms and did not 

seek medical treatment might have led to under-reporting (Mackenzie, Broom et al. 

1998). Second, the incidence of DF has been rising worldwide in recent decades. This 

is probably related to global trends such as population growth, urbanization, 

weakening of public health infrastructure, and climate change not measured here. 

Third, more information on the community and individual level risk factors (e.g., 

mosquito population dynamic, health education frequency, individual behaviors and 

awareness) is required because these might be confounding factors between 

socio-ecological characteristics and DF transmission(Hu, Clements et al. 2012). 

Therefore, future attempts to study the relationship between dengue and 

meteorological factors should consider collecting and analyzing more data on 

entomological and eco-health variables. Finally, some studies have suggested that the 

time-stratified case-crossover study design could suffer severe bias from residual 

seasonality (Whitaker, Hocine et al. 2007), in this study, we did carry out a sensitivity 

analysis using generalized additive model, which yield a generally similar estimation, 

suggesting that the seasonal residual bias in this analysis was not a serious drawback.  

The findings of this study may have significant implications for the development of 

strategic plans to control and prevent DF outbreaks in the Guangdong Province 

region.  
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Background 

Once established in high altitude regions, some mosquito species may threaten the 

health of humans and vertebrates due to their ability to transmit numerous diseases 

(Lounibos 2002; Benitez 2009; Tolle 2009; Delatte, Bagny et al. 2011; 

Iturbe-Ormaetxe, Walker et al. 2011). With a permanent resident population of 559, 

423 at the 2010 Chinese Census, Lhasa city, which is the administrative capital of the 

Tibet Autonomous Region (TAR), China is situated on the northern bank of the Lhasa 

River, a tributary of the Yarlung Zangbo, in the mid-south of TAR. To the east and 

southeast of Lhasa are the regions of Nyingchi and Sharman; Nagqu neighbours 

Lhasa on the north and west; Xigaze lies on its southwest. Among a total of 29,518 

square kilometers, the urban area of Lhasa is just 50 square kilometers. Standing on a 

plain over 3,650 meters (13,000 feet) above sea level and surrounded by towering 

mountains, Lhasa is known as the “city of the sun.” With an annual average 

temperature of 7.5°C, its average temperature in January is 2.3°C and 15.4°C in July. 

The climate here is of the temperate plateau monsoon type. Lhasa has an annual 

precipitation of 426 millimeters with rain falling mainly in July, August and 

September. 
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The subspecies in the Culex pipiens complex, may transmit a range of pathogens 

including the West Nile (Fonseca, Keyghobadi et al. 2004; Hamer, Kitron et al. 2008; 

Diaz-Badillo, Bolling et al. 2011; Amraoui, Krida et al. 2012) and St. Louis 

encephalitis viruses [10], avian malaria, and filarial worms (Smith and Fonseca 2004; 

Solomon 2004; Farajollahi, Fonseca et al. 2011). Members of the Cx. pipiens complex 

includes Cx. pipiens, Cx. quinquefasciatus, Cx. australicus, and Cx. globocoxitus  

(Farajollahi, Fonseca et al. 2011). Cx. pipiens has two recognized subspecies: Cx. 

pipiens pipiens and Cx. pipiens pallens. Cx. pipiens pipiens is an Old World taxa 

originally distributed from Northern Europe to the highlands of South Africa. Cx. 

pipiens pallens is found east of the Urals across temperate Asia (Fonseca, Smith et al. 

2009). Cx. quinquefasciatus typically thrives in tropical and sub-tropical regions, 

including the African lowlands, Americas, Asia, and Australia  (Fonseca, Smith et al. 

2006). As to ecological preference, Cx. pipiens (Cx. pipiens pipiens & Cx. pipiens 

pallens) and Cx. pipiens quinquefasciatus (Fonseca, Smith et al. 2006) are found in 

most inhabited areas globally and are often closely associated with humans, earning 

them the names of northern and southern house mosquitoes, respectively (Farajollahi, 

Fonseca et al. 2011). In addition, Cx. p. pipiensalso has two recognized forms 

“pipiens” and “molestus”, which differ dramatically in ecology. Though several 

members of the complex have limited geographic distributions [12]. Cx. pipiens (Cx. 

pipiens pipiens & Cx. pipiens pallens) and Cx. quinquefasciatus can hybridize 

extensively when their ranges overlap. Extensive introgression exists between 

populations of Cx. pipiens and Cx. quinquefasciatus in North America, Argentina, 

Madagascar, Japan and the Republic of South Korea (Urbanelli, Silvestrini et al. 1997; 

Humeres, Almiron et al. 1998; Wang, Ni et al. 2000; Kothera, Zimmerman et al. 

2009). Cx. australicus and Cx. globocoxitus are restricted to Australia (Smith and 

Fonseca 2004). 
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In China, Cx. pipiens complex consists of four subspecies (Tongyan Zhao and Baolin 

Lu 1995), including Cx. pipiens pipiens, Cx. pipiens quinquefasciatus, Cx. pipiens 

pallens and Cx. pipiens molestus. Cx. pipiens quinquefasciatus cannot be considered 

as a separate species and Cx. pipiens pallens is not an intermediate form. Cx. pipiens 

molestus is present in the underground water system in Beijing and Shenyang, China 

(Tongyan Zhao and Baolin Lu 1993). The usual altitude of Cx. pipiens pipiens is 

lower than 3,000 m. In eastern Colorado, Cx. pipiens pipiens activity occurs primarily 

in the populated valleys at lower elevation, diminishing rapidly at higher levels 

(>3,000 m) (Shaman, Day et al. 2010). Alvaro Diaz-Badillo et al. reported that Cx. 

pipiens pipiens, Cx. pipiens quinquefasciatus, and their hybrids were all present in 

Mexico City (2,200 m) (Diaz-Badillo, Bolling et al. 2011). In China, Cx. pipiens 

pipiens has been identified in Xinjiang Uygur Autonomous Region. Cx. pipiens 

quinquefasciatus occurred in areas south of 32°N. Xiaohong Sun et al. collected 

seventy-five Cx. pipiens quinquefasciatus in northeastern Yunnan Province 

(2,500-3,000 m) during 2005 and 2006 (Sun, Fu et al. 2009). Cx. pipiens pallens 

distributed in areas north of the Yangtse River  (Lu 1997). The highest elevation at 

which Cx. pipiens pallens has been observed in China is 2,900 metres, in Mainling 

County, Nyingchi area, Tibet  (Yixing Li, Minghua Li et al. 2011). 

Identifying members of the Cx. pipiens complex and other sibling species by 

morphologic methods is time-consuming and restricted to adult males (Brownie, 

Shawcross et al. 1997; Smith and Fonseca 2004).Other techniques, such as allozyme 

analyses (Urbanelli, Silvestrini et al. 1997), restriction fragment length polymorphism 

(RFLP) analysis of PCR products (Bourguet, Fonseca et al. 1998), only distinguish 

between the two major taxa of the complex: Cx. pipiens and Cx. quinquefasciatus. To 

solve this problem, Smith and Fonseca developed assays that use polymorphisms in 

the second intron of the acetylcholinesterase-2 (ace-2) locus to identify members of 

the Cx. pipiens complex and other sibling species. The same method may be used to 

detect introgression between Cx. pipiens and Cx. quinquefasciatus (Bourguet, Fonseca 

et al. 1998; Smith and Fonseca 2004; Kasai, Komagata et al. 2008). Extensive 
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population level examination of most of the species shows they consistently generate 

unique fragments that may be easily resolved by electrophoresis on agarose gels. This 

method permits the rapid and reliable identification of local mosquitoes.  

 

In recent years, there have been numerous changes that might assist mosquitoes to 

reach Lhasa and become established there. These include: global warming (Patz, 

Epstein et al. 1996; Reiter 2001; Stachowicz, Terwin et al. 2002; Zell 2004; 

Rydzanicz, Kiewra et al. 2006; Liu, Liu et al. 2012; Liu, Liu et al. 2012), increasing 

international trade and tourism, population growth and mobility(Yu, Zhang et al. 

2012), transport improvements (such as completion of the Qinghai-Tibet Railway in 

2006, the Qinghai-Tibet Highway, Sichuan-Tibet Highway and China-Nepal 

International Road, and the construction of the Gonggar Airport) (Li, Wang et al. 

2010), changing rainfall patterns (Ruiz, Chaves et al. 2010), and developments in 

agriculture, urbanization and industrialization (Jenifer Huang McBeath and McBeath 

2010). There are no official records to show whether mosquitoes existed in Lhasa city 

before 2009. In 2009, reports appeared in public media concerning the emergence of 

mosquitoes in Lhasa city. In addition, approximately 85.3 percent of local respondents 

said they were bitten by mosquitoes from the beginning of 2009 to the end of 2012, 

and almost one in 20 (4.5%) had to attend hospital for treatment for severe 

inflammation and local complications (Qiyong Liu et al., unpublished questionnaire 

survey in Lhasa in 2012). Therefore, this phenomenon is already perceived to be a 

serious public health problem. However, it is unclear which species of mosquitoes 

were involved, and whether these mosquitoes have indeed established themselves 

locally. This study was undertaken to test the media reports and to determine whether 

mosquitoes are now established in the city. The results provide the first scientific 

assessment of mosquitoes in Lhasa and provide a foundation for development of 

measures to control mosquito-borne diseases in Lhasa in the future.   

http://www.tibettravelplanner.com/flights/lhasa-airport.htm
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Methods 

Study sites 

The present study was undertaken in six urban sites of Chengguan district during 

August 2009 and August 2012. The sites were selected to be broadly representat ive of 

the geographic conditions and socio-economic characteristics of urban Lhasa. They 

included Tibet Center for Disease Control and Prevention (Tibet CDC), Longwangtan 

Park, Tibet Post Hotel, Gamagongsang Community, Xiashasu Community and Jiacuo 

Community (Figure 4.1). 

Figure 4. 1 The research sites of this study 

These sites include Tibet Center for Disease Control and Prevention (Tibet CDC) 

(N29°39.682’, E91°07.433’), Longwangtan Park (N29°39.582’, E91°07.151’), Tibet 

Post Hotel (N29°39.164′, E91°07.398′), Gamagongsang Community (N29°29.307′, 

E91°08.872′), Xiashasu Community (N29°39.284′, E91°07.867′) and Jiacuo 

Community (N29°39.429′, E91°05.375′).  

Tibet CDC lies to the northeast of the Potala Palace. The campus includes ma ny 

family dormitory buildings and well-established trees (cypresses). Leaks from water 

pipes and the irrigation of lawns provide potential breeding sites for mosquitoes. 
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Longwangtan Park lies to the northeast of the Potala Palace and features dense 

vegetation and a lake, with many fish and water birds. Tibet Post Hotel lies to the 

southeast of the Potala Palace, close to Longwangtan Park, it has many cypresses in 

its courtyard. Gamagongsang Community lies to the east of the Potala Palace with a 

population of 2,149 people within 837 households. There is limited infrastructure 

such as drainage systems and roads, and there are no parks or other urban green 

spaces. Xiashasu Community lies to the southeast of the Potala Palace with a 

population of 1,519 people within 907 households. Because of the famous “Dazhao 

Temple”, this community is the most crowded in urban Lhasa. Residents tend to be 

less educated, with lower incomes, restricted living spaces and poor dwelling 

conditions. Jiacuo Community lies to the northwest of the Potala Palace and adjacent 

to a large park. Residents are relatively wealthy and mainly live in self-built single 

family houses with small yards. 

Mosquito collection and initial morphological identification 

In this study, outdoor bed net traps (Tibet CDC, Longwangtan Park), light trap 

collection (Tibet Post Hotel, Tibet CDC, Gamagongsang Community, Xiashasu 

Community and Jiacuo Community) and labor hour method (Outpatient building and 

Residential area in Tibet CDC) were employed to collect adult mosquitoes in August 

2009 and August 2012. Studies were carried out on the same days of the month, three 

years apart. The surveillance method was the standard method released by the General 

Administration of Quality Supervision, Inspection and Quarantine of the People’s 

Republic of China and Standardization Administration of the People’s Republic of 

China (surveillance methods for vector density-mosquito, GB/T 23797–2009). 

The bed net traps were applied between 19:00 and 24:00 (the peak time for 

mosquitoes), taking account of the time for sunset in Lhasa city (generally 20:00 in 

August). Bed net traps were placed close to potential breeding habitats, at intervals of 

100 m. The distance from the bed net traps to the nearest resident’s house was also 

about 100 m. The size of bed net traps was 1.5 m × 1.2 m × 1.5 m, with twenty-five 
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centimeters between the floor and the bottom of the bed net traps. Some members of 

staff at Tibet CDC and China CDC were selected as human baits. These members 

(under double bed net traps to avoid mosquitoes bites) were also used repeatedly 

throughout the entire duration of the study (Liu, Liu et al. 2011). Every hour, all 

mosquitoes inside the bed net traps were collected by an electrical aspirator for 15 

minutes per hour throughout the 5 hour period. In 2009, the bed net traps were carried 

out on Aug.3rd - 4th in Tibet CDC (Lawn) (total of 3 bed net traps) and Aug.3rd in 

Longwangtan Park (total of 3 bed net traps). In 2012, the bed net traps were carried 

out on Aug. 7th - 8th in Tibet CDC (Lawn) (total of 4 bed net traps) and Aug. 10th - 

11th in Longwangtan Park (total of 4 bed net traps).  

An electric aspirator was employed for 15 minutes to collect mosquitoes inside an 

outpatient building and the residential area of Tibet CDC. In 2009, the labor hour 

method was carried out on Aug.4th in Tibet CDC (outpatient building) (total of 1 

person) and Aug.3rd in Tibet CDC (residential area) (total of 1 person). In 2012, the 

labor hour method was carried out on Aug.8th in Tibet CDC (outpatient building) 

(total of 1 person) and Aug.7th in Tibet CDC (residential area) (total of 1 person).  

Kung Fu Xiaoshuai miniature light traps (Photocatalytic Miewen Ying supply device; 

Wavelength: 2537Å; Power: 8W; Corporation: Wuhan Environmental Protection 

Technology Co., Ltd. Gemstar) were used to collect adult mosquitoes. The light traps 

were placed in the campus of Tibet Post Hotel, Tibet CDC and Gamagongsang 

Community, Xiashasu Community and Jiacuo Community. Traps were hung away 

from interference by light sources, 1.5 m above the floor. They were turned on 1 hour 

before sunset (20:00) and turned off 1 hour after sunrise (08:00). In 2012, the light 

traps were employed from Aug.5th - 12th in Tibet Post Hotel (total of 18 light traps), 

on Aug.7th - 9th in Tibet CDC (Lawn) (total of 9 light traps), on Aug.10th in 

Gamagongsang Community (total of 2 light traps), on Aug.12th in Xiashasu 

Community (total of 4 light traps) and on Aug.9th in Jiacuo Community (total of 4 

light traps), respectively. 
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Information on temperature (°C) and relative humidity (%) was obtained from 

http://www.weather.com.cn. During collections, ambient outdoor air temperature and 

relative humidity was recorded hourly using a WS-1 Thermo-Hygrometer device. 

Mosquito species identification 

Each morning, the trapped adult mosquitoes were initially counted and identified 

according to morphological criteria using the key developed by Lu BL  (Lu 1997). 

All collected mosquitoes were put into 1.5 ml centrifuge tubes individually and then 

transported to the laboratory of the Department of Vector Biology and Control in 

China CDC for further molecular identification. Genomic DNA was extracted from 

individual mosquitoes. A Qia Amp DNA Mini Kit (Qiagen Inc., CA) was adopted and 

DNA was extracted from the thorax of mosquitoes according to the manufacturer’s 

instructions. 

To reveal the species composition of mosquitoes in Lhasa city, a multiplex PCR 

protocol was adopted using polymorphisms in the second intron of the 

acetylcholinesterase-2 (ace-2) locus, developed by Smith, J. L. & Fonseca, D. M [12]. 

Three forward primers (ACEquin, ACEpall and ACEpip) and one backward primer 

(B1246s) were adopted simultaneously. Each of the three primers was used in 

conjunction with the reverse primer B1246s  (Brownie, Shawcross et al. 1997; Smith 

and Fonseca 2004), (Table 4.1). Because of limited distribution of Cx. pipiens 

molestus in China (Tongyan Zhao and Baolin Lu 1993), the primer of Cx. pipiens 

molestus was not included in this study. Approximately 105 (14.4%) mosquitoes that 

were selected from four sites (two institutions and two communities) in 2012, were 

further identified to sub-species level.  

Table 4. 1 Primer sequences for the acetylcholinesterase-2 locus-based polymerase 

chain reaction assay 

1Primer

s 

5′-3′sequences Product size with B1246s 

(bp) 
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ACEpip 5′-GGA AAC AAC GAC GTA TGT ACT-3 ′ 610 

ACEpall 5′-ATG GTG GAG ACG CAT GAC G-3′ 478 

ACEqui

n 

5′-CCT TCT TGA ATG GCT GTG GCA-3 ′ 274 

B1246s 5′-TGG AGC CTC CTC TTC ACG G-3 ′  

Primer sequences for the acetylcholinesterase-2 (ace-2) locus-based polymerase chain 

reaction assay. 

1Primers of this multiplex PCR assay were designed based on the sequence differences 

in the acetylcholinesterase-2 (ace-2), developed by Smith, J. L. & Fonseca, D. M. 

The PCR assay was optimized for 25 ul volumes. Reactions contained 10 × PCR 

buffer, 250 uM of each dNTP, one unit of Taq polymerase, and genomic DNA. The 

amplification program consisted of one cycle at 94°C for five minutes, followed by 35 

cycles at 94°C for 30 seconds, 55°C for 30 seconds, 72°C for one minute, and one 

cycle at 72°C for five minutes. 

In addition, to further verify the subspecies of the Cx. pipiens complex, further 

sequence analysis of the Ace-2 gene for both some pure Cx. pipiens pipiens, Cx. 

pipiens quinquefasciatus, Cx. pipiens pallens and possible hybrids among them were 

conducted by Tsingke Company (Beijing, China) using the same mosquitoes as the 

multiplex PCR assay. Approximately three each of pure and possible hybrid 

mosquitoes were further sequenced in this study.  

Statistical analysis 

Information was recorded on the date of the collections, number of bed net traps, 

number of light traps, duration of mosquito catch (h), the presence and gender of Cx. 

pipiens complex mosquitoes. An independent-sample T test was adopted to compare 

the density of mosquitoes between 2009 and 2012 after a satisfactory check for 

normality of the distribution and homogeneity of variance of the data. Numbers of 

species identified by multiplex PCR at different sites in different years were recorded 
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and calculated. Analysis was conducted by SPSS (Statistical Package for the Social 

Sciences) statistical software (version 17.0).  

Ethics statement 

We obtained ethical approval from the Ethical Review Committee of Chinese Center 

for Disease Control and Prevention for this study (No. 201214). Permission was also 

obtained from the Government, the Municipal Health Bureau and Tibet CDC in the 

Tibet Autonomous Region. 

Results 

Morphological identification 

In this study, 907 mosquitoes in total were captured including 595 female and 312 

male mosquitoes (Table 4. 2). Preliminary morphological identification demonstrated 

that all these mosquitoes belonged to subspecies of the Cx. pipiens complex (Lu 

1997). 

Table 4. 2 The presence of the Culex pipiens complex in different collections during 

the mosquito season in Lhasa city, Tibet   

Year The study 

sites 

The latitude and 

longitude 

Collection 

method 

Date of 

the 

collectio

ns 

No. of bed 

net 

traps/light 

traps/peop

le 

Duratio

n of 

mosquit

o 

catcher 

(h) 

The 

presenc

e of 

Culex 

pipiens 

comple

x 

The 

total 

numbe

r of 

Culex 

pipiens 

comple

x 

♀ ♂ 
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2009 Tibet CDC 

(Lawn) 

N29°39.682’, 

E91°07.433’ 

Bed net trap Aug.3rd-

4th 

3 2.5 + 132 0 

Longwangta

n Park 

N29°39.582’, 

E91°07.151’ 

Bed net trap Aug.3rd 3 4.5 + 4 1 

Tibet CDC 

(Outpatient 

building) 

N 29°39.566’, 

E91°07.361’ 

Labor hour 

method 

Aug.4th 1 0.33 + 34 0 

Tibet CDC 

(Residential 

area) 

N 

29°39.682’,E91°0

7.433’ 

Labor hour 

method 

Aug.4th 1 0.33 + 4 3 

2012 Tibet CDC 

(Lawn) 

N29°39.682’, 

E91°07.433’ 

Bed net trap Aug.7th - 

8th 

4 8 + 25 0 

Longwangta

n Park 

N29°39.582’, 

E91°07.151’ 

Bed net trap Aug.10th 

- 11th 

4 8 + 20 4 

Tibet CDC 

(Outpatient 

building) 

N 

29°39.566’,E91°0

7.361’ 

Labor hour 

method 

Aug. 8th 1 2.00 + 0 3 

Tibet CDC 

(Residential 

area) 

N 

29°39.682’,E91°0

7.433’ 

Labor hour 

method 

Aug.7th 1 1.67 + 17 9 

Tibet Post 

Hotel 

N29°39.164’, 

E91°07.398’ 

Light trap 

collection 

Aug.5th - 

12th 

18 216 + 83 58 

Tibet CDC 

(Lawn) 

N29°39.682’, 

E91°07.433’ 

Light trap 

collection 

Aug.7th - 

9th 

9 108 + 12 13 

Gamagongsa

ng 

Community 

N29°29.307’, 

E91°08.872’ 

Light trap 

collection 

Aug.10th 2 24 + 2 0 
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Xiashasu 

Community 

N29°39.284’, 

E91°07.867’ 

Light trap 

collection 

Aug.12th 4 48 + 124 53 

Jiacuo 

Community 

N29°39.429’, 

E91°05.375’ 

Light trap 

collection 

Aug.9th 4 48 + 135 171 

Total       + 595 312 

The presence of the mosquito populations in different collections during the mosquito 

season in Lhasa city, Tibet.  

“+” means the presence of Culex pipiens complex. Outpatient building, residential area 

and lawn lies in the courtyard of Tibet CDC. All of these Culex pipiens complex were 

collected during the season of peak activity.  

Mosquitoes collected by bed net traps in different years 

Using bed net traps, 132 mosquitoes (132 females) were collected in Tibet CDC 

(Lawn) and 5 mosquitoes (4 females, 1 male) were collected in Longwangan Park in 

2009. Three years later, 25 mosquitoes (25 females) were collected in Tibet CDC 

(Lawn) and 24 mosquitoes (20 females, 4 males) were collected in Longwangan Park, 

(Table 2). The mean mosquito density was 23.72 (mosquitoes per hour per net) in 

2009 while it was 3.06 (mosquitoes per hour per net) in 2012 (Table 4.3). There was 

no significant difference of mosquito density monitored by bed net traps in 2009 and 

2012 (t = 1.299, df = 12, P = 0.218>0.05). 

Table 4. 3 The density of the Culex pipiens complex in different years during the 

mosquito season in Lhasa city, Tibet   

Year Collection 

method 

No. of bed net 

traps/light 

traps/people 

Duration of 

mosquito 

catcher (h) 

Mean
1
 Std. 

Deviation 

Std. 

Error 

The total 

number of 

Culex pipiens 

complex 

♀ ♂ 

2009 Bed net trap 6 7 23.72 45.54 18.59 136 1 
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Labor hour 

method 

2 0.66 62.10 57.84 40.90 38 3 

2012 Bed net trap 8 16 3.06 2.19 0.78 45 4 

Labor hour 

method 

2 3.67 8.54 9.95 7.04 17 9 

Light trap 

collection
2
 

37 444 17.59 33.16 5.45 356 295 

Total - - - - - - 595 312 

1Mean means mosquito per hour per trap (Bed net trap) or mosquitoes per hour per 

person (Labor hour method) or mosquitoes per trap per night (Light trap collection).  

2 light trap collection only conducted in 2012.  

Mosquitoes collected by labor hour method in different years 

Using the labor hour method, 34 mosquitoes (34 females) were collected in Tibet 

CDC (Outpatient building) and 7 mosquitoes (4 females, 3 males) were collected in 

Tibet CDC (Residential area) in 2009. In 2012, 26 mosquitoes (17 females, 9 males) 

were collected in Tibet CDC (Residential area) (Table 4.2). The mean mosquito 

density was 62.10 (mosquitoes per hour per person) and 8.54 (mosquitoes per hour 

per person) in 2009 and 2012, respectively (Table 4.3). There was no significant 

difference of mosquito density monitored by labor hour method in 2009 and 2012 (t = 

1.291, df = 2, P = 0.326>0.05). 

Mosquitoes collected by light traps in 2012 

In 2012, light traps collected 83 female and 58 male mosquitoes in Tibet Post Hotel 

and 12 females and 13 males in Tibet CDC (Lawn). 2 females were collected in 

Gamagongsang. 124 females and 53 males were collected in Xiashasu. 135 females 

and 171 males were collected in Jiacuo (Table 4.2). The mean mosquito density was 

17.59 (mosquitoes per trap per night) in 2012 (Table 4.3). 
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Multiplex PCR assay for molecular identification 

In this study, 105 mosquitoes from Lhasa city and another 17 mosquitoes used as 

positive controls from other provinces (positive control: Cx. pipiens pipiens from 

Urumchi, Xinjiang, 610 bp;Cx. pipiens quinquefasciatus from Dali, Yunnan, 274 bp; 

Cx. pipiens pallens from Beijing, 478 bp) were examined using the multiplex PCR 

assay developed by Smith, J. L. & Fonseca, D. M [12]. The results revealed that the 

size of the amplified product was 274 bp for Cx. pipiens quinquefasciatus, 478 bp for 

Cx. pipiens pallens and 610 bp for Cx. pipiens pipiens. Primers were successfully 

designed for the identification of these mosquitoes (Figure 4.2). 

 

Figure 4. 2 Ethidium bromide-stained agarose gel showing multiplex PCR assay for 

molecular identification     

M: Maker; Positive control products from Cx. pipiens complex are shown in lanes1-7. 

Lane 1 (Cx. pipiens pipiens from Urumchi, Xinjiang, 610 bp); Lane 2 (Cx. pipiens 

quinquefasciatus from Dali, Yunnan, 274 bp); Lane 3 (Cx. pipiens pallens from 

Beijing, 478 bp); Lane 4 (Cx. pipiens pipiens & Cx. pipiens pallens, 1 ul ofeach DNA, 

610 bp &478 bp); Lane 5 (Cx. pipiens pipiens & Cx. pipiens quinquefasciatus,1 ul of 

each DNA, 610 bp&274 bp); Lane 6 (Cx. pipiens quinquefasciatus&Cx. pipiens 

pallens, 1 ul of each DNA,274 bp&610 bp); Lane 7 (Cx. pipiens pipiens&Cx. pipiens 

pallens& Cx. pipiens quinquefasciatus, 0.67 ul of each DNA, 610 bp&274 bp&478 

bp), respectively. Mosquitoes from Lhasa city and other provinces are shown in lanes 
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8–22, respectively. Lane 23, negative control. Outside lanes are 100 bp DNA ladders. 

bp = basepaires.  

 

Multiplex PCR revealed that mosquitoes from Lhasa city include 36 pure mosquitoes  

(34.29%) and 69 hybrids (65.71%) (Table4. 4). The pure mosquitoes included 13 Cx. 

pipiens pipiens, 3 Cx. pipiens quinquefasciatus and 20 Cx. pipiens pallens. Possible 

hybrids consisted of 41 Cx. pipiens pipiens and Cx. pipiens pallens, 14 Cx. pipiens 

pallens and Cx. pipiens quinquefasciatus, only 1 Cx. pipiens pipiens and Cx. pipiens 

quinquefasciatus, and 13 among Cx. pipiens pallens & Cx. pipiens quinquefasciatus 

and Cx. pipiens pipiens. 

Table 4. 4 Multiplex PCR assay for molecular identification  

The study sites Collection 

method 

Year 

(number) 

N A B C A& 

C 

A& 

B 

B& 

C 

A& 

B& C 

Tibet Post 

Hotel(Courtyard) 

Light trap 

collection 

2012(141); 20 6 0 0 8 0 2 4 

Tibet CDC(Lawn) Light trap 

collection 

2012(25); 3 0 0 3 0 0 0 0 

Xiashasu Community Light trap 

collection 

2012(177); 44 5 0 8 22 1 4 4 

Jiacuo Community Light trap 

collection 

2012(306); 38 2 3 9 11 0 8 5 

Total - 2012(649) 10

5 

1

3 

3 2

0 

41 1 14 13 

N means numbers of mosquitoes. 

A, B and C refers to mosquitoes of Culex pipiens complex. A refers to Cx. pipiens 

pipiens. B refers to Cx. pipiens quinquefasciatus. C refers to Cx. pipiens pallens. 

Sequence analysis further confirmed the accuracy of multiplex PCR in this study. 

Based on the similarity analysis using blast, the similarity of the Cx. pipiens 
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quinquefasciatus from Lhasa to the sequence of Cx. pipiens quinquefasciatus from 

central Bangladesh was 100% (273/273). The similarity of the Cx. pipiens pallens 

from Lhasa to the sequence of Cx. pipiens pallens from Iran was 99% (436/438). The 

similarity of the Cx. pipiens pipiens from Lhasa to the sequence of Cx. pipiens pipiens 

from Iran was 95% (530/560).  

Discussion 

This is the first investigation to verify media reports of mosquitoes in Lhasa. We 

observed subspecies of Cx. pipiens complex and its hybrids on two occasions, three 

years apart. Our findings were based on entomological investigations in the field and 

multiplex PCR methods in the laboratory. In this study, there was no significant 

difference of mosquito density monitored by bed net trap and labor hour method in 

2009 and 2012. In urban Lhasa, we observed that the ecological and geographical 

factors did not change significantly three years later. However, it seemed that the 

mean mosquito density, both using bed net traps and labor hour method, were 

relatively higher in 2009 than in 2012 though no statistical significance was observed. 

We note that the summer of 2012 did not match the high temperatures of three years 

earlier: the maximum temperature in 2012 was 29.0°C compared with 30.4°C in 2009 

(www.tianqi.com). In addition, the public health campaign may also play a major role 

in the relatively lower density in 2012. In recent years, Lhasa accelerated the process 

of establishing of the National Sanitary City in China. As a key indicator, mosquito 

density was controlled by local health authorities and related agencies using some 

insecticides and similar products. This campaign might have exerted some adverse 

impact on the density of mosquitoes in 2012. Furthermore, with the huge development 

of the economy and culture in Lhasa, local citizens focus more on their health status 

than ever before. A variety of insecticides have been adopted to protect themselves 

from mosquitoes bites. 
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Previous studies showed that the most northerly area of Cx. pipiens pipiens is about 

45°N in the New World and the southerly area is about 39°S, and the usual altitude of 

this subspecies is lower than 3,000 m (Barr 1957; Barr 1967). In China, Cx. pipiens 

pipiens has been recorded only in Xinjiang Uygur Autonomous Region (northwestern 

China). However, previous data on the distribution of Cx. pipiens pipiens is limited: 

reliable identification depends on collection of males, which was not always the case. 

Furthermore, species and subspecies classification has been difficult because there 

were no populations of Cx. pipiens pipiens in Chinese laboratories. In the current 

study, pure Cx. pipiens pipiens (subspecies of Cx. pipiens complex) was definitively 

identified in urban Lhasa (an area of elevation higher than 3,600 m). This finding 

significantly extends present knowledge of the distribution of Cx. pipiens pipiens in 

China, and has important implications for the control of mosquitoes and 

mosquito-borne diseases in Lhasa city. 

In Eastern Asia Cx. pipiens pallens transmits lymphatic filariasis and canine dogworm 

and may act as a vector for West Nile virus (Oda, Eshita et al. 2002; Tsuda, Komagata 

et al. 2008; Shirafuji, Kanehira et al. 2011; Chen, Zhu et al. 2013). Cx. p. pallens 

differs from hybrids of Cx. p. pipiens and Cx. quinquefasciatus (Fonseca, Smith et al. 

2009). In China, Cx. pipiens pallens has been found north of the Yangtse River (Lu 

1997), but not previously at an altitude of greater than 2,900 m (Yixing Li, Minghua 

Li et al. 2011).  

 

This study has uncovered possibly extensive hybridization among subspecies of Cx. 

pipiens complex in Lhasa city. Natural hybridization is defined as ‘‘successful 

matings in nature between individuals from two populations, or groups of populations, 

that are distinguishable on the basis of one or more heritable characters” (Arnold 

2004). Combinations of this kind enhance rapid evolution and may lead to speciation 

(Jiggins, Salazar et al. 2008). According to the existing literature, recurring 

hybridization occurs in the Cx. pipiens complex mostly between the two most 

widespread species, Culex (Culex) pipiens and Cx. (Cx.) quinquefasciatus (Fonseca, 
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Smith et al. 2009). Hybrids have been reported in North America (Barr 1957; 

Urbanelli, Silvestrini et al. 1997), Argentina (Humeres, Almiron et al. 1998), as well 

as in Madagascar (Urbanelli, Silvestrini et al. 1995). A multilocus genotype analysis 

revealed current hybridization between Cx. p. pallens and Cx. quinquefasciatus in 

southern Japan, Republic of Korea, and China (Smith and Fonseca 2004; Cui, Qiao et 

al. 2007).  

 

In the present study, primers specifically designed for East Asia by Smith & Fonseca 

were adopted. These primers were successfully designed for the identification of 

mosquitoes in Lhasa city. In this study, positive controls were also included, in other 

words, Cx. pipiens pipiens from Urumchi, Xinjiang, Cx. pipiens quinquefasciatus 

from Dali, Yunnan, and Cx. pipiens pallens from Beijing. The study of the indigenous 

populations of mosquitoes using molecular markers allowed us to confirm the 

occurrence of Cx. pipiens complex in Lhasa city (southwest of China). Of some 

interest is the discovery of hybrid populations including Cx. pipiens pipiens, Cx. 

pipiens quinquefasciatus, Cx. pipiens pallens and their hybrids (65.71%) in Lhasa 

city.  

 

Climate change may have played a part in the arrival of mosquitoes in Lhasa. Average 

temperatures increased over the Tibetan plateau from 1955 to 1996 by about 

0.16°C/decade (Liu Xiaodong and Chen  Baode 2000), much more than in China 

generally. From 1961 to 2000, the greatest increase in daily mean temperatures in 

summer (June to August) in Tibet occurred in Lhasa city (Huang Xiaoqing 2000; Jun 

2001). In 2009, Tibet experienced unusually warm conditions and the maximum 

temperature in Lhasa reached 30.4°C, higher than the previously reported record 

(29.9°C in 1971). In other words, the first public reports of mosquitoes coincided with 

the warmest summer in Lhasa since records were first kept. It is possible that 

mosquitoes were introduced earlier, but numbers multiplied during the particularly hot 

summer of 2009. In the future, further warming is expected, and further economic 

development in Tibet will lead to even greater movement of freight and people. These 
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conditions raise the risk of outbreak of mosquito-borne diseases in a population with 

no prior exposure to such infections (Loevinsohn 1994; Reiter 1996; Patz, 

Campbell-Lendrum et al. 2005). Therefore, it is urgent to strengthen the detection and 

monitoring of mosquito-borne diseases in the region.  

 

Other factors, such as demographic and environmental factors, may also play a more 

important role in establishing the mosquito population in Lhasa. In the last 30 years, 

China has undergone enormous economic growth, largely due to greatly increased 

international trade. This burgeoning trade has triggered environmental threats from an 

expanding list of biological invaders and has already caused damage to China’s 

environment and economy. Huge construction projects, such as the Qinghai-Tibet 

Railway (West 2006), could further spread invasive mosquitoes to Lhasa city (Juliano 

and Lounibos 2005; West 2008; Li, Wang et al. 2010). As to urbanization, Tibet 

entered a stage of accelerated urbanization after 1995. The large floating population 

from outside Tibet has become the driving force for urban expansion and the rising 

urbanization rate. Tibet's urbanization rate will be up to 43% by 2020 based on a 

website (www.chinatibet.people.com.cn). At present, Lhasa is claimed to be a modern 

city on the "roof of the world" with a forest of new buildings and luxury hotels, 

restaurants and stores. Previous research revealed that urbanizatio n serves in the 

formation of appropriate habitat of culicines. In Macau, recent urbanization has 

provided optimal habitat for the population increase in culicines (Easton 1994). In 

Tanzania, urbanization resulted in some changes in mosquito populations (Bang, 

Mrope et al. 1977). Now, Lhasa, which has a large number of tourism resources, such 

as the Potala Palace, Jokhang Temple, Sara Monastery, and Barkhor Street, is a 

popular destination for both domestic and international travelers. By April, 2008, 

there were over 1,600 licensed tour guides in Lhasa according to The Chinese 

National Tourism Administration. Tourist aircraft or trains may carry mosquitoes to 

urban Lhasa and subsequently threaten the health and lives of local citizens. It was 

reported that labor flow and travelers are significant factors contributing to the spread 

of dengue virus infection and chikungunya fever (Yoshikawa and Kusriastuti 2013).  
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In summary, our investigation provides insight into the new distribution of subspecies 

of Cx. pipiens complex and its hybrids in Lhasa, Tibet. The findings mentioned above 

have a significant implication in public health areas, both at policy making and 

practical levels. The multiplex PCR assay adopted in this study will be helpful to 

researchers and will aid vector control programs by facilitating the rapid and reliable 

identification of local Cx. pipiens complex and its hybrids. The future focus of the 

control and prevention of mosquito-borne diseases in Lhasa is West Nile virus, St. 

Louis encephalitis viruses, avian malaria, and filarial worms. Strengthened 

community health education and engagement should be conducted to better guarantee 

the health and life safety of local citizens. The results could provide a reference for 

development of varieties of strategies and measures to control mosquitoes and 

mosquito-borne diseases at high elevation regions in the world in future.  

 

This study has limitations since it was planned and implemented, initially, in response 

to public concerns, and includes information from only two time points. However, the 

results indicate that mosquitoes are established in a high altitude urban setting in Tibet. 

Further studies are needed to confirm the continuing presence of mosquitoes, to 

clarify the patterns of hybridization, and to shed further light on likely origins and 

factors influencing their distribution and establishment in Lhasa city (Trawinski and 

Mackay 2010).  

 

Conclusion 

In summary, the results revealed subspecies of Cx. pipiens complex and its hybrids on 

two occasions, three years apart in urban Lhasa. There was no significant difference 

in mosquito density monitored by bed net trap and labor hour method in 2009 and 

2012. Mosquitoes in the Cx. pipiens complex appear to be established in Lhasa City, 
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TAR. Strengthened community health education and engagement should be 

conducted to better guarantee the health and life safety of local citizens.  
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Introduction 

Dengue fever (DF) is a vector-borne disease transmitted by mosquitoes, mainly Aedes 

aegypti (Diptera: Culicidae) (Gubler 1998). It is regarded as one of world’s most 

widespread vector-borne diseases, and about 2,500 million people live in areas at risk 

of Dengue transmission worldwide (Gubler 2002). Today Dengue fever distributes in 

most tropical countries of the South Pacific, Asia, the Caribbean, the Americas, and 

Africa (Debarati and Barbara 2005); the geographic range of DF continues to expand, 

as demonstrated in a recent large DF outbreak in Australia’s Northern Queensland  

(Hills, Piispanen et al. 2002). 

 

Among vector-borne diseases, Dengue fever is second only to malaria in the number 

of people affected worldwide (Lin, Lu et al. 2009; Lin, Yang et al. 2012). To analyze 

the dynamic patterns of DF transmission in China, we located our study site at 

Guangdong Province, where DF occurred frequently in recent years (He, Wu et al. 

2006). Guangdong Province (109°45′ E-117°20′E, 20°19′N -25°31′N) located in the 

southern coast of China, which had the highest Dengue incidence in China in the last 

few years (Li, Tao et al. 2011). An outbreak with 1,423 Dengue cases (incidence rate 

of 20.14 per 100,000 inhabitants) was registered in the year of 2002 in Guangzhou 

City, the capital city of Guangdong Province (Luo 2008). Incidence of Dengue fever 

also showed high variability at the county level in Guangdong Province (Li, Tao et al. 

2011). A better understanding of its epidemiology, especially the spatial distribution 

pattern would help to identify areas and population at high risk and allow intervention 

measures to be targeted for the maximum effect. 
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Spatial analysis with geographical mapping and spatial cluster analysis are commonly 

used to characterize spatial patterns of diseases (Linard, Tersago et al. 2007; Lin, 

Ning et al. 2012). In this study, we conducted GIS-based spatial analyses involving 

spatial clustering analysis to characterize geographic distribution pattern of Dengue 

fever in Guangdong Province during the years 2001-2006, based on the disease 

notifications recorded by local health authorities.  

 

Materials and methods 

Guangdong Province has an area of 180,000 km2 and about 90 million permanent 

residents (the fifth population census data in 2000). The climate is subtropical humid, 

with average daily temperature 18℃ (64F) and 33℃ (91F) in January and July, 

respectively, and an average annual rainfall ranges 1500-2000 mm. Guangdong 

Province has short, mild, dry winters and long, hot, wet summers.  

 

As Dengue fever is a legally National Notifiable Infectious Disease in China,(Wang, 

Wang et al. 2008) the incidence data were therefore collected systematically and 

continuously. There are 88 county- level cities in Guangdong Province. The 

information regarding the number of DF cases per month and per year in every county 

from 2001 to 2006 was retrieved from the Notifiable Infectious Disease Report 

System in Chinese Centre for Disease Control and Prevention (Chinese CDC). 

Dengue fever cases were diagnosed based on the results of standardized laboratory 

tests and clinical/epidemiological investigations; usually blood samples of suspect DF 

cases, or patients with overt DF symptoms were drawn and examined by standardized 

laboratory tests (Wong, Yang et al. 2009). 

 

The annualized incidence rate for each county was calculated, and grouped into four 

endemic levels: non-endemic with none cases, low endemic with annual incidence 
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between 0 and 5 per 100,000, medium endemic with incidence between 5 and 10 per 

100,000, and high endemic with incidence over 10 per 100,000. 

 

To assess the risk of Dengue fever in each county, an excess hazard map was 

produced. The excess hazard was defined as the ratio of the observed incidence at 

each county over the average incidence of the province; the later was calculated by 

the number of cases over the total number of people at risk instead of the annualized 

incidence of a county (Anselin, Syabri et al. 2004; Lu, Lin et al. 2010). 

 

To reduce variations of incidence in areas with small population, annual average 

incidence of Dengue fever per 100,000 for each county over the 6-year period were 

calculated and spatial smoothing was used. The smoothed incidence was calculated 

based on the total number of DF cases in a geographical ”window” divided by the 

total people at risk within the ”window” , which was specified using a spatial weights 

file including both the circular county and its 6-nearest neighbor counties (Anselin, 

Syabri et al. 2004). 

 

A spatial scan statistic was performed to explore whether Dengue fever incidence 

rates were distributed randomly among the 88 counties in Guangdong Province, if not, 

to examine any spatial clusters for statistical significance. The spatial scan statistic 

places a series of circular windows on the map surface and allows its center to move 

in order that at any given position and size, the window will include different number 

of adjacent neighboring counties (Green, Hoppa et al. 2003). If the window contains 

the center of a neighborhood, then the whole neighborhood is included in the window. 

As the window is placed at each neighborhood center, its radius is varied continuously 

from zero up to a maximum radius which never includes more than 50% of the total 

population. The method produces a large number of distinct circular windows, each 

containing a distinct set of adjacent neighborhoods, and each is one potential 

candidate for containing a DF epidemic cluster. For each window, the approach uses a 

Monte Carlo simulation to test the null hypothesis that there is not an elevated risk of 
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Dengue fever. Details of how the likelihood function is maximized over all windows 

under the Poisson assumption have been described elsewhere (Kulldorff, Feuer et al. 

1997). In this study, spatial scan analysis for higher DF incidence was used, in which 

the window with the maximum likelihood was the most likely cluster, that was, the 

cluster had the least possibility to have occurred by chance.  

 

In this study, spatial scan analysis for higher incidence was used, in which the 

maximum window radius was set to be smaller than 50% and 30% of the total 

population, respectively, to find possible sub-clusters. The open domain software 

SaTScan distributed by the National Cancer Institute was utilized for this purpose.  

 

Results 

In Guangdong Province, a total of 2,797 DF cases were reported from 2001 to 2006. 

Figure 5.1 depicted the temporal trend of reported Dengue fever incidence rates in 

Guangdong Province in the period between 2001 and 2006. There were two large 

epidemic peaks during this period: July-November in the year of 2002, and 

July-October in 2006; the highest monthly incidence was observed in September of 

2002 with an incidence of 7.86 per 100,000. Besides the major peaks, several minor 

peaks were also observed during this period. It seemed that Dengue fever epidemics 

tended to have an outbreak every three to four years in Guangdong Province, which 

was consistent with the observations in other places (Luz, Mendes et al. 2008). 
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Figure 5. 1 The monthly dengue fever incidence rate (1/100 000) in Guangdong 

Province, China, 2001-2006  

 

Annual incidence rates for each county in 2001-2006 were calculated and grouped 

into four levels. The geographical distribution was vividly illustrated in Figure 5.2. 

Among the 88 counties in Guangdong Province, 68 counties were non-endemic 

(covering 47.96% of total population), 14 were low-endemic (covering 36.57% of 

total population), 3 were medium endemic (covering 4.41% of population), and 3 

were high-endemic (covering 11.06% of total population). 
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Figure 5. 2 Annualized average dengue fever crude incidence in Guangdong Province, 

China, 2001-2006  

 

The excess hazard map illustrated in Figure 5.3 showed distribution of the excess risk 

of Dengue fever in Guangdong Province, which was a ratio of the observed number of 

DF cases for each country over the expected DF case number. Counties in blue color 

had lower DF risk than expected, as indicated by excess risk values smaller than 1; on 

the other hand, counties in red and light red had higher risk than expected or excess 

risk values greater than 1 (Figure 5.3). The excess risk is a non-spatial measure in that 

it ignores any effect of spatial autocorrelation.  

 

Figure 5. 3 Excess hazard map of dengue fever in Guangdong Province, China, 

2001-2006  
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A spatially smoothed percentile map of annualized average DF incidence rates was 

created; smoothed rate presents a better pattern and showed clearly where the problem 

was most severe (Figure 5.4). Six neighbors identified for each county by k-nearest 

neighbours criterion provided the most appropriate map of smoothed incidences.  

 

Figure 5. 4 Spatially smoothed percentile map of dengue fever in Guangdong 

Province, China, 2001-2006   

 

Table 5. 1 SaTScan analysis results for Dengue fever in Guangdong Province, China, 

2001-2006.  

SaTScan statistics 
Most likely 

cluster 

Secondary clusters 

1 2 3 

1st iteration1      

 Observeda 1026 191   

 Expectedb 14.55 5.31   

 LLRc 3580 505   

 RRd 114.27 38.68   

 p-value 0.001 0.001   

2nd iteration2       

 Observeda 1026 339 191 64 

 Expectedb 14.55 15.43 5.31 8.35 

 LLRc 3580 745 505 75 

http://www.ij-healthgeographics.com/content/8/1/65/figure/F2
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 RRd 114.27 25.04 38.68 7.83 

 p-value 0.001 0.001 0.001 0.001 

1
 Maximum cluster size set at 50% of the study population. 

2
 Maximum cluster size set at 30% of the study population. 

a
 Observed: The number of observed cases in a cluster. 

b
 Expected: The number of expected cases in a cluster. 

c 
LLR: Log likelihood ratio.  

d
 RR: Relative risk 

 

Spatial cluster analysis of DF in Guangdong Province during 2001-2006 showed that 

DF was not distributed homogeneously among the 88 counties. Using the maximum 

cluster size of 50% total population, the cluster analysis identified a high-risk area, 

including Guangzhou, Conghua and Zengcheng, located around the capital city, 

Guangzhou (Figure 5.5 and Table 1). The identified high-risk areas contained 9.70% 

of the total population of Guangdong Province. The overall RR within the cluster was 

114.27, with an observed number of cases of 1,026 compared with 14.55 expected 

cases. This elevated risk within a non-random pattern of disease distribution was 

significant (P < 0.001). A secondary likely high-risk area was found in Chaoshan 

Region including 3 counties, namely Chaozhou and Shantou City.  

 

Figure 5. 5 Spatial scan analysis of dengue fever incidence with significant higher 
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incidences using the maximum cluster size ≤50% of the total population in 

Guangdong Province (2001-2006)  

 

To investigate the possibility of smaller clusters, the same analysis was performed 

with the maximum size <30% total population. One most likely high-risk area and 

three secondary likely high-risk areas were identified (Figure 6 and Table 1). The 

most likely high-risk area was the same as the analysis with 50% criterion. Three 

secondary likely high-risk areas included 28 counties which contained 40.36% of the 

total population. 

 

Discussion 

Several statistical methods have been proposed to examine whether the spatial 

distribution patterns of disease rates occur by chance, or whether the distribution 

variation is due to other related risk factors (Kulldorff 1997; Webster, Vieira et al. 

2003; Lin, Liu et al. 2007). In the current study, Dengue fever incidences were 

mapped using different approaches such as crude incidence, excess risk and spatially 

smoothed incidence. In addition, using the spatial scan statistics, we further evaluated 

the spatial distribution patterns of DF incidence and determined some geographic 

areas with significantly high DF rate in Guangdong Province. Kulldorff's spatial scan 

method has a few advantages over other local cluster detection approaches, namely, a 

formal likelihood test statistic, avoidance of multiple testing, and not restricting 

scanning for clusters of a pre-specified area, thereby avoiding pre-selection bias 

(DeChello and Sheehan 2007). The spatial scan statistics yielded a nonrandom 

distribution pattern of DF among the 88-county area in Guangdong Province. Central 

counties around the capital city were detected to have higher risk of Dengue fever 

epidemics.  

 

This study examined the spatial distribution pattern of DF in Guangdong Province 
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during 2001-2006 using GIS and spatial statistics method. SaTScan identified 

counties around Guangzhou City and Chaoshan Region as the high-risk areas of DF 

transmission, which has not been previously reported.  Although much is still 

unknown about DF epidemic initiation and development, there is sufficient data to 

argue that DF is most likely influenced by a complex combination of factors rather 

than a single foci pathogenic factor, including environmental, demographic, 

entomologic and epidemiologic factors and also others (Thammapalo, 

Chongsuwiwatwong et al. 2005; Vanwambeke, van Benthem et al. 2006). Yi and 

colleagues (Yi, Zhang et al. 2003 ) analyzed the distribution pattern of Aedes 

mosquito density in Guangdong Province, and found that areas around Guangzhou 

City and Chaoshao Region had higher Aedes mosquito density than other areas, which 

supported our findings of high risk of Dengue fever epidemics. In a previous study, 

we analyzed the association between DF incidence and weather factors in Guangzhou 

City using a time series Poisson regression model; monthly minimum temperature, 

wind velocity and minimum humidity were found to be significantly related with DF 

incidence (Lu, Lin et al. 2009), which was also supported by another recent study in 

Guangzhou City, where meteorological factors favoring mosquito breeding and 

survival were associated with Dengue transmission.(Li, Tao et al. 2011) In that study, 

socioeconomic factors, including urbanization, population density, residential area per 

capita and land cover type, were found to be determinants of spatial dynamics of 

dengue fever in Guangzhou City (Li, Tao et al. 2011). In the current study, weather 

factors, mosquito density and socioeconomic factors were likely to have some 

relationship with the DF distribution pattern, however future study need to be 

conducted to quantify this relationship. 

 

The communications with nearby DF-endemic areas might have also contributed to 

the Dengue fever spatial distribution in Guangdong Province; the high risk area was 

found to be around Guangzhou city, which was the most developed area in 

Guangdong Province, with adequate communications and travelers with other 

countries and areas, providing more opportunities for the transmission of DF and 
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infected mosquitoes from the nearby areas (Moore and Mitchell 1997; Jelinek 2000). 

The other high risk area was located in Chaoshan Region, which is the richest areas in 

Guangdong Province, with the most active economic communications with nearby 

countries. For example, the epidemic in 2001 was caused by imported cases from 

Macao and Thailand (Liang, He et al. 2007). 

 

The principal merit of this study is its extensive time and spatial covering data in the 

most seriously DF affected area in China; and there are a few limitations as well. One 

issue is the completeness of the Dengue data, underreporting and misreporting were 

possible, however as Dengue fever is a national notifiable infectious disease in China, 

the Dengue data in this area are relatively completely reported; and because Dengue 

fever in this area is a relatively common disease, local health practitioners at different 

levels should have adequate experience on its diagnosis, so misreporting should not 

be serious. 

 

To summarize, Dengue fever was not randomly distributed among the counties in 

Guangdong Province; counties around Guangzhou City and Chaoshan Region were 

found to be high risk areas. On the basis of this study, specific control and prevention 

strategy should be focused on these areas, and people at these areas should be 

informed of the high risk and proper prevention measures. Spatial analysis tools could 

become a useful component in epidemiology research and risk assessment of Dengue   

fever. 
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