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Abstract

Understanding the distribution of dengue fever in time and space is the foundation for its control and 
management programmes. Different technologies, especially the Geographic Information System 
(GIS) and its tools and methods, have been used to illustrate and visualize the prevalence of some 
mosquito-borne diseases and abundance of their vectors. The aim of this study was to illustrate 
the spatial distribution and spatial pattern of this disease and female Aedes aegypti mosquitoes in 
the epidemic-prone area of Jeddah, and also to show the hot spot districts with the highest risk 
levels. The study was conducted in Jeddah county, Saudi Arabia. The clinically-confirmed cases 
registries of dengue fever have been continuously and systematically collected since 2006 by the 
Dengue Fever Operation Room of Jeddah Health Affairs. The computerized databases of these two 
government departments have recorded weekly notifications of dengue fever cases and its vector 
(female Aedes mosquito). The female Aedes mosquito counts and identification were provided by 
the laboratory of mosquito, which belongs to the Jeddah Municipality. Two GIS techniques were 
used to achieve the aims of this study. The multi-distance spatial cluster (Ripley’s K-function) was 
used to estimate the spatial pattern and distribution while the Getis-Ord Gi* statistic was used 
to model and visualize the hot spots and the risk models. The results showed that the spatial 
patterns and distribution of dengue fever cases from 2006 to 2009 were clustered at multiple 
distances with statistically significant clustering. They also showed that most Aedes mosquitoes 
were clustered while some of them were dispersed at larger distances, especially in 2007, 2008, 
2009 and 2010. Also, areas with various risk levels of dengue fever and its vector were identified 
in different geographical locations (districts) for different epidemic years using the Getis-Ord Gi*. 
Identifying dengue fever and its vector cluster and hot spots can be greatly enhanced through the 
use of a variety of analytical techniques that are available in the Geographic Information System. 
Getis-Ord Gi* and multi-distance spatial cluster (Ripley’s K-function) can be implemented as 
routine procedures along with dengue fever control and prevention programmes.
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Introduction

Dengue fever (DF) is a mosquito-borne viral illness. It is caused by one of the four serotypes of 
the dengue virus, which belongs to the family Flaviviridae, and is predominantly transmitted 
by Aedes mosquitoes.[1] An empirical model shows that around 35% of the world’s population 
(2.5 billion people) live in countries with risk of dengue.[2,3,4] Among the mosquito-borne 
diseases in Saudi Arabia, mainly Rift Valley fever, malaria and dengue, the latter ranks as of 
the highest concern for public health in the country in general and in Jeddah in particular.
[5,6] Many other regions are undergoing unplanned urban growth and are lacking water 
supply and proper drainage and waste disposal, which have created suitable conditions for 
mosquitoes to breed.[7]

Understanding the distribution of dengue incidence in time and space can be a foundation 
for disease control and management programmes. Knowledge of when and where cases of 
dengue fever occur will enable the formulation of disease causation hypotheses for cases 
with unknown or poorly characterized etiology, identification of disease-risk areas and a 
design of efficient surveillance and control programmes.[8] 

Recently, different technologies, especially the Geographic Information System (GIS) and 
its tools and methods, have been used to illustrate and visualize the prevalence of some of 
the mosquito-borne diseases and the abundance of their vectors.[9-17] For example, Ernst et 
al.[18] used GIS to illustrate the malaria hot spot areas in highland Kenya. They found that the 
knowledge of hotspot areas of high malaria incidence would allow for focused preventive 
interventions in resource-poor areas, particularly if the hotspot areas can be discerned during 
non-epidemic periods and predicted by ecological factors. 

GIS methods of spatial distribution and spatial pattern can help identify the hot spot and 
cold spot areas, clustered or dispersed patterns of DF cases and their transmitters. GIS and 
its statistical methods can play an important role in formulating dengue control activities, 
assessing changes over time in DF transmission and determining resources to control DF 
prevalence, particularly in high or persistent locales of DF transmission, directions and spatial 
pattern.[19-22]

For Saudi Arabia, to date, there is no published study that used GIS and its spatial 
statistical methods to identify and visualize areas with hot spots, distribution (clustered or 
dispersed) and spatial pattern (the way in which the distribution of clinically-confirmed cases 
of dengue and its vector (Aedes aegypti) are found in different districts). The aim of this study 
was to illustrate the spatial distribution and spatial pattern of this disease and female Aedes 
mosquitoes in the epidemic-prone area of Jeddah and also to show the hot spot districts with 
the highest risk levels. Two GIS techniques were used to achieve the aims of this study. The 
multi-distance spatial cluster (Ripley’s K-function) was used to estimate the spatial pattern 
and distribution while the Getis-Ord Gi* statistic was used to model and visualize the hot 
spots and the risk models.
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Material and methods

Study site

The study was conducted in Jeddah county (21°32’33”N and 39°10’22”E), that is, the 
largest city in Makkah province, Saudi Arabia. It is situated on the coast of the Red Sea and, 
as home to about 3.5 million people, is considered to be the major urban area of western 
Saudi Arabia. It is the main gateway to Mecca and Al Medina, regarded as the two holiest 
sites in Islam. Jeddah has 13 sub-municipalities and 111 districts. The study area is around 
1100 km² and extends from Al Janoub in the southern part of Jeddah to Dhahban in the 
northern part (Figure 1). According to Jeddah Health Affairs, Ministry of Health, this area 
reports the highest incidence of mortality and morbidity in Jeddah.

Data sources, cleaning and organizing

Daily mosquito samples are acquired by black hole traps and these are returned to the 
mosquito laboratory for filtering and sorting according to species, sex, date of collection, 
coordinates and number of mosquitoes for each location. According to Aburas,[23] black hole 
traps were considered the most efficient traps for the study area. From the mosquitoes that 
were collected, only female Aedes aegypti were used in the analysis in this research. The 
female Aedes aegypti mosquito counts and identification were provided by the laboratory 
of mosquito, which belongs to the Jeddah Municipality. For the capture of mosquitoes, 
504 black hole traps have been in operation since 2006. These traps were distributed 
geographically based on population density and different environmental factors (Figure 2) 
and captured mosquitoes by producing carbon dioxide. The clinically-confirmed cases 
registries of dengue fever have been collected since 2006 continuously and systematically by 
the Dengue Fever Operation Room of Jeddah Health Affairs and by the Jeddah Municipality. 
The computerized databases provided by these two government departments have recorded 
weekly notifications of dengue fever cases and its vector (Aedes aegypti mosquitoes), including 
age, sex, nationality, district, coordinates and the week of disease onset for each case. The 
collected data were entered into Excel files to remove the duplicated and redundant data, 
fill the missing values, transform some coordinates from degrees, minutes and seconds to 
decimal degrees and convert dates to weeks for each year of epidemic. Using ArcCatalog 
v.9.3.1, point shape files of clinically-confirmed cases and female Aedes mosquitoes were 
created and projected to WGS 1984 UTM Zone 37N. The base map of the districts was 
digitized and projected to the same projection using Arc Map v.9.3.1. For the base map of 
the districts, the database included the number of cases in each district for different years 
and the number of mosquitoes captured by the black hole traps from week 23 of 2006 to 
week 52 of 2010. 
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Figure 1: The study area in Jeddah, Saudi Arabia
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Figure 2: Location of black hole traps in the study area of Jeddah

Location of black hole traps
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Data analysis

Spatial pattern

Spatial pattern methods, such as kernel estimation, multi-distance spatial cluster (Ripley’s 
K-function), average nearest neighbour and spatial autocorrelation (Moran’s I), can be used 
to identify the key areas of mosquito-borne diseases. Many studies have used some of these 
methods to illustrate the spatial patterns of dengue fever and Aedes mosquitoes. For example, 
kernel estimation was used to analyse the spatial pattern of dengue and its vector in Nova 
Iguacu, Rio de Janeiro.[24] The results of this study showed five areas with high and medium 
density of positive Aedes mosquitoes breeding sites. Also, it highlighted small block clusters 
with high larval density and recommended this method for dengue fever surveillance.

In this study, the method chosen to analyse the spatial patterns of dengue and Aedes 
mosquitoes was the multi-distance spatial cluster (Ripley’s K-function) (Equation 1). This 
method is useful for point pattern analysis and also it is the best method to illustrate the 
point pattern at multiple distances compared with others mentioned above. In this study, 
Ripley’s K-function was used to determine whether the distribution of clinically-confirmed 
dengue cases and also Aedes mosquitoes were clustered or dispersed at multiple different 
distances. The inputs of values for this analysis were based on data from individual trap 
locations and individual case locations. The outputs were represented as graphic models 
for the epidemic years in Jeddah. The graphs contain details of expected K and observed K 
that were calculated using the following K-function:

(Equation 1)

Where d is the distance, n is equal to the total number of clinically-confirmed DF 
cases, A represents the total of the study area and ki,j is a weight, which (if there is no edge 
correction) is 1 when the distance between i and j is less than or equal to d and 0 when the 
distance between i and j is greater than d. When edge correction is applied, the weight of 
k(i,j) is modified slightly.

Tables were produced to show the observed K minus the expected K values (DiffK), 
and also the low confidence envelope values (LowConEn) and high confidence envelope 
values (HiConEn).[25,26] For Ripley’s K-function, Boots and Getis[27] and Mitchell[26] illustrated 
that if the observed K value is larger than the expected K value for a particular distance, the 
distribution is more clustered than a random distribution at that distance (scale of analysis). 
If the observed K value is smaller than the expected K, the distribution is more dispersed 
than a random distribution at that distance. Also, if the observed K value is larger than the 
high confidence envelope (HiConfEnv) value, spatial clustering for that distance is statistically 
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significant. If the observed K value is smaller than the low confidence envelope (LwConfEnv) 
value, spatial dispersion for that distance is statistically significant. 

The neighbourhood sizes and analysis of the datasets of clinically-confirmed DF cases and 
female Aedes mosquitoes were put through 20 iterations for clustering to optimize accuracy. 
The confidence envelopes were computed at 99% confidence interval (CI), and weight fields 
were selected according to the layer datasets. For example, the number of cases in each 
district was used as a weight field when the method was used to analyse the spatial pattern 
of confirmed cases of dengue fever, while the number of female Aedes mosquitoes for each 
trap was used as a weight field when the method was used to analyse the spatial pattern of 
female Aedes mosquitoes. Simulated outer boundary values were selected as a boundary 
correction method because they simulated points outside the study area and because the 
simulated points were the mirrors of points across the study area boundary.

Hot spot analysis

Knowledge about the extent of spatial association in mosquito-borne disease data such 
as clinically-confirmed cases of dengue fever and its vector is essential for the controlling, 
managing and monitoring purposes.[28] Different methods can be used to identify and visualize 
the spatial association. However, many local statistical methods, such as geographically-
weighted Poisson regression (GWPR), Getis-Ord Gi* statistics, local indicators of spatial 
association (LISA) statistics, multi-logistic regression, local Moran’s I and Geary’s, have been 
developed to measure the spatial dependency with its neighbours specified by sample 
data of a study area. Therefore, these types of statistics can be used easily to identify and 
visualize areas of hot spots and cold-spots.[4,12,27,29] For instance, Wu et al.[4] used multiple 
logistic regression to explore threshold values of the imported incidence, household vector 
recovery rate, annual rainfall, and higher elderly and aborigine population in discriminating 
higher and lower risks of dengue fever epidemics in Taiwan.

In this study, the Getis-Ord Gi* statistic (Equation 2) was applied to examine the local 
level of spatial cluster in order to identify and visualize districts where the values of dengue 
fever rate and adult female Aedes mosquitoes were both extreme and geographically 
homogeneous. This type of analysis is particularly helpful for resource allocation purposes. 
It identifies so-called dengue and adult female Aedes mosquito hot spots, where the value 
of the index is extremely pronounced across Jeddah districts. First, the conceptualization of 
spatial relationships that specified how relationships between dengue fever case locations 
and also female Aedes locations was calculated using the fixed-distance band. The fixed-
distance band included the locations of DF cases inside the boundary of the study area, 
and it excluded everything outside that boundary. Also, it was used because it was generally 
more appropriate than the inverse distance conceptualization methods.[26] Secondly, the 
Euclidian distance was used as the distance method. Since the number of black hole traps 
differed from district to district, the number of mosquitoes was divided by the number of 
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traps for each district, giving us the average number of mosquitoes per trap. The output of 
this analysis was a z-score and p-value for each district in Jeddah. The districts with high 
z-scores and small p-values indicated a spatial clustering of a high level of hot spots of DF 
and adult female Aedes mosquitoes, and the districts with low z-scores and small p-values 
indicated a spatial clustering of a low level of hot spots of DF and Aedes mosquitoes.

(Equation 2)

Where xj is the attribute value for feature j, wi,j is the spatial weight between i and j, 
and n is equal to the total number of features.

Results

Spatial pattern of dengue fever cases

Table 1 and Figure 3 give summary statistics of K-function results, calculated by using the multi-
distance spatial cluster (Ripley’s K-function) to illustrate the spatial patterns and distribution 
of dengue fever cases over four years. 

In general, the results (Table 1 and Figure 3) showed that the spatial patterns and 
distribution of dengue cases from 2006 to 2009 were clustered at multiple distances because 
the observed K values were larger than the expected K values at different distances with 
statistically significant clustering. For example, in 2006, the observed K value (min distance 
≈ 4966 m and max distance ≈ 25 486 m) was larger than the expected K value (min 
distance ≈ 917 m and max distance ≈ 18 395 m). As a result, the distribution of dengue 
fever cases in this year was more clustered than a random distribution at those distances. 
Also, the mean distance of the observed K (≈18 592 m) was larger than the mean distance 
of high confidence (≈ 9877 m), which confirmed that the spatial clustering at different 
multiple distances in 2006 was statistically significant (Table 1 and Figure 3(a)). Dengue fever 
cases were more clustered in 2006 and 2008 as compared to other years due to the larger 
differences between the observed K values and expected K values when using the maximum 
distances (see shaded region in Figure 3).

Spatial pattern of adult female Aedes aegypti mosquitoes

Table 2 and Figure 4 show that most Aedes mosquitoes were clustered; however, some 
of them were dispersed at larger distances, especially in 2007, 2008, 2009 and 2010. 
According to Table 2, in 2006, the observed K (mean distance ≈ 19 200 m) was larger than 
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Table 1: Summary statistics of K-function results that applied to DF cases in four different 
years (the bold numbers are referred to in the text)

Dengue fever clinically-confirmed cases 

 Years Min Max Mean Std

Expected K 2006 917 18395 9631 5289

2007 550 11016 5783 3176

2008 604 12095 6350 3487

2009 1024 20487 10755 5906

Observed K 2006 4966 25486 18592 5907

2007 2643 20802 13336 5465

2008 3084 22321 14440 5791

2009 4240 26012 18907 6469

Diff K 2006 4049 10636 8961 1654

2007 2093 9817 7552 2373

2008 2479 10292 8090 2400

2009 3216 10268 8151 1952

Low Con Env 2006 947 16242 9153 4653

2007 611 12660 6966 3677

2008 877 15338 8540 4400

2009 1007 16975 9616 4872

High Con Env 2006 1147 17309 9877 4948

2007 948 14168 7732 4002

2008 967 16195 9002 4645

2009 1098 17890 10159 5142
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Table 2: Summary statistics of K-function results that applied to adult female Aedes 
mosquitoes in five different years (the bold numbers are referred to in the text)

Adult female Aedes mosquitoes

 Years Min Max Mean Std

Expected K 2006 956 19 137 10 047 5517

2007 1422 28 457 14 940 8204

2008 1464 29 280 15 372 8441

2009 1411 28 238 14 825 8141

2010 1463 29 279 15 371 8441

Observed K 2006 6251 24 933 19 207 5335

2007 4867 25 618 19 625 6219

2008 4581 25 756 19 646 6444

2009 3768 24 871 17 943 6451

2010 4262 24 693 17 892 6131

Diff K 2006 5294 11 943 9160 1959

2007 –2839 7855 4684 3266

2008 –3523 7638 4274 3402

2009 –3367 6042 3118 2795

2010 –4586 5810 2520 3151

Low Con Env 2006 2132 18 214 12 141 4817

2007 4320 25 184 18 764 6262

2008 3712 24 961 18 004 6474

2009 3372 22 510 15 848 5741

2010 3644 24 035 17 039 6096

High Con Env 2006 6213 24 794 18 594 5188

2007 5086 25 631 19 793 6043

2008 4571 25 611 19 363 6359

2009 4638 24 830 17 938 6167

2010 4335 24 836 18 201 6140
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Figure 3: Measure of dengue fever clinically-confirmed cases at multi-distances from 
2006 to 2009. If the observed K value is larger than the expected K value for a particular 

distance, the distribution is clustered. If the observed K value is larger than the high 
confidence envelope (HiConfEnv) value, spatial clustering for that distance is statistically 

significant. If the observed K value is smaller than the expected K, the distribution is more 
dispersed than a random distribution at that distance

the expected K (mean distance ≈ 10 000 m). Also, Figure 4(a) illustrates that the highest 
number of clustering occurred at distances around 8600 m, and the clustering was also 
statistically significant around this distance because the observed K was larger than the high 
confidence envelope (HiConEnv). From about 950 to about 4780 m, the mosquito spatial 
clustering was not statistically significant. In 2007, the Aedes mosquitoes were clustering 
from about 1400 m to around 24 500 m (see Figure 4(b)); after that, they were dispersed. 
Since the observed K values at multiple different distances were smaller than the high 
confidence envelope (HiConEnv) values, the spatial clustering and spatial dispersion were 
not statistically significant.  
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Figure 4: Measure of adult female Aedes mosquitoes at multi-distances from 2006 to 
2010. If the observed K value is larger than the expected K value for a particular distance, 

the distribution is clustered. If the observed K value is larger than the high confidence 
envelope (HiConfEnv) value, spatial clustering for that distance is statistically significant. 
If the observed K value is smaller than the expected K, the distribution is more dispersed 

than a random distribution at that distance
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In 2008, most of the female Aedes mosquitoes were clustered between the distances 
around 1460 m and around 24 880 m, and the spatial clustering was statistically significant, 
while some of them started to be dispersed after about 24 880 m, and the spatial dispersion 
was not statistically significant (see Figure 4(c)). Figure 4(d) shows that the observed K 
values were larger than the expected K values at most of the multiple different distances, 
which shows that the distribution of female Aedes mosquitoes was clustering with more 
than a random distribution, but that after about 24 000 m the distribution of female Aedes 
mosquitoes was dispersed with no significance. In 2010, the distribution of mosquitoes was 
clustered from about 1460 m to about 21 950 m; after that distance (≈21 950 m), they 
started to be dispersed. The spatial clustering and dispersion were not statistically significant 
in this year.

Hot spot analysis

Dengue fever hot spot detection

Areas with various risk levels of dengue fever and its vector were identified in different 
geographical locations (districts) for different epidemic years using the Getis-Ord Gi٭ 
(Figure 5). According to Figure 5 (a), districts such as Al-Balad, Al-Kandarah, Al-Ammareyyah, 
Al-Mahgar, Al-Sabeel, Al-Hendaweyyah, Al-Thagur, Guleel and Al Nazalah-Al Yamaneyyah 
had the highest risk level for dengue fever, with 654 clinically-confirmed cases (districts 
shaded in dark red). These accounts for about 14% of the districts under investigation and 
have around 13% (about 354 792) of the population and an area of about 27 km². These 
districts had the highest Z scores (3.18 to 6.49), and the results showed the most intense 
clustering of high values; therefore, these areas were identified as the hottest spots. The 
results also showed that around 11% (≈ 80 km²) of Jeddah districts were in a high-risk level 
(second level), with 207 clinically-confirmed cases of dengue. Because they had positive Z 
scores (1.14 to 3.17), the spatial clustering of the clinically-confirmed cases in these areas 
was statistically significant and they were identified as hot spots. Of all the districts in the 
study area, about 67% (≈ 900 km²) were cold-spot districts with negative Z score values. 
Around 94 % (≈ 878 km²) of these districts had the low and lowest levels of risk with 2 as 
the mean number of clinically-confirmed cases, and around 6% (≈ 23 km²) with 9 as the 
mean number of cases in 2006. 

In 2007, there was a decrease in the percentage of districts in the highest risk level (from 
14% to 5%) and there was an increase in the percentage of districts in the high level of risk 
(from 11% to 28%). However, in terms of area, there was a decrease in the total area of the 
highest risk level from about 66 km² in 2006 to about 54 km² in 2007, and there was an 
increase in the total area of the high-risk level from about 79 km² to about 130 km². Both 
these groups of districts had positive Z scores, which identified these areas as hot spots. 
Al-Rehab, Al-Azizeyyah, Al-Marwah, Al-Safa, Al-Rabwah and Al-Faysaleyyah were identified 
as the highest risk level, with about 25% of clinically-confirmed cases of dengue fever. Those 
districts cover around 54 km² and they have a population of around 618 501. Note that the 
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hot spots were different from those in 2006. In 2008, about 13% of Jeddah districts had the 
highest risk level (Z scores between 4.28 and 6.21). All the districts (14) that were identified 
as hot spots in that year were also identified as hot spots in 2006. Additionally, those districts 
contained around 42% of clinically-confirmed cases of dengue fever. In 2009, the number of 
districts identified as hot spots increased as compared to 2006, 2007 and 2008; as a result, 
about 18% of Jeddah districts entered the highest risk level (hottest spots) with Z scores from 
2.75 to 4.88, and around 14% (16 districts) were indicated as high-risk areas with Z scores 
between 1.34 to 2.74. Additionally, the percentage of clinically-confirmed DF cases in the 
hot spot districts was around 72%. In 2010, 37 districts (about 33% of Jeddah districts) were 
identified as hot spots (Z scores between 1.46 and 5.24). These districts contained the largest 
numbers of infected people; with a total of 1960 clinically-confirmed cases (about 77% of 
clinically-confirmed DF cases). The areas in the highest level of risk had 46% of the total 
percentage of clinically-confirmed cases in the hot spot districts. Also, Figure 5 (e) illustrates 
that about 52% of districts were cold spots and in the low or lowest risk levels.

Adult female Aedes aegypti mosquitoes hot spot detection

The model in Figure 6 shows the locations with significant Getis-Ord Gi* statistics and classifies 
those locations by risk levels. The dark red districts and light red districts were indications of 
the highest and high spatial clusters with the highest and high risk levels respectively. In 2006, 
most of the districts that had the highest and high risk levels of dengue fever prevalence also 
were indicated as high and the highest risk levels of mosquito abundance, especially in the 
centre districts of Jeddah (see Figure 5 (a) and 6 (a)). The highest and high levels of abundance 
of adult female Aedes mosquitoes (hot spots) were recorded in about 25% of Jeddah districts, 
with around 71% of trapped mosquitoes, and Al Faihaa contained the maximum number 
of adult Aedes mosquitoes in this year with 2478. The percentage of cold spot districts was 
around 54, with negative Z scores that ranged from about –1.10 to about –0.07. 

There was an increase in the percentage of districts that had the highest risk level from 
about 16% in 2006 to about 18% in 2007; also there was an increase in the percentage of 
districts that had the high risk level from about 9% in 2006 to about 13% in 2007, and all of 
them were detected as hot spots because they had positive Z scores that ranged between 
0.74 and 4.29 in 2006 and between 1.25 and 4.18 in 2007. In 2008, about 31% of Jeddah 
districts were detected as hot spots with the highest and high risk level (Z scores from about 
1.04 to about 5.11), and around 21% of Jeddah districts (around 191 km²) were detected 
in moderate risk level while around 49% of Jeddah districts were detected as cold spots 
with low or lowest risk levels. In 2009 and 2010, new districts in different parts of Jeddah 
were detected with the highest and high risk levels of adult female Aedes mosquitoes for the 
first time since 2006. In 2009, 27 districts were detected as hot spots with the highest and 
high risk levels (Z scores that ranged from 1.01 to 5.59). Of those districts, about 19% were 
identified with the highest risk level and about 81% with a high risk level. 
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Figure 6: Model of hot spot areas of female Aedes mosquito

Figure 5: Model of hot spot areas based on risk levels for dengue fever cases
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The year 2010 represented an increase in the number of districts (57 districts, or about 
51%) that were detected as hot spots due to the positive values of Z scores. Of those districts, 
14 were in the highest level of risk, with 21% of total female Aedes mosquitoes, while 23 
districts were in the high level of risk, with 38% of female Aedes mosquitoes trapped during 
this year. 

Discussion

Multi-distance spatial cluster analysis and hot spot analysis are valuable tools for studying 
how spatial patterns and hot spots of dengue fever and its vector changed from 2006 to 
2010 in Jeddah. This study has utilized GIS spatial analysis tools to integrate dengue fever 
and female Aedes mosquitoes’ notification records and Jeddah districts for identifying and 
visualizing the spatial patterns and hot and cold spots. The hot spots identified in these 
analyses could explain the entire variance and they could predict risk in dengue fever 
transmission. The study showed that the spatial distribution patterns of dengue fever and its 
vector were significantly clustered. Hot spot analysis illustrated variation in the grouping of 
dengue fever and female Aedes mosquitoes across the study area, and strongly confirmed 
the visible pattern of districts. 

From 2006 to 2010, we can see the hot spots of clinically-confirmed cases of dengue 
fever and female Aedes aegypti mosquitoes concentrated in most of the districts that extended 
between the latitudes 21°41’9.163”N and 21°24’35.675”N. These districts have limited safe 
water, high population density, high building density and limited access to infrastructure. This 
fact was reinforced by several studies,[5,24,30] where the authors found that Aedes mosquitoes 
and dengue fever risk cases increase in areas with high human population density and high 
concentrations of dwellings. Also, this study showed spatial heterogeneity in the risk areas of 
dengue fever when using hot spot analysis. Most of the moderate risk-level districts in 2006 
shifted to the highest or high risk levels in 2007, and some of the districts at a high risk level 
in 2007 shifted to the highest risk level in 2008. Both of these shifts also occurred in 2009 
and 2010. This data should provide insights for improving the DF surveillance system and 
for control interventions in Jeddah. 

In general, the association between the prevalence of dengue fever and the abundance 
of Aedes mosquitoes is strong. For example, most of the clinically-confirmed DF cases were 
recorded in the districts that had the highest or high risk levels of female Aedes mosquitoes. 
In other words, most of the clinically-confirmed DF cases were recorded within the districts 
that were identified as mosquito hot spots from 2006 to 2008, but in 2009 and 2010, the 
situation was somewhat different. Some districts with negative Z scores (too small number 
of mosquitoes), such as Al Balad, Al Hendaweyyah, Guleel, Al Thaalbah, Al Kandarah and 
Betrumen, were observed with high and the highest risk levels of DF infection, with around 
339 cases in 2009 and 771 cases in 2010. There are several plausible explanations for the 
nearly simultaneous appearance of dengue fever cases in those districts. Firstly, the most 
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prevalent infected age groups were teenagers and adults, and about 91% of them were 
between 15 to 60 years of age in 2009 and about 92% were between 15 to 60 years of age 
in 2010. These groups are highly mobile, working and travelling outside of their districts 
and visiting relatives and friends within the districts with a high density of female Aedes 
mosquitoes. Secondly, most of the victims were non-Saudi, accounting for around 66% in 
2009 and around 77% in 2010. These groups usually worked at construction sites, block 
factories, animal fences, fuel stations, cars and tyres repair shops, farms and storages, which 
are the major breeding sites. In 2009 and 2010, many of the female Aedes mosquitoes were 
observed in districts that contained a high number of such sites. Additionally, the increase 
of hot spots and distribution of female Aedes mosquitoes that were observed was due to 
the high amount of rainfall that occurred in Jeddah during the winter season (November to 
January), with around 90 mm in 2009 and around 111 mm in 2010. These levels were higher 
than in 2006, 2007 and 2008 when the average rainfall was around 50 mm. This created 
many hotbeds of reproduction of Aedes mosquitoes such as swamps and soil depressions 
that retain water, and also increased the vegetation index in 2009 and 2010.

Completion of the superstructure stage of house constructions that provided suitable 
environment for mosquitoes to breed in many locations, especially in the eastern part of 
Jeddah, was the main reason for the shift of some districts from the highest and high risk 
levels of female Aedes mosquitoes in 2009 to moderate risk level in 2010. Also, because 
the majority of infected people in Al Balad, Al Hendaweyyah, Guleel, Al Thaalbah, Al 
Kandarah and Betrumen, or where the highest and high risk levels of dengue fever cases 
were observed in 2009 and 2010, were non-Saudi, they had a low rate of income which 
led them to live in districts that have low rates of rent and contain labourers’ camps. These 
districts have been determined to have had a low number of mosquitoes in 2009 and 2010. 
All these facts confirmed that the victims of dengue fever during that period in those districts 
were living in districts with a high or the highest risk level of mosquitoes and were getting 
infected there. But when they went to hospital after the symptoms of the disease appeared, 
they reported the names of the districts where they lived and not the names of the places 
where they worked, hence causing a disjoint between high risk of Aedes mosquitoes and 
reported DF infections.

Conclusion

Identifying dengue fever and its vector cluster and hot spots can be greatly enhanced through 
the use of a variety of analytical techniques that are available in the Geographic Information 
System (GIS). These techniques add considerable information to the disease investigations. 
This study demonstrates that GIS spatial tools can be useful for dengue fever surveillance by 
public health officials. It can provide an opportunity to specify the health burden of dengue 
fever and its vector within the hot spots, and also sets a platform that can help to pursue 
further investigations in associated factors that are responsible for an increased disease risk. 
A concerted intervention in the districts of the high and the highest risk levels could be highly 
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effective in reducing dengue fever transmission in the study area as a whole. Getis-Ord 
Gi٭ and multi-distance spatial cluster (Ripley’s K-function) can be implemented as routine 
procedures along with dengue fever control and prevention programmes. These spatial 
techniques can be used on a weekly basis to identify and visualize the disease patterns and 
hot spots as they develop. This information can then be used for treating, monitoring Aedes 
mosquitoes and preventing DF prevalence. They can be used to check mosquito hot spots 
as data are being collected and target these hot spot districts for spraying and eliminating 
mosquito breeding sites, which is another key prevention measure. Construction sites, 
labourers’ camps, swamps, soil depressions that retain water, block factories, animal fences, 
fuel stations, cars and tyres repair shops, farms and storages should be under continuous 
surveillance and treatment. Results from this study can be used to determine the order of 
preference and for prioritizing control actions. Also, those areas where dengue fever cases 
were detected but are not relatively well populated can be occasionally monitored for 
mosquito density. Unfortunately, Jeddah districts have no spatial data of climatic factors that 
can help us to build a model depending on dengue fever vector to illustrate to what extent 
the spatial pattern of dengue fever cases in one year can be used to estimate the spatial 
pattern for the coming year. We suggest that, in future, every trap that is used to capture 
adult mosquitoes must have devices for measuring temperature, rainfall and relative humidity 
to give a better understanding of the climatic conditions in the area. This can then be used 
later to create temperature and rainfall surfaces for all of Jeddah districts and be used as 
parameters for modelling predictable dengue incidences. In Saudi Arabia in general, and 
in Jeddah in particular, highly mobile groups need an intensive educational programme on 
dengue fever prevention and control. Dengue fever patients must report their travel history 
to their doctors when travelling in epidemic areas to improve the quality of the surveillance 
system.
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