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ABSTRACT:

Background: Dengue hemorrhagic fever is a notable vector-borne viral disease, currently becoming the most dreaded worldwide
health problem in terms of the number of people affected. The objective of this study is to investigate spatial clustering of dengue
hemorrhagic fever incidence in the first 9-months of 2023 in Ho Chi Minh city, Vietnam.

Methods: the global Moran’s I statistic, Moran’s I scatterplot and local statistic were employed to spatial clusters (high-high and
low-low) and spatial outliers (low-high and high-low) in the study area of Ho Chi Minh city. The first and third order of contiguity
were used to constructe spatial weight matrix.

Results: it was found from a case study of the first 9-months of 2023 in Ho Chi Minh city, a total of four high-high clusters, two
low-low spatial clusters were detected in urban area and rural areas in the north and south of the Ho Chi Minh city, respectively
when using the first order contiguity (statistically significance at the 0.05 level). For the case of using the third order of contiguity,
a total of six high-low, two low-high spatial clusters and one low-low spatial cluster were successfully identified.

Conclusions: the study results has proven the effective use of the global Moran’s I statistic, Moran’s I scatterplot and local Moran’s
| statistic in the identification of spatial clustering of dengue hemorrhagic fever incidence.
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1. INTRODUCTION

Dengue is the leading cause of human arboviral disease worldwide. Dengue viruses (DENV) of the family Flaviviridae and
genus Flavivirus, co-circulate as four antigenically related serotypes (DENV-1, =2, =3, and —4) (1). The clinical manifestations of
dengue include dengue hemorrhagic, dengue hemorrhagic fever (DHF), and the most severe and potentially fatal dengue shock
syndrome (2). It has been demonstrated that in endemic and hyper-endemic locations, more instances of dengue hemorrhagic fever
develop from a dengue epidemic, which often correlates to more fatalities, especially if patients obtain medical care too late or the
cases are managed inappropriately (3). However, because not all epidemics of dengue involve dengue hemorrhagic fever (4), it
would help save lives if we knew the epidemiological conditions associated with the emergence of severe epidemics involving more
dengue hemorrhagic fever cases and the overall risk patterns of total dengue cases (2).

By identifying the locations of outbreaks, disease mapping can efficiently target high-risk areas for early prevention and control
(5,6) Geographical information systems (GIS) and statistical analysis of spatial characteristics of a disease have made it possible to
identify clustering of cases and link the dynamics of the clustering with geographic locations that carry specific risk factors
advantageous for the sources of infection (for example, mosquito breeding sites) and for the spread of infection (for example, vector
exposure) (7-9). It is therefore, GIS techniques have been widely applied on disease mapping such as mapping the COVID-19
pandemic (10-12). For example, numerous efforts have been undertaken to examine the COVID-19 pandemic from a geographical
viewpoint, such as the assessment of the COVID-19 hotspot in Kolkata, India, utilizing the Getis-Ord G statistic and regionally
weighted principal component analysis to determine the effects of living environment deprivation (13). In order to analyze the
regional and temporal differentiation characteristics and the contributing elements that influenced the COVID-19 epidemic spread
in mainland China, exploratory spatial data analysis and the geodetector approach were also used (14). Another study in China
looked at the COVID-19 pandemic's spatial clustering traits in Beijing using spatial autocorrelation analysis (15). Furthermore,
spatial autocorrelation analysis has been successfully used in COVID-19 investigations in several nations, including the United
States, to look into the spatiotemporal interaction effect of COVID-19 transmission (16), to determine the relationship between
chronic air pollution and COVID-19 mortality in England (17), to investigate spatial autocorrelation patterns across five waves of
COVID-19 in Catalonia, Spain (18), and to perform a spatiotemporal analysis of Italian COVID-19 outbreak (19). Moreover, studies
using geographic information systems (GIS) have mapped the regional clustering patterns of dengue cases and examined the

IJHMR, Volume 2 Issue 9 September 2023 www.ijhmr.com Page 289



https://doi.org/10.58806/ijhmr.2023.v2i9n06
http://www.ijhmr.com/

Spatial Clustering Analysis of Dengue Hemorrhagic Fever in The First 9-Months of 2023 in Ho Chi Minh City, Vietnam

relationships between these patterns and pertinent entomological parameters (6,20,21) and environmental conditions (22), and have
determined the dengue and vector distributions' spatial-temporal diffusion patterns (21,23).

This study aimed to analyze the spatial clustering of dengue hemorrhagic fever incidence. The global Moran’s I statistic, Moran’s |
scatterplot and local statistic will be employed to investigate spatial clusters (high-high and low-low) and spatial outliers (low-high
and high-low) in Ho Chi Minh city. In addition, the first and third order of contiguity were also used to constructe spatial weight
matrix in the identification of spatial clustering of dengue hemorrhagic fever.

2. MATERIALS AND METHODS

2.1. Materials

Data used in this study were collected in Ho Chi Minh City during the first 9 months of 2023. The number of dengue hemorrhagic
fever cases per 100,000 population was shown in Figure 1. Data from Figure 1 shows districts with high number of cases were
mainly concentrated in the city's administrative center. The districts with a high number of dengue hemorrhagic fever infections per
100,000 people include District 1 (154 cases with 45 cases/100.000 population), Phu Nhuan (125 cases with 47 cases/100.000
population), District 5 (90 cases with 44 cases/100.000 population), District 3 (80 cases with 36 cases/100.000 population), and
District 11 (72 cases with 33 cases/100.000 population). Districts with low infection rates include Can Gio (67 cases with zero
cases/100.000 population)), Nha Be (115 cases with 1 cases/100.000 population), and Binh Chanh (131 cases with 1 case/100.000
population).
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Figure 1. Map of dengue hemorrhagic fever incidence in 2023 in Ho Chi Minh city, Vietnam.

2.2. Methods
This study employed global Moran's | statistic to identify the spatial clustering of dengue hemorrhagic fever incidence at global
scale (24,25). The definition of the global Moran's | statistic is expressed in equation (1):

12?:1 2= Wi (% — 2)(xj — %) 1)
So Xiti 2 Wy Xik, (x — X)?
where x; and x; are the dengue hemorrhagic fever incidence for district i and district j; X is the mean of the dengue hemorrhagic

[ =

fever incidence and be given by X = ?:1%? n is the total number of districts in the whole study area; and Wj; is a (n X n) spatial

weight matrix (26).

The range of values of global Moran’s I coefficient is in the interval [-1, +1] (26). Positive values of Moran's | result from the data’s
positive spatial autocorrelation, whereas Moran's | values are negative when there is a negative spatial autocorrelation (27). The
absence of spatial autocorrelation or random in the distribution of dengue hemorrhagic fever incidence is shown by values of the
global Moran's | coefficients that are near to zero.
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The global Moran’s I reflects the presence or lack of spatial autocorrelation as a whole. The regional Moran's I statistic was used to
quantify the spatial clustering of low and high dengue hemorrhagic fever incidence in each district (26). The local Moran’s I statistic
(I;) of dengue hemorrhagic fever incidence at district i is given by the following equation (28):

(x; — %) N _
Ii = 02 Z Wl] (X] - X) (2)
j#ijEl;
where x;, x;, X, and Wj; are defined in equation (1); N is the total number of neighborhood districts (26); J; denotes the
neighborhood set of dengue hemorrhagic fever incidence at district i; j#i implies that the sum of all (x; — X) of nearby neighbourhood
districts of district i but not including x;; and o? is the variance of x, given in equation (3). W;; defines neighbor connectivity and
can be constructed using first order and third of contiguity (Figure 2).

N
1
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The level of spatial clustering of dengue hemorrhagic fever incidence at each district is indicated by local Moran's | statistic. Similar
to the global Moran’s I statistic, the local Moran’s I value at district i (I;) also ranges between -1 and +1. There is no spatial
autocorrelation of dengue hemorrhagic fever incidence if the local Moran's | coefficient at district i equals zero (I; = 0). If [;> 0 then
there will be a positive spatial autocorrelation of dengue hemorrhagic fever incidence (26). If I;< 0 then there will be a negative
spatial autocorrelation of dengue hemorrhagic fever incidence. A high positive I; shows the district i has a similarly high or low
number of dengue hemorrhagic fever incidence cases as its neighbors and called the ‘‘spatial cluster’’(27). In this case, when there
is a positive local spatial autocorrelation, the local Moran's | statistic indicates two types of spatial clusters for dengue hemorrhagic
fever incidence cases, including: high-high spatial clusters and low-low spatial clusters. Low-high and high-low clusters are also
two forms of spatial outliers that are identified using the local Moran's | statistic when there is a negative local spatial autocorrelation.

L

Figure 2. Map of neighbor connectivity using first order (left) and third (right) of contiguity in the study area of Ho Chi
Minh city, Vietnam.

3. RESULTS AND DISCUSSIONS

3.1. Analysis of Moran’s I scatterplot

Data from Moran scatter plots in Figure 3 illustrates the degree of globally spatial autocorrelation of dengue hemorrhagic fever in
the case of using two different types of spatial weight matrices — the first and the third order of contiguity. The global Moran's |
values were 0.559 and -0.420 corresponding with the use of the first order (Figure 3, left) and third order (Figure 3, right) of
contiguity method, respectively. It was found that the first order method produces results with higer correlation coeffient when
comparing with that of the first order method. This shows a higher degree of spatial autocorrelation between dengue hemorrhagic
fever incidence for method of the first order of contiguity.
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Figure 3. Moran’s I scatterplots of dengue hemorrhagic fever incidence using first order (left) and third (right) of contiguity.

3.2. Analysis of spatial clustering of dengue fever incidence

Spatial clusters of dengue hemorrhagic fever incidence obtained from local Moran’s I is shown in Figure 4 for the first order of
contiguity,. Data from Figure 4 (left) shows that there were four high-high clusters, two low-low spatial clusters, no low-high and
high-low spatial outliers, and 16 districts and town with unsignificant spatial clustering. In which, six high-high clusters were mainly
distributed in the central area of Ho Chi Minh city where the population density is dense. Two low-low spatial clusters were
distributed in rural areas in the north and south of the city. Data from Figure 4 (right) demonstrate that high-high and low-low spatial
clusters were statistically significant with at the level of 0.05, of which five spaital clusters at the significant level of 0.05, four
spatial clusters clusters at the significant level of 0.01 and only two spatial clusters at the significant level of 0.001. Both the left
and right images in Figure 4 show that high-high spatial clusters were statistically significant at level of 0.01. These high-high
spatial clusters were totally concentrated in four urban districts where a high number of dengue hemorrhagic fever incidence was
confirmed in 2023 including District 1 (154 cases with 45 cases/100.000 population), District 3 (80 cases with 36 cases/100.000
population), District 5 (90 cases with 44 cases/100.000 population), and District 10 (70 cases with 29 cases/100.000 population).
Two low-low spatial clusters were detected in sub-urban districts including Hoc Mon (68 cases with 01 case/100.000 population )
and Nha Be (115 cases with 01 case/100.000 population).
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Figure 4. Spatial clustering of dengue hemorrhagic fever incidence using first order of contiguity: cluster map (left) and
significance map (right).
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Spatial clusters of dengue hemorrhagic fever incidence obtained from the third order method is shown in Figure 5. Contrary to
those obtained from the case of using the first order of contiguity, data from Figure 5 data (left) shows that no high-high spatial
clusters were detected. In this case, six high-low, two low-high spatial clusters and one low-low spatial cluster were successfully
identified, in which 13 districts were found with statistical unsignificance. Six high-low clusters were mainly detected urban districts
in the central area of Ho Chi Minh city. A low-low spatial clusters was also found in the centre of the city. Two low-high spatial
clusters were mainly distributed in the suburban area of the north and south of the city. Data from Figure 5 (right) illustrates that
one low-low spatial cluster, six high-low and two low-high spatial outliers were statistically significant at the level of 0.05, in which
five clusters were statistically significant at the level of 0.05. Four clusters were statistically significant at the level of 0.01. And no
high-high spatial clusters were detected at statistical significance of of 0.001. The spatial clustering of dengue hemorrhagic fever
incidence from Figure 5 (left) illustrates that high-low spatial clusters were mainly concentrated in urban districts where high number
of dengue hemorrhagic fever incidence were reported, including District 11 (72 cases with 33 cases/100.000 population), District
10 (70 cases with 29 cases/100.000 population), District 3 (80 cases with 36 cases/100.000 population), District 4 (58 cases with 27
cases/100.000 population), and District 5 (90 cases with 44 cases/100.000 population). Two low-high spatial outliers were in sub-
urban districts including Hoc Mon (68 cases with 01 case/100.000 population ) and Nha Be (115 cases with 01 case/100.000
population).
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Figure 5. Spatial clustering of dengue hemorrhagic fever incidence using third order of contiguity: cluster map (left) and
significance map (right).

4. CONCLUSIONS

This study is set out to investigate spatial clustering of dengue hemorrhagic fever incidence in 2023 in Ho Chi Minh city. Spatial
clusters (high-high and low-low) and spatial outliers (low-high and high-low) was identified using the global Moran’s I statistic,
Moran’s I scatterplot and local statistic. Additionally, the first and second order of contiguity were also employed to constructe
spatial weight matrix. It was found from a case study of Ho Chi Minh city in 2023, when using the first order contiguity, four high-
high clusters, two low-low spatial clusters were successfully detected in urban area and rural areas in the north and south of the Ho
Chi Minh city, respectively. For the case of using the third order of contiguity, a total of six high-low, two low-high spatial clusters
and one low-low spatial cluster were successfully identified. The study results has proven the effective use of the global Moran’s I
Statistic, Moran’s I scatterplot and local Moran’s I statistic in the identification of spatial clustering of dengue hemorrhagic fever
incidence.
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