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1. INTRODUCTION

Dengue hemorrhagic fever (DHF) is a viral infection spread by mosquitos that has spread fast across
all world health organization (WHO) areas in recent years, particularly in tropical and subtropical climates.
[1]. Dengue virus is transmitted to people via female mosquito bites, predominantly Aedes aegypti and to a
lesser extent, Aedes albopictus. Additionally, these mosquitoes spread the chikungunya, yellow fever, and
Zika viruses. DHF is widespread across the tropics, with risk levels varying according to factors such as
rainfall, temperature, relative humidity, and unplanned rapid urbanisation.

DHF has been increasingly prevalent throughout the world in recent decades. Due to the fact that the
vast majority of DHF cases is asymptomatic or mild and can be self-managed, the true number of DHF is
almost certainly underestimated. Additionally, a significant proportion of cases are misdiagnosed as other
febrile disorders [2]. Each year, 390 million dengue virus infections are estimated to occur (95% credible
interval: 284-528 million), with 96 million (67-136 million) presenting clinically (with any severity of
disease) [3]. According to another study on the prevalence of dengue, 3.9 billion people are at risk of
infection with dengue viruses. Despite the fact that there is a risk of infection in 129 countries [4] Asia bears
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70% of the actual burden [3]. Since 2000, the number of DHF cases reported to the WHO has increased by
more than eightfold, from 505,430 cases in 2000 to more than 5.2 million cases in 2019. According to reports
of WHO, the number of reported deaths climbed from 960 in 2000 to 4032 in 2015. This year's dengue fever
outbreaks have spread to various nations, with an uptick in cases reported in countries such as Indonesia,
India, Maldives, Mauritania, Mayotte (France), Bangladesh, Brazil, Nepal, Singapore, Sri Lanka, Sudan,
Thailand, Timor-Leste, Cook Islands, Ecuador, and Yemen. DHF will continue to strike Brazil, the Cook
Islands, Colombia, Fiji, Kenya, Paraguay, Peru, and Reunion Island in 2021.

The geographical information systems (GIS) for health applications is quickly becoming one of the
most essential tools for detecting spatial correlations, and it is being utilised by an increasing number of
researchers throughout the world [1], [5]-[12]. In dealing with the DHF disaster that occurs, it can not only
be solved with preventive measures such as draining, closing and burying, which has been carried out and
socialized by governments, but also requires mitigation actions. One way to reduce the spread of DHF is to
provide a map of locations that are prone to DHF by spatial analysis. Preventing the spread of DHF is mostly
accomplished by controlling its vector by concentrating on specific localised regions and removing breeding
circumstances that are conducive to its reproduction [13]. Spatial analysis can identify DHF clusters that are
larger than what would be expected based on the underlying environmental characteristics, climatology, and
demographic structure. The integration of the analytical hierarchy process (AHP) method in GIS to solve
public health concerns has gotten a lot of interest from researchers [8], [9], [12], [14]. Multi-criteria decision
making techniques can be utilised to make the public health challenges more plain, logical, and efficient.

According to Bhatt and Joshi [12], integrating geospatial technologies and AHP for malaria risk
zones and transmission dynamics has significant implications and possible benefits. Dom et al. [13] reported
that the findings of their study provided valuable insights that could be used to improve public health
initiatives in the future. GIS and spatial analytical methods could be used to supplement DHF and other
communicable disease surveillance strategies in order to promote prevention and control actions. Using
AHP-GIS, Ali and Ahmad [8] illustrated how it may be used to better understand the structure and
distribution of dengue outbreaks, as well as the zonation of prospective dengue outbreak risk regions.
Rakotoarison et al. [14] proved GIS integrated with AHP, with their capacity for spatially referenced data
storage, data management, analysis, modeling, and mapping, is a useful tool for understanding spatial
decision issues in malaria-risk areas in Madagascar. Li et al. [15] evaluated the risk of Zika disease
transmission in Guangdong, China, and discovered that the risk was higher in the Pearl River Delta, which
included Guangzhou, Shenzhen, and Nanjing.

Previous studies used GIS-AHP to simulate DHF risk or vulnerability, with variables such as
topography, climatology, and population demography being used to construct the models. There are
limitations to these variables, and as a result, this study recommends the use of various variables that allow
contact between people, specifically the transmission of DHF from infected female mosquitoes to humans
through their bites. (i.e. population density, distance to the road, radius of health facilities, radius of
educational facilities, radius of office area, and land use) to define DHF vulnerability zones. It was decided to
use a buffer distance because of the flight distance factors that were covered during the Aedes mosquito's life
span [16]. Female mosquitoes have an average lifespan of 8-15 days and can fly 30-50 meters per day. This
suggests that female mosquitos can travel a distance of 240-600 m during their lifetime [17].

2. RESEARCH METHOD
2.1. Study area

Gorontalo District is a plateau with an average elevation of 50 meters above sea level and an altitude
range of 0 to 2,062 meters. Gorontalo District is geographically located between 0°28'23.22"-0°55'45.08"
North Latitude and 122°14'43.69"-123°4'48.27" East Longitude (Figure 1). Gorontalo Regency has a total
land area of 2,159 km?. The administrative area of Gorontalo Regency in 2020 consists of 19 Districts and
205 villages, with Limboto District serving as the capital city. The largest district is Asparaga District, which
covers 430.51 km? or 20.25% of the land area in Gorontalo Regency, Indonesia while the smallest sub-
district is Tilango District, which covers 5.79 km? or 0.27% of the total area in Gorontalo Regency. North
Gorontalo Regency borders the northern part of Gorontalo Regency, Bone Bolango Regency, and Gorontalo
City border the eastern part, Tomini Bay borders the southern part, and Boalemo Regency borders the
western part. The highest temperature in Gorontalo Regency in 2020 was 35.2°C in October, while the lowest
temperature was 18.8°C in September. In March and June, the humidity reaches 97%, while in October, the
humidity drops to 65%. The highest duration of exposure was in September, at 79.90%, and the lowest was
45.10%. The wettest month is December, with 27 rainy days.
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Figure 1. Location of the study area

2.2. Determination of preliminary list of factor

It is necessary to evaluate the DHF vulnerability factors and their relationship to the DHF cases in
question. Prepared and constructed a spatial database containing DHF factors in order to conduct a
vulnerability analysis of the system. The factors that are considered vary from one study area to another, and
this is due to the fact that each location has its own unique characteristics. There is no exact agreement on
which factors should be used in DHF vulnerability assessments. However, some of the variables are
commonly used by many researchers, indicating their importance in DHF vulnerability. This set of variables
was selected for the current study based on the results of a field survey and information gathered from the
literature. In the DHF wvulnerability mapping process, a total of six factors were considered: population
density, distance to the road, radius of health facilities, radius of educational facilities, radius of office area,
and land use. Each factor was converted into a 50x50 m grid spatial database, and the grid of the Gorontalo
Regency was built with 857,280 grids (214,341.9 ha).

Rural areas are likely to contribute at least as much to the spread of DHF as urban areas, according
to recent research [18]. Intervening in areas where there is a high human population density, which is critical
for DHF transmission, could improve the efficiency of vector control, especially because population density
figures are relatively easy to obtain [18]. In this study population density was divided into three classes i.e.
>1,000 person/km?; 500-1,000 person/km?; and <500 person/km? (Figure 2). The correlation between DHF
cases and population density was DHF cases (r) is 0.891, while the Sig. (2-tailed)<0.05, so the incidence of
DHF cases is significant [19].

The public facilities (i.e. school, road, and office) cause mosquito breeding sites to increase and
human interaction to increase. A study conducted on the University of Malaya campus in Kuala Lumpur by
Chen et al. [20] found that 50% of all natural containers surveyed were positive for mosquito larvae,
followed by plastic containers (32.77%), plastic pails (23.81%), concrete tanks (20%), vases (18.7%), and
other containers (11.90%). Aside from the elimination of artificial and natural containers, it is also necessary
to consider the modification of breeding sites in and around public facilities in order to control the spread of
these mosquitoes [20]. Mahabir et al. [21] reported that there is a link between the incidence of dengue and
the presence of roads. Because of the high volume of traffic on major highways, especially during mosquito
blood feeding periods (early morning and late evening), which coincide with commuters' journeys to and
from work, major highways may act as major "barriers" to flying mosquitoes. During this time of day, the
foraging mosquitoes' flight speed allows them to become victims of the travelling velocity of vehicles. Aside
from that, the width of major roads increases the chances of being caught in a vehicle's "wind tunnel." Minor
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highways, on the other hand, are typically narrower in width and have a lower volume of traffic than major
highways. Generally, the findings show an increase in the number of DHF cases occurring closer to minor
class roads, which is consistent with previous research [21]. Regilme et al. [22] argued that human-made
landscape features such as primary highways could act as barriers to mosquito travel, reducing gene flow
over the road. Harapan et al. [23] stated DHF cases correlate by health facilities. First, to begin, this drop was
attributed to improved disease management methods at Community Health Centers and hospitals. Second,
this was connected with increasing community and provider knowledge and awareness, as well as improved
diagnoses, including more sensitive and specific diagnostic tests [23].

Complex interactions between vector, host, and virus drive DHF transmission. Land use, such as
water bodies or specialised agricultural techniques, has been recognised as a potential risk factor for DHF
due to the vector's habitat [24]. Land use characteristics are a key component in strategic planning and
implementation of vector control [24]. In this study, land use devide into water bodies (2,808 ha), settlement
(2,926 ha), plantation/agriculture (71,790), shrubs/open Area (52,307 ha), and forest (84,511 ha) (Figure 2).
The incidence rate of dengue in the high vegetation areas was low (cases per 100,000 population), but high in
the low-vegetation areas with a surface temperature of 29+2°C [25].
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Figure 2. The factors of DHF vulnerability
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2.3. Data analysis

Analytical hierarchy process (AHP) is a mathematical solution method which became popular with
management in the late 1990s and the early 2000s. Saaty [26], [27] created a multi-criteria decision making technique
which gives a systemic approach to evaluate and integrate the effects of many elements with several layers of
qualitative and quantitative data dependent or independent. This procedure included a variety of options in the
decision and was capable of performing sensitivity analysis on the following criteria and benchmarks. Furthermore,
because of the paired comparisons, it simplifies judgments and calculations. In addition, it demonstrates the
compatibility and incompatibility decisions that result from multi-criteria decision making. The relative importance of
the criteria is scaled from 1 to 9, with 1 indicating the least important criteria and 9 indicating the most important
criteria (Table 1). The AHP procedure is presented in Figure 3 (see Appendix) [26], [27]:

Step 1: Define alternatives
Step 2: Define the problem and criteria
Step 3: Establish Priority amongst criteria using pairwise comparison
Step 4: Check consistency ratio (CR) using (1)
Step 5: Get the relative weights

CR=E _ (}“max —n)/n—l (1)
RI RI

In (1) Cl is consistency Index while RI is a random index indicating the consistency of a pairwise comparison
matrix generated at random (Table 2), n is number of criteria and Ay iS the maximum eigenvalue of the
comparison matrix. When the CR value is less than 10%, the judgment is consistent; when it exceeds 10%,
the assessments may need to be revised.

Table 1. The relative importance of the criteria [26], [27]

Intensity Definition Explanation
1 Equal importance Two elements contribute equally to the goal
3 Moderate importance Experience and judgement favor one element slightly more than another
5 Strong importance Experience and judgement strongly favor one element over another
7 Very strong importance  One element is strongly favored over another, and its dominance is demonstrated in practice
9 Extreme importance The evidence in favor of one element over another is of the highest order of confirmation

2,4,6,8  Can be used to express intermediate values

Table 2. Random index (RI) value
n 1 2 3 4 5 6 7 8 9 10
RI__000 000 058 090 112 124 132 141 145 149

3.3. Ethics approval
This research does not involve humans in its research, but this research has an ethical license issued
by the Kadiri University Research Institute with Registration Number 004/25/V/EC/KEP/UNIK/2021.

3. RESULTS AND DISCUSSION
3.1. Results

In Table 3, the left-hand criteria are one by one, compared to each top-level criterion, which is more
relevant in relation to the goal (determination of DHF vulnerability areas). For calculating the weights for
each matrix the own value approach was employed. The synthesis technique, which involved multiplying
each ranking by its criterion and sub-criterion priority and adding the resulting weights for each alternative to
achieve final priorities, was utilised in achieving the overall priorities. Tables 3 and Table 4 show the weight
for each criterion and sub-criterion for determining DHF vulnerability.

Table 3. Pair-wise comparison matrix
DHF vulnerability class  PD DR REF ROA RHF LU

PD 100 200 300 3.00 3.00 7.00
DR 050 100 4.00 400 033 5.00
REF 033 025 100 200 033 3.00
ROA 033 025 050 100 033 3.00
RHF 033 300 300 300 100 5.00
LU 014 020 033 033 0.20 1.00

Notes: Population density (PD), distance to the road (DR), radius of educational facilities (REF),
radius of office area (ROA), radius of health facilities (RHF), and land use (LU)
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Table 4. Weight of factors
DHF vulnerability class  PD DR REF ROA RHF LU Total Weightvector

PD 038 030 025 023 058 029 202 0.34
DR 019 015 034 030 006 021 125 0.21
REF 0.13 004 008 015 006 013 0.59 0.10
ROA 013 004 0.04 008 0.06 013 047 0.08
RHF 013 045 025 023 019 021 145 0.24
LU 0.05 003 003 003 004 004 0.22 0.04
Total 1.00 100 100 1.00 100 1.00 6.00 1.00

Notes: Population density (PD), distance to the road (DR), radius of educational facilities (REF),
radius of office area (ROA), radius of health facilities (RHF), and land use (LU)

Table 5. Summary of values
Parameter  Values

Amax 6.49
n 6
RI 1.24
Cl 0.1

CR 0.079

The DHF vulnerability model was built on the basis of the conditioning factors that have been
classed using the AHP method weights. The coefficients and significance have been measured by AHP and
are listed in Table 5 or Table 6. Population density had the largest weight (0.34) among the DHF factors, with
the most important effects on DHF vulnerability and the lowest weight (0.04) for land use. The DHF
vulnerability values were imported to the ArcGIS 10.8 software in order to construct the likelihood map
and (2) was utilised for the DHF factors.

DHFV=0.34PDx0.21DRx0.10REFx0.08ROAX0.24RHF*0.04LU 2
where dengue fever vulnerability (DHFV) score, population density (PD) Score, distance to the road (DR)

score, radius of educational facilities (REF) score, radius of office area (ROA) score, radius of health
facilities (RHF) score, and land use (LU) score.

Table 6. Weight of criteria and sub-criteria

No. Criteria Sub-criteria Criteria weight (W)  Score (S§)  WXxS
1 Population density >1,000 person/km? 0.34 3 1.012
500-1,000 person/km? 2 0.675

<500 person/km? 1 0.337

2 Distance to the road <50 m 0.21 5 1.041
50-100 m 4 0.833

100-200 m 3 0.624

200-400 m 2 0.416

>400 m 1 0.208

3 Radius of educational facilities <1l km 0.10 5 0.489
1-2 km 4 0.391

2-4 km 3 0.294

4-8 km 2 0.196

>8 km 1 0.098

4 Radius of office area <1 km 0.08 5 0.391
1-2 km 4 0.313

2-4 km 3 0.235

4-8 km 2 0.157

>8 km 1 0.078

5 Radius of health facilities >8 km 0.24 5 1.211
4-8 km 4 0.969

2-4 km 3 0.727

1-2 km 2 0.484

<1 km 1 0.242

6 Land use Water bodies 0.04 5 1.211
Settlement 4 0.969

Plantation/Agriculture 3 0.727

Shrubs/Open area 2 0.484

Forest 1 0.242
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As shown in Figure 4, the DHF vulnerability map produced by combining population density,
distance to the road, radius of health facilities, radius of educational facilities, radius of office area, and land
use highlights five classes (very low to very high). In the next stage, a probability DHF vulnerability of
<2.036 to >4.525 was computed in (2). In the presence of any set of DHF factors, this index shows the
projected DHF vulnerability for each grid. DHF The vulnerability map was developed by methods of the
popular literature technique by splitting the vulnerability map into distinct groups. The DHF vulnerability
map range was divided into five groups of very low (<2.036), low (2.036-2.866), moderate (2.866-3.696),
high (3.696-4.525), and very high (>4.525) by a quantile approach. Figure 4 shows the DHF vulnerability
map created using the ensemble DHFV model (2).
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Figure 4. Distribution of DHF vulnerability class

The very low and low classes account for 16.06% and 65.08% of the Gorontalo Regency,
respectively (Table 7). It is primarily areas with forest and plantation, with a lower population density. The
proportions of areas covered by the moderate and high classes of vulnerability are 17.71% and 0.08%,
respectively. According to the analysis, all of these areas of moderate and high vulnerability are dominated
by their proximity to public facilities and roads, distance from health facilities, high population density, and
settlement within the Gorontalo Regency.

Table 7. Distribution of DHF vulnerability class

DHF vulnerability class  Range weight '(A;_"'g? Aor/oea
Very low <2.036 34,4256  16.06
Low 2.036-2.866  139,493.5 65.08
Moderate 2.866-3.696 37,9638 17.71

High 3.696-4.525 163.5 0.08

Very high >4.525 0.0 0

Limboto lake 2,295.5 1.07
Total 214,341.9 100
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3.2. Discussion

Environmental factors are thought to play a role in the transmission and spread of DHF, according
to a number of studies. It is possible that environmental elements will have an impact on the transmission
pattern of DHF, either directly or indirectly. A direct impact can be characterised as a change in
environmental variables that has an impact on the trend of DHF transmission and the pattern of DHF
transmission. A few examples of environmental elements that have an indirect impact on the trend of DHF
transmission and distribution are human population dynamics and their effects on exposure vulnerability, as
well as other landscape features [13]. Using AHP to combine different variables, the overall model of DHF
vulnerability in Gorontalo Regency reveals that the vulnerability area is primarily confined to places with
high population density, which is consistent with the findings of the previous study. This finding is consistent
with the findings of several studies, which found that DHF risk cases increased in areas with a high
population density [1], [28]-[30]. The higher the population of an area will be the greater the potential for
female mosquitoes to fly and bite between humans and each other. They live for an average of 8-15 days and
can fly 30-50 m per day, covering a distance of 240-600 m in their lifetime [17]. The Aedes aegypti mosquito
is found in urban areas and breeds mostly in containers that have been constructed by humans.

When it comes to DHF and other diseases carried by the Aedes aegypti mosquito, the closeness of
mosquito vector breeding sites to human settlement is a significant vulnerability factor. The main approach to
regulating or preventing DHF virus transmission is now the control or eradication of mosquito vectors
(vectors) [31]. Therefore, the variables related to the potential location for mosquitoes to breed are public
facilities which of course have containers (i.e. road, educational facilities, and office area). Wanti et al. [32],
[33] was concluded that the container conditions related to the incidence of DHF. The influence of
population density variables, distance to highways, educational facilities radius, office area radius, and land
use on the spread of dengue fever in two ways, namely prevention of mosquito breeding such as: i)
preventing mosquitos from accessing egg-laying habitats through environmental management and
modification; ii) removing artificial man-made habitats that can hold water and properly disposing of solid
waste; iii) weekly covering, emptying, and cleaning of domestic water storage containers; and iv) applying
appropriate insecticides to outdoor water storage containers and personal protection from mosquito bite (i.e.
window screens, repellents, insecticide-treated materials, coils, and vaporizers). Due to the fact that the
principal mosquito vectors bite continuously throughout the day, these precautions must be performed both
inside and outside the home (e.g., at work/school). It is recommended that people should wear clothes that
minimises the exposure of your skin to mosquitoes [31].

The presence of distant health facilities has a significant impact on this study, accounting for 24% of
the total. There are three approaches to overcoming this factor. The first is community engagement (i.e.,
educating people about the dangers of mosquito-borne diseases, engaging people in order to increase
participation and mobilisation for long-term vector control), the second is reactive vector control (i.e., health
authorities may use emergency vector control measures such as space spraying insecticides during
outbreaks), and proactive vector control such as: i) to determine the effectiveness of control interventions,
active monitoring and surveillance of vector abundance and species composition should be carried out; and
ii) active screening of sentinel mosquito collections will be used to track the prevalence of virus in the
mosquito population in the future) [31]. In recent years, developments in geographic information systems
(GIS) technology have made it possible to anticipate DHF outbreaks on a local and regional scale with
greater accuracy than ever before. A greater knowledge of the relationship between DHF spatial and temporal
distributions has resulted, as has an increased interest in epidemic prediction modelling and other related
fields.

4. CONCLUSION

Spatial temporal modelling techniques, such as GIS-AHP, can be used to display and model the
spatial relationship between cases and disease. In part, this is due to the powerful application of geographic
information systems (GIS) technology to visualise and understand temporal and spatial distributions based on
ecological determinants. Spatial temporal modelling can aid in understanding the distribution of dengue
outbreaks in space and time. AHP assists the decision maker in making the correct decision by indicating the
importance of the decision, and inconsistency will appear if the decision is incorrect. As demonstrated by the
GIS-AHP utilised in this study, all selected decision criteria with various weights satisfy the Consistency
Ratio. As a result, they are considered acceptable and consistent for DHF vulnerability mapping in Gorontalo
Regency.

There are no medically approved therapies for DHF at the present time. The only way to treat this
condition is to discover an appropriate breeding location, such as a vector, and destroy it. Therefore, the
current research focuses on some of the closely connected environmental elements that are responsible for
DHF outbreaks, as well as GIS-based spatial analysis for the purpose of identifying vulnerabilit zones.

Dengue hemorrhagic fever (DHF) vulnerability assessment and mapping in ... (Ririn Pakaya)
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According to the findings, the Gorontalo Regency dominated low-class vulnerability in general. A technique
similar to the one utilised in the current study might be used to assess transmissible disease vulnerability
zonation, which would aid in refining surveillance stratagems for DHF and other vector-borne diseases in
order to stimulate prevention and control actions.
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Figure 3. Flow chart of AHP procedure
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