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A B S T R A C T

The Culex tritaeniorhynchus Giles, 1901 (Diptera: Culicidae) is major vector of Japanese en
cephalitis (JE) in China, and this study aimed to uncover the vector’s spatiotemporal distribution 
and environmental correlation in Beijing. In study area, the Remote Sensing (RS), Global Position 
System (GPS), and Geographic Information System (GPS) were used to clarify the distribution 
characteristics of vector on spatial and temporal scales, and regressions analysis of cross-sectional 
study was performed to detect the environmental factors linked with the density and presence of 
Cx. tritaeniorhynchus. In study area, the scenic area was the major environmental area for 
breeding of the vector, August was the primary peak month, the new urban development area 
(NUDA) was major distribution subarea of Beijing, and the vector could be detected throughout 
the subarea of Beijing from June to September. In the scenic area, the total value of light index 
within buffer zones of 100 m (LT_100) and the total value of NDVI index within buffer zones of 
800 m (NDVI_800) determined whether there was a positive or negative vector in the trapping 
sites, and the total value of NDVI index within buffer zones of 100 m (NDVI_100) and LT_100 was 
linked to the density of the vector. Our findings provide better insight into the spatio-temporal 
distribution pattern, associated environmental risk factors, and health risk of vector in Beijing. 
Based on the results here, we could predict the risk of JE and create and implement location- 
specific JE prevention and control measures to prevent future risks during the urbanization 
advancement of Beijing.

1. Introduction

As one of the essential endemic encephalitis, Japanese encephalitis (JE) affects over 50,000 patients and results in 15,000 deaths 
annually in Eastern and Southeastern Asia [1,2]. Despite increasing vaccination to fight JE, JE cases in China still account for 50 % of 
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the reported JE cases worldwide [3]. The Culex tritaeniorhynchus (Giles, 1901) transmit the virus by biting, and JE occurs most 
commonly in agricultural areas being provided with pig and rice paddies [4]. Moreover, JE may also circulate in a broader range of 
environments, given the diversity of its potential hosts [5].

The arthropod-borne viruses, including JE, have spread more widely and infected larger populations in recent decades, [6]. The 
expansion of arthropod-borne diseases is closely associated with urbanization, climate change, and human activities that create a more 
permissive environment for transmission [7,8]. In Janpanes downtown area, 5 % of the urban population acquired natural JE virus 
infection in 1981 and 1995 [9]. Similarly, JE cases were reported and its transmission potential cannot be igored in Vietnam [10,11], 
Cambodia [5] and China [12]. These previous studies not only confirm JE transmission across predominantly urban areas, and also 
support a greater emphasis on JE cases’ finding, diagnosis, and prevention in the downtown area [13].

Generally, the urban environment is supposed to be more fittful for dengue, West Nile virus, Chikungunya viruses, and malaria due 
to involvement of native vector species during the transmission of these diseases in urban areas [14]. Moreover, the vector in an urban 
area also presents the ecological characteristics of the city (pig [15], dog [16], livestock [17], human habitations [18], and water bird 
[19]) that can impact the population of the vector. Thus, the mosquito vector was highlighted as public health challenges for city 
residents during urbanization. However, JE is considered a rural disease because of its relationship with paddy fields (vector larva 
breeding sites) and pigs (animal hosts of the JE virus) in countryside. Therefore, the vector of JE must be linked to very environmental 
factors different from that in the context of countryside.

From view point of environmental epidemiology, the distribution of JE cases and vector was significantly affected by temperature, 
relative humidity, wind velocity, El Nino-Southern Oscillation, and coniferous forest coverage [20]. Also, the epidemiology of urban JE 
is associated with social factors, such as the gross domestic product per capita, urbanization level, and land development [21,22]. 
Consequently, the soci-environmental factors are closely associated with distribution of the risk of JE transmission and vector 
simultaneously in urban area [23]. Consequently, the space-time distribution of JE cases and its vector would also display a particular 
pattern in urban area, which is different from that in countryside [22]. Thus, understanding the disease’s spatial and temporal dis
tribution is essential for planning and implementing of location-specific JE prevention and vector’s control measures in urban areas 
[24].

As one kind of mosquito-borne disease, the vector was a key factor impacting JE’s circulation. The number of JE patients was 
associated with the occurrence and density of vector [25], and the density of the vector was a good indicator of the risk of human 
infection [26]. For the JE, supplying JE surveillance datasets, mapping the JE risk factors contextualizes, and forecasting risk factor 
changes for JE may be essential for developing effective transnational health policies [27]. For the vector, the distribution map of 
vector could be forecast with its correlating environmental factors [28]. Therefore, measuring the vector distribution pattern and 
incorporating correlation environmental factors is crucial for measuring and predicting the risk of JE in urban areas.

. Beijing is China’s capital city, and the JE case and its vector were reported in the downtown area [12,29]. While the spatio
temporal distribution characteristics of the vector on the city scale were unclear, and the association between the vector and the 
environmental factor is still absent. Based on previous research, it is safe to infer that the vector could breed in the central area of 
Beijing and JE transmission may also occur in urban areas, although JE cases in the central area of Beijing are rare. Nevertheless, the 
risk of JE is also unclear during the fast urbanization of Beijing. Thus, this study will reveal the spatial and temporal distribution 
characteristics of the vector and the association of the vector density with environmental factors, which could assist on JE risk pre
vention and vector control in Beijing.

In this study, we surveyed the density of the vector with light trapping, quantified the environmental factors with 3S technology 
together with satellite and remote sensing datasets, and applied logistical and linear regression to correlation analysis between the 
environmental factors and the vector density as well as the presence of vectors. Our findings provide better insight into the spatial 
distribution, associated environmental factors and health risk of vector. At the same time, there is no existing research to map an early 
warning of the risk of JE in Beijing city, and assessing the risk of JE based on environmental features is still difficult in rare JE cases in 
urban areas. Thus, the distribution and density of the vector based on satellite and remote sensing datasets would also assist in JE risk 
evaluation.

2. Materials and methods

2.1. Study design and vector trapping

As the Chinese capital city, Beijing is divided into four subareas with different functions, according to Beijing’s main functional area 
planning in 2012. First, the Capital Functional Core Area (CFCA), located in the center area of Beijing, is the core capital function bar 
area that acts as the national center of politics, culture, and the international community, together with its long history. Second, the 
Urban Functional Development Area (UFDA), being contiguous to the CFCA, is the crucial area that implements and expands the 
capital function of Beijing. Third, the New Urban Development Area (NUDA), next to the UFDA and significantly located in south
eastern Beijing, is not only the primary carrier of manufacturing and modern agriculture but also the critical area for the decentral
ization of industry and population from the CFCA. Fourth, the Ecological Conservation and Development Area (ECDE), next to the 
UFDA but significantly located in the northwest of Beijing, is the environmental shelter and public leisure area for the capital and plays 
a crucial role in the sustainable development of Beijing. According to the spatial distribution characteristics of JE cases and their 
vectors in four subareas of Beijing, this study selected the CFCA (including Dongcheng and Xicheng districts), UFDA (Chaoyang 
district), and NUDA (Tongzhou district) as the study areas (Fig. 1).

In study sites, the vector is usually found in human resident (HR) areas and scenic area (SC) according to regular mosquito 
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surveillance (Fig. 1). From CFCA to NUDA, the sample areas of HR and SC were selected randomly, and light trapping sites were 
located randomly in each sample area. Finally, this study used ninety-one light traps, with fifty-two lights in the HR area and thirty- 
nine in the SC area. On the level of functioning district, thirty-nine lights belong to the CFCA area, thirty-two lights belong to UFDA, 
and twenty lights belong to NUDA.

In Beijing, the Cx. tritaeniorhynchus could be seen in June, July, August, and September. Therefore, vector was trapped continuously 
over a 7-d period in the middle of each month from 2013 to 2014. We trapped vector with light traps with carbon dioxide (MD-1 CO2 
mosquito light trap 6 V/4.5AH, Beijing Logon Sci. & Tech. Co., Ltd, Beijing, China). At each light site, one light trap was hung 1.5 m 
above the floor, and the light was turned on at 7:00 p.m. and off at 7:00 a.m. daily. In the case of bad weather days, trapping was 
extended to one more day. Every day, the mosquito samples were collected and transported to the laboratory for later identification, 
and the trapped female mosquitoes were identified by morphology [30] and counted.

The vector density (N) was calculated from the light trap density as follows: 

N=
MN
LN 

where MN is the number of trapped vectors, LN is the number of light traps, and the unit of vector density is the number of vectors per 
trap (NMPT).

2.2. Light-index dataset

The light-index dataset was downloaded from the NOAA website (http://ngdc.noaa.gov/eog/viirs/download_viirs_ntl.html), and 
light-index datasets of Beijing city were produced by intersecting the Beijing administration vector file with the downloading light- 
index map from NOAA.

2.3. GPS, RS, and GIS analysis of the study site image dataset

An administrative map of Beijing was obtained from the National Geomatics Center of China (https://www.webmap.cn/main.do? 
method=index). The administrative map contained geographic factors such as districts’ administrative areas, roads, rivers, and county 
and provincial boundaries. Using GPS datasets of the Beijing administrative map, we ordered the TM (Landsat ETM) coverage of 
Beijing from EarthView Image Inc. (Beijing, China). Based on the TM datasets, the NDVI (Normalized Difference Vegetation Index), FC 
(vegetation Fractional Cover) and MNDWI (Modified Normalized Difference Water Index) were also generated by way of band math 
with the Orfeo Toolbox in QGIS 3.22.5. These remote sensing environmental indices were selected because they index the water body 
and vegetation situation and link to JE’s breed of the vector.

2.4. Extraction of spatial factors

Using vector buffer tools in QGIS, circular buffer zones of different sizes were drawn around each light trap site based on the TM 

Fig. 1. Map of the study area and trapping sites. (A) Study area in Beijing including the sub-area of Capital Functional Core Area (CFCA), Urban 
Functional Development Area (UFDA), New Urban Development Area (NUDA), and Ecological Conservation and Development Area (ECDE). (B) 
Trapping sites in scenic areas (SC) and human resident (HR) areas.

M.-DE. Liu et al.                                                                                                                                                                                                       Heliyon 10 (2024) e39948 

3 

http://ngdc.noaa.gov/eog/viirs/download_viirs_ntl.html
https://www.webmap.cn/main.do?method=index
https://www.webmap.cn/main.do?method=index


image data, known local site factors, and mosquito dispersal ability. To analyze the effect of remote sensing environmental features 
(including NDVI, FC, MNDWI) and light (LT) index values on vector density in trap sites, hypothetical buffer distances of 100 m, 200 m, 
400 m, 600 m, 800 m, 1 km, 2 km, 3 km, 4 km, and 5 km were compared. The remote sensing environmental feature datasets inside 
each trap site’s buffer area were generated through spatial extraction with the “Zonal statistics” tool in QGIS. The remote sensing 
environmental features analyzed for correlation with vector abundance are listed in Table 1.

2.5. Statistical analysis

The vector density datasets were grouped on the scales of environmental type, subarea, trapping month, and trapping month within 
subarea, respectively. Then, the descriptive statistics and ANOVA were used to elucidate the variance in vector density in each group 
on different spatial and temporal scales, and Student‒Newman‒Keuls analysis was used to perform the two-by-two comparison among 
variances in each group.

On each trap site, whether a vector occurrence follows the binomial distribution and the density of the vector follows the normal 
distribution. Therefore, logistic regression was used to detect the occurrence risk of vector breeding related to the environmental 
background, and a linear regression model was adopted to find the environmental features correlating to the vector density in the light 
trap. Firstly, the environmental factors were first subjected to correlation analysis with the vector density; secondly, the factors dis
playing a significant correlation were involved in the regression model. In the logistic regression analysis, the environmental variables 
were introduced into the model in a “Forward-LR” way, and the environmental variables were introduced into the multiple regression 
model in a “stepwise” manner where the model took the density as a dependent variable model. In this study, the sample size of the 
regression on the vector in SC area was 39. In order to ensure appropriate statistical power of regression analysis, the number of 
environmental variables that were introduced into the regression model must be no more than 4 according to the Events per variable 
(EPV) rule [31,32].

The statistical analysis was conducted with IBM SPSS Statistics for Windows, version 19.0 (IBM Corp., Armonk, N.Y., USA), and the 
statistical significance was set at P < 0.05.

3. Results

3.1. Mosquito trapped in study

Totally, we trapped 15,490 mosquitoes with light traps, including Cx. tritaeniorhynchus, Cx. pipens pallens (Coquillett, 1898), and 
Ae. Albopictus (Skuse, 1894). The number and percentage of these species were ranked as Cx. pipens pallens (14,711, 94.74 %), Cx. 
tritaeniorhynchus (483, 3.12 %), and Ae. Albopictus (296, 1.91 %).

3.2. Vector density in the environmental type area of study area

First, we compared the vector’s mean density in environment type and listed the result in Fig. 2. The mean density of the vector in 
the scenic area (SC) (10.33 NMPT) was significantly higher than that in the human residential area (HR) (1.54 NMPT), that is the 
density in the scenic area was almost five times that in the residential area. Nevertheless, the F test (ANOVA) indicated that there were 
statistically significant differences between the vector density in scenic and human residential areas (F = 5.747, p = 0.019). Thus, the 
scenic area was the primary area for infestation by vectors.

3.3. Vector density in the SC of subarea in study area

Then, we compared the mean density of vectors in SC of three subareas of the study area, and the results are listed in Fig. 3. 
Throughout the study period, the mean vector density in the NUDA (40.75 NMPT) was more extensive than those in the UFDA (6.25 
NMPT) and CFCA (0.11 NMPT). The vector density in NUDA was almost seven times larger than that in UFDA, and the vector number 
in CFCA was close to zero. After ANOVA among the three subareas groups, the difference in vector density of the three regions was 
statistically significant (F = 11.415, p < 0.001). Furthermore, SNK analysis results displayed significant difference between two 

Table 1 
Definitions of environmental factors tested for correlation with vector density.

Variable Definition

NDVI_100/200/400/600/800/1K/2K/ 
3K/4K/5K

The total value of NDVI index within buffer zones of 100 m, 200 m, 400 m, 600 m, 800 m, 1 km, 2 km, 3 km, 4 km, and 
5 km around trap sites, respectively

FC_100/200/400/600/800/1K/2K/3K/ 
4K/5K

The total value of FC index within buffer zones of 100 m, 200 m, 400 m, 600 m, 800 m, 1 km, 2 km, 3 km, 4 km, and 5 
km around trap sites, respectively

MNDWI_100/200/400/600/800/1K/ 
2K/3K/4K/5K

The total value of NDWI index within buffer zones of 100 m, 200 m, 400 m, 600 m, 800 m, 1 km, 2 km, 3 km, 4 km, and 
5 km around trap sites, respectively

LT_100/200/400/600/800/1K/2K/3K/ 
4K/5K

The total value of light index within buffer zones of 100 m, 200 m, 400 m, 600 m, 800 m, 1 km, 2 km, 3 km, 4 km, and 5 
km around trap sites, respectively

NDVI, Normalized Difference Vegetation Index; FC, vegetation Fractional Cover; MNDWI, Modified Normalized Difference Water Index; LT, light.
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Fig. 2. Vector density comparison in the scenic areas (SC) and human resident (HR) areas of Beijing.

Fig. 3. Vector density comparison of scenic area (SC) among Beijing’s sub-area of Capital Functional Core Area (CFCA), Urban Functional 
Development Area (UFDA), and New Urban Development Area (NUDA). (A) Value comparison. (B) Map of the value comparison.

Fig. 4. Vector density comparison of scenic area among trapped months.
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groups; the first group included the CFCA and UFDA, and the second group had only NUDA. According to SNK analysis, the vector 
number of vectors in the NUDA area was statistically significantly higher than that in the CFCA and UFDA areas, and there was no 
statistically significant difference between the CFCA and UFDA areas. Although the density was low in UFDA and CFCA, Fig. 3 still 
mention us that the vector could breed in well development urban area of Beijing, including the capital center area.

3.4. Vector density of SC in trapped months

As shown in Fig. 4, the vector densities in June, July, August, and September were 0.00 NMPT, 1.31 NMPT, 7.13 NMPT, and 1.90 
NMPT, respectively. No vector could be detected in June. The vector density in August was five times and four times larger than those 
in July and September, respectively. Thus, August was the top season, and July and September were the second distribution months. 
Moreover, ANOVA showed that the mean difference over four months was statistically significant (F = 4.369, p = 0.005); Student‒ 
Newman‒Keuls analysis showed that the vector density in four months could be subdivided into two groups in which there was no 
statistically significant difference among each month. The first group included June, July, and September, and the second group 
included only August. Thus, the density in August was significantly more extensive than those in June, July, and September.

3.5. Vector density of SC in subarea during trapped months

First, we grouped the vector density into four months in CFCA, UFDA, and NUDA, resulting in twelve group means of vector 
density. As shown in Fig. 5-I, the vector density in August of NUDA (32.63 NMPT) was listed as the highest among all means. The vector 
density in July of NUDA (6.38 NMPT) was second. The vector densities in September of UFDA, September of NUDA, August of UFDA, 
and September of CFCA were 4.83 NMPT, 1.75 NMPT, 1.42 NMPT and 0.11 NMPT, respectively. The ANOVA analysis showed sig
nificant differences among the 12 groups’ vector densities (F = 9.78, p < 0.001); the Student‒Newman‒Keuls analysis results dis
played significance among the two groups. The first group included June-NUDA, July NUDA, Sep-NUDA, June-UFDA, July UFDA, Aug- 
UFDA, Sep-UFDA, June-CFCA, July CFCA, Aug-CFCA and Sep-CFCA, and the second group included only Oct-NUDA. Thus, the vector 
density among June-NUDA, July NUDA, Sep-NUDA, June-UFDA, July UFDA, Aug-UFDA, Sep-UFDA, June-CFCA, July CFCA, Aug- 
CFCA, and Sep-CFCA was nonsignificant, and those densities were significantly lower than that in Aug-NUDA.

Also, we map the vector density of SC of three subareas of study area in four months in Fig. 5-II. As Fig. 5-IIshown, there was no 
vector trapped in all three subareas in June (Fig. 5-II-A), there was vector only in NUDA (6.38 NMPT) in July (Fig. 5-II-B), there was no 
vector in CFCA and higher vector of NUDA(32.60 NMPT) than that in UFDA (1.42 UFDA) in August (Fig. 5-II-C), and there was higher 
vector of UFDA (4.83 NMPT) than that of NUDA (1.75 NMPT) and CFCA (0.11 NMPT) (Fig. 5-II-D).

3.6. Mapping spatiotemporal distribution of vectors in scenic area

The trapping sites in scenic area are shown in Fig. 6(A), and the positive vector sites in June, July, August, and September are 
displayed in Fig. 6(B) and. 6 (C), Fig. 6(D) and 6 (E). In June, we could trap the vector in all scenic area sites, which corresponds well 

Fig. 5. Vector density comparison of scenic area among Capital Functional Core Area (CFCA), Urban Functional Development Area (UFDA), and 
New Urban Development Area (NUDA) in trapped months. (I) Value comparison. (II) Map of the value comparison in June(A), July(B), August(C) 
and September(D).
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with the density results above. However, the vector could be detected in July NUDA, August NUDA and UFDA, and all three regions in 
September with many blank vector sites. Fig. 6 (F) shows the positive scenic area of the entire study period. The vector could be 
detected as positive in many locations, except for some zero areas in the CFCA. In summary, there was a clear distribution pattern 
transition of the positive vector site from Fig. 6 (A) to Fig. 6 (E). From July to September, the positive vector sites expanded from NUDA 
to UFDA and CFCA.

3.7. Logistic regression analysis of the positive or negative vectors in scenic area

Fig. 6 (F) shows that some scenic area in the CFCA trapped zero vectors throughout the study period. Thus, there was a one versus 

Fig. 6. Spatial-temporal distribution dynamic map of vectors’ positive sites in scenic area. (A) Vectors’ positive sites in scenic area. (B) Vectors’ 
positive sites in June. (C) Vectors’ positive sites in July. (D) Vectors’ positive sites in August. (E) Vectors’ positive sites in September. (F) Whole 
vectors’ positive sites in study area.

Table 2 
Logistic regression analysis on the positive or negative of vectors in scenic area.

Model B df Sig. Exp (B) EXP(B) 的 95 % C.I.

Lower limit Upper limit

LT_100 − 2.343 1 0.011 0.096 0.016 0.587
NDVI_800 1.688 1 0.013 5.407 1.424 20.535
Constant − 0.004 1 0.992 0.996 ​ ​

LT_100, total value of light index within buffer zones of 100 m; NDVI_800, total value of NDVI index within buffer zones of 800 m.
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zero (one stands for vector positive and 0 for zero vector in sites) chance of the vector detected in the scenic area. It is convenient to 
perform logistic regression to reveal whether and what environmental features could contribute to the detected vector. As shown by 
logistic regression (forward stepwise (LR)) (Table 2), NDVI_800 and LIHT100 could be included in the regression model (Hosmer‒ 
Lemeshow test, X2 = 5.4529, p = 0.806). The LT_100 was negatively related to whether the vector was caught in the scenic area (OR: 
0.096, 95%CI: 0.016–0.587, p = 0.011), and the NDVI_800 was positively correlated with the vector being detected in scenic area (OR: 
5.407, 95%CI:1.424–20.535, p = 0.013). The number of environmental variables that were introduced into the regression model was 
smaller than 4, which would ensure appropriate statistical power of regression analysis according to the EPV rule.

3.8. Linear regression analysis of the vector density with environmental factors

Additionally, linear regression (in a forward stepwise way) was performed to analyze the relationship between vector density and 
environmental features. As a result (Table 3), NDVI_100 and LT_100 could be included in the final linear model (F = 8.375, p = 0.001). 
Moreover, NDVI_100 (B = 0.200, t = 2.797, p = 0.008) was positively correlated and LT_100 (B = − 0.257, t = − 3.579, p = 0.001) was 
negatively correlated with vector density. Finally, the vector density in each scenic area could be simulated by a linear model as 
follows: 

D=0.485 + 0.200*NDVI 100 − 0.257*LT 100 

where D is the vector density in trapping sites. The number of environmental variables that were introduced into the regression model 
was smaller than 4, which would ensure appropriate statistical power of regression analysis according to the EPV rule.

4. Discussion

In present paper, the vector preferred the scenic areas (SC), and the vector could be detected in SC sites of CFCA, UFDA, and NUDA. 
The vector is generally considered a mosquito in the countryside and peri-urban regions [33], and the JE’s infection force is identical in 
the peri-urban and rural farm regions. Previous studies observed breeding of vector in the urban subchannel system of Beijing [29] and 
the residential area of Nanjing [34]. Thus, the present paper confirmed the scenic area’ critical role in sustaining the vector population, 
although a typical JE animal host (pig for example) was lacking in the urban area of Beijing. During the vector survey in Beijing, scenic 
area included parks, scenic spots, and public lawns [35]. In these scenic area, the state and clear water or the urban water in channels 
could sustain vector breeding very well, the thriving planting around the lake or channels provides the best-rested sites for vector 
adults, and city animals (birds, for example) may also take the place of pigs (in the countryside) as animals’ blood animals for vectors. 
Thus, scenic area has the most similar environmental character for breeding as that in the suburban area. Therefore, it is safe to 
conclude that the scenic area of Beijing could sustain vector establishment in urban areas belonging to specific breeding sites in the 
countryside with the advancement of urbanization in the city. The city’s scenic area determined the extent of the vector and its borne 
diseases in the urban area [14]. Compared with the environment in the countryside, the metropolitan region representing a more 
complex system has distally different characteristics and typical unfitted echo for the vector (resident and business section, for 
example). Therefore, we reported the vector’s scenic area preference in the urban area for the first time. Beijing plans to build its urban 
green belt with many scenic area [39], which would benefit the environment by vector infesting. Hence, this study reminded us of the 
risk of vector breeding and told us that survey and control measures should be applied to demolish the risk of JE transmission in urban 
areas.

In this study, the vector was primarily detected in the new urban development area (NUDA) of Beijing, which is statistically higher 
than that in the center (CFCA) together with intercalary area (UFDA). In the center area (CFCA), the vector density displayed non- 
significance against that in UFDA. The vector was distributed across the city (including the center area) and was not limited to the 
countryside area. Generally, the Cx. tritaeniorhynchus is considered a rural mosquito species because the rural environment could 
provide breeding sites such as rice fields, cannel, streams, and ponds [36]. The three rustic environmental elements (paddy fields, pig 
farms, human habitations) of JE facilitate or impede the movement of vectors and then determine how the JE interacts with hosts and 
vectors and the infection risk to humans ultimately [18]. In Beijing, the Cx. tritaeniorhynchus could be found in the downtown area 
[29], but that researcher did not uncover the spatial distribution of the vector among urban areas. However, this study revealed Cx. 
tritaeniorhynchus spatial distribution in three city sub-areas ranging from the center to the suburbs and confirmed the vector density 
distribution in the density grade in Beijing. The vector species can present in urban households with and without pigs, and keeping pigs 

Table 3 
Linear regression model of the vector density with geoenvironmental features in scenic area.

Model Coefficient analysis Model ANOVA

Coefficients 95 % Confidence Intervals t Sig. F Sig. df

Lower Limit Upper Limit

Constant) 0.485 0.347 0.623 7.119 0.000 8.375 0.001 Regression 2
LT_100 − 0.257 − 0.402 − 0.112 − 3.597 0.001
NDVI_100 0.200 0.055 0.344 2.797 0.008 Residual 36

LT_100, total value of light index within buffer zones of 100 m; NDVI_100, total value of NDVI index within buffer zones of 100 m.
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increase vector density only [15]. Together with the present study, the Cx. tritaeniorhynchus had developed a stand breed site in an 
urban environment, although Beijing forbids the pig from growing in the metropolitan area. In the suburbs, environmental features 
preserve similar charters as in the countryside, and the similarity between the country and urban subregion decreases gradually closer 
to the city center. Therefore, the gladly decreasing vector density in this study agreed well with the breeding ecology of Cx. tritae
niorhynchus. In the center area of Beijing, the urban area also offers breeding sites for Cx. tritaeniorhynchus, such as lakes, wetlands, and 
ponds, which resemble Cx. tritaeniorhynchus breeding function to their county part in the countryside [33], which makes breeding 
vectors in the center area possible. In this study, the resettlement of the vector in the central area also hinted at the risk of JE in the most 
highly urbanized region in Beijing. Therefore, survey and control of JE and its vector should not be limited to the suburban area, while 
taking the all-city space for attention is necessary. The vector must find similar breeding sites in the countryside to make a living in the 
central urban area. Therefore, we must keep an eye on it and take the right action to survey and control its breeding in urban areas in 
the future.

On the level of months in CFCA, UFDA, and NUDA, the vector density in August of NUDA was listed as the highest, and September 
was the peak period in the UFDA and CFCA. In addition, vector density in the UFDA and CFCA showed different temporal distribution 
patterns from that in NUDA. Regarding the temporal distribution pattern, the previous studies only took the study area as a whole and 
did not uncover the distribution pattern diversity among different urban areas. Hence, this study not only revealed the temporal 
pattern of the vector at the city level but also revealed the other temporal distribution characteristics and diversity levels of the 
environment, area, and city. In the different districts of Beijing, vector density peaked in August and September in the NUDA area [37] 
and September in UFDA [38,39], and the JE case peak ranged from October [40] to September [41]. In this study, we also found the 
vector density of UFDA ranked first among three subareas of study in September. Thus, our study agreed well with the JE epidemiology 
characters among districts, from the point of view of vector-borne disease. At the temporal scale, climate factors account for the 
temporal distribution pattern of the vector [42] as well as JE cases [43]. In China, the more southern and eastern, the earlier vector 
density peaks, and the period is closely related to temperature ascent [44]. In our study area, the peri-urban area sites in NUDA (Tong 
Zhou District) are located southeast of the CFCA and UFDA, which results in an earlier warm climate than that of the CFCA and UFDA. 
The geographic position of the three areas may cause vector density to peak one month earlier in NUDA than in CFCA and UFDA. 
Overall, this study sheds light on density-peaking diversity among subareas with diverse urbanization levels. The spatiotemporal 
distribution of mosquitoes helped improve the understanding of the relative risk of flavivirus infection and monitoring and long-term 
surveillance. Therefore, the vector temporal distribution pattern would assist in preventing and controlling the vector at the right time 
for Beijing.

The NDVI indices the growth and coverage of vegetation and is closely related to the presence and density of the vector [45]. In this 
study, the NDVI was positively linked to the occurrence and density of vector at distances of 800 m and 100 m, respectively, high
lighting NDVI’s key role in vector breeding and resting in scenic area. The linking of the NDVI with the vector has been confirmed in 
China [46] and Korea [42], which are major JE-transmitting countries in Asia. As a crucial environmental factor, the impact of NDVI 
on the vector in Beijing’s urban areas is not yet clear. Previous studies have pointed out the augmented function of NDVI on vectors. 
Likewise, this study confirmed the boosting sense of NDVI in the context of the city, and the vegetation in urban areas boosted the 
vector population and the countryside. In Beijing city, there is higher NDVI value in NUDA for the lower building construction level 
and in August as well as September for the reason of vegetable development pattern of local region. Besides, the scenic area is the 
typical vegetation planted place for afforestation, city view, and environmental purification. The plant of scenic area in an urban area 
plays an analogical role for the vector sustaining in the countryside. Otherwise, the vector cannot fit echo in the city background, in 
which suitable sites for adult resting or lava breeding shade are lacking. Hence, this study detected the vegetable factors relating to 
vector and quantity that impact with regression analysis, and the vegetable features also provided explains for the distribution pattern 
of vectors on the level of spatial and temporal. Beijing is enforcing its scenic area construction to favor vectors inhabiting the urban 
area. Therefore, these results could advise the indication of the hot point of the vector breeding sites and assist in controlling the vector 
in the urban environment. These results also suggested that we should further surveil the vegetation ecological function, which would 
increase our understanding of the vector ecology in the metropolitan area.

In present paper, the light index value correlated negatively with the vector’s occurrence and density in the Beijing scenic area. 
Furthermore, the vector density decreased on the scale of sub-area along with descending urban light sources reduced gradually in 
NUDA, UFDA, and CFCA, which also hint the negative affection of the light index on the vector density. Light is always regarded as an 
attractive source for mosquitoes, and light trapping is also used widely to deter the presence or density of the vector [47]. The influence 
of urban light on insects has been the subject of much research, but few studies have focused on the effect of urban light on the vector of 
JE. So, this study elucidated the impact of the urban light level on the vector, which revealed a new effect of urban light. Therefore, the 
results here not only denied the attractive role of urban light but also demonstrated that urban light had a repellent effect on the vector 
in Beijing urban area. In metropolitan areas, the city-light indexing urban developmental level plays a crucial role in the environmental 
impacting on the urban insect population [48]as well as vector control [49]. In the typical well-urbanized area, concrete ground, few 
vegetables, and covered city water bodies constitute unsuitable circumstances for the vector. Therefore, the higher urbanization level 
means less similarity of the environmental characteristics to the countryside being a typical live area for the Cx. tritaeniorhynchus. The 
night-light population’s negative effect on the urban ecosystem has received much attention [48], so decreasing urban light would be 
popular in the future. According to this study, decreasing of the urban light would increase the JE risk amount in the metropolitan area 
of Beijing. After all, this study not only pointed out the negative effect of light on the population of Cx. tritaeniorhynchus but also 
modeled the link between vector density and urban light index, which could help locate the hot point of vector breeding to prevent and 
control JE transmission in Beijing.

In addition to environmental features, spatial distance is involved in the environmental influence on the occurrence and density of 
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an urban vector in this study. That, the NDVI affected at distance of 800 m (occurrence) and 100 m (density), and urban light affected 
at distance of 100 m (occurrence as well as density). NDVI values linked to vector density were reported by many studies [42,46], but 
none of them declared the affecting distance of NDVI or LT on the density or occurrence of the vector. Therefore, this study shed light 
on the spatial ecological relationship of vegetation to the vector and quantified this relationship with regression models. The spatial 
distance affecting the vector has been noted, for example, the distance from breeding sites linked to vector density [50] and disease 
spreading range [51]. Such distance influence was related to the fly competence of the mosquito in a particular ecological context. As 
reported, the flight distance for a mosquito blood meal is an average of approximately 100 m [52], and Culex flies at least 900 m away 
[53]. In this study, the affection space distance of the NDVI and light also lie at 800 m and 100 m, and these distances were close to the 
flight distance of mosquitoes in previous papers. Here, we deduced that the effects of vegetation and light on the vector were effective 
at unique spatial scales. In other words, vegetation and light affect the vector with extended spatial distance, and such a distant in
fluence was linked to the fly competence of the vector. In this study, the 800 m (NDVI) and 100 m (NDVI and light) coincided nicely 
with the flying distance of the vector. The 800 m may be the least suitable area space distance for the vector, and the 100 m was the 
popular fly range of the vector. Consequently, vegetation in 800-m buffers means that the acre of the scenic area around the trapping 
sites could sustain the breeding of the vector in its environment. Furthermore, a 100 m environmental buffer area around the trapping 
sites determined the occurrence and density of the vector around the trapped sites. Thus, this study would help estimate the effect 
distance or extent of the environmental factor on the vector, plan the position and boundary of the vector survey, and make precise 
control in the urban city. However, the practice of results in future prediction and control of the vector still needs to overcome more 
detailed fieldwork.

5. Conclusions

In China, JE is a vector-borne disease that breaks out in the countryside and suburban areas, for the reason of its vector’s breeding in 
rice field in rural area [33]. However, JE cases have also been reported in urban areas in Japan [9], Vietnam [10], and China [12], and 
the spatiotemporal distribution and environmental correlation of the vector in urban area are still unknown. This study confirmed the 
exiting of the vector in the urban area of Beijing, particularly in the center area of the city. Second, this study scientifically described 
the spatial and temporal distribution characteristics of the vector in the capital city area for the first time. Finally, particular envi
ronmental features were linked to the existence and density of the vector in the ecological scenic area. For the first time, this study 
highlights the risk of JE in the Beijing center area and clarifies the breeding site type of the vector in the downtown area of Beijing. By 
adding vegetation area and decreasing the light index during the urbanization advancement of Beijing, the vector density would mount 
in the urban area. Thus, this paper also cautions about the JE risk, surveillance on the vector in urban area without rice field, and 
applying control management during the urbanization process of Beijing. Based on field trapping and 3S analysis, this study not only 
clarified the spatiotemporal distribution characteristics but also modeled the correlation of environmental features linked to the vector 
of JE. To eliminate the JE risk in the central urban area of Beijing, people should keep a close eye on the urban breeding vector and its 
epidemiological risk and then take corresponding and precise measures to prevent and control the vector. Nevertheless, this study also 
had many limitations. First, the ecological mechanism of environmental factors impacting the vector was not determined in this paper 
and needs further analysis. On the other hand, JE risk prediction also needs further study from the viewpoint of vector-borne disease 
during the urbanization advancement of Beijing because this paper focuses primarily on vector respect. Finally, an additional field 
study was necessary to control the vector in the urban area of Beijing.
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