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ABSTRACT:  

Background: Hand-Foot-and-Mouth Disease (HFMD) is most frequently caused by Enterovirus71 (EV-A71) or Coxsackie virus 

A16 (CV-A16), infants and young children are at greatest risk. Describing the spatial patterns of HFMD can help develop and better 

target interventions. The objective of this study is to identify spatial patterns of HFMD in the first 8-months of 2023 in Ho Chi Minh 

city, Vietnam. Methods: The global Moran’s I statistic, Moran’s I scatterplot and local Moran’s I statistic and Boxplot will be 

applied to study spatial patterns of HFMD. Spatial patterns including spatial clusters (high-high and low-low) and spatial outliers 

(low-high and high-low) will be identified for HFMD cases and HFMD infection rates. Results: three high-high spatial clusters 

were mainly distributed in districts in the western region of the city such as Binh Tan, Binh Chanh, and Tan Phu. These high-high 

spatial clusters belonged to districts having the highest rates of HFMD infections in the city with their corresponding rates of 289, 

283 and 281 cases/100,000 inhabitants, respectively. On the other hand, two low-low spatial clusters were detected in Districts 1 

and 5 in the city center with their HFMD infection rates of 190 and 209 cases/100,000 inhabitants, respectively. Conclusions : 

findings in this study support the usefulness of boxplots, local and global Moran's I statistics, and Moran's I scatterplots in the 

identification of spatial clusters and spatial outliers of HFMD. 
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1. INTRODUCTION 

As early as 1957, the characteristic symptoms of fever, vesicular rash on hands and feet caused by Coxsackievirus (CV), primarily 

CVA16, was first reported in Toronto (1,2). In 1959, “hand-foot-and-mouth disease (HFMD)” was initially used to name a disease. 

HFMD is a viral illness commonly seen in young children under 5 years of age, characterized by typical manifestations such as oral 

herpes and rashes on the hands and feet (3). Over the past few decades, HFMD outbreaks caused by Enterovirus A71 (EV-A71), 

CVA16, CVA6 and Echoviruses (Echo) were reported frequently around the world (4). HFMD is caused by Human enteroviruses 

(EVs) that are members of the Enterovirus genus of the Picornaviridae family (5). EVs were initially classified into Poliovirus (PV), 

Echo, CV-A and B, and emerging EVs. Since 1999, EVs have been divided into four categories of Enterovirus A, B, C, and D, in 

the light of their molecular, biological, and genetic characteristics (3). The HFMD disease was generally mild and lasted less than a 

week in most cases, characterized by fever, a blister-like rash on the hands and feet, and oral ulcers caused by ruptured blisters in 

the mouth (6). Therefore, HFMD has become a significant concern for public health throughout the Asia-Pacific region including 

Vietnam and beyond (3). 

HFMD-related data relates to geographical locations which have a spatial and geographic dimension and can be considered a type 

of spatial object. Such epidemiological data as HFMD can be studied using spatial statistics (7). Spatial statistic is an essential tool 

to examine the spatial pattern of spatial objects (8). Following this idea of Tobler’s First Law of Geography, widely used statistics 

for spatial auto-correlation analysis such as global spatial statistics (Moran's I, Getis-Ord G* and Geary’s C) and local indicators of 

spatial association (LISA) have been successfully employed in epidemiological studies (9–12) in general, and in the study of the 

spread of COVID-19 (13–15) and HFMD (16,17) in particular. For example, a study on spatiotemporal analysis and hotspots 

detection of COVID-19 in southern, northern and western Europe was carried out using spatial statistics (18). Local Moran’s I 

autocorrelation coefficient, Getis-Ord General-G high/low clustering, and Getis-Ord Getis-Ord’s  Gi
∗ statistic were emloyed to study 

spatio-temporal COVID-19 spread over Oman (19). For HFMD studies, a lots of attempts have been put into the use of spatial 

statistics in studies of the spread of HFMD. For instance, spatio-temporal distribution and hotspots of HFMD were successfully 

carried out in in northern Thailand (20). Spatial clustering and changing trend of hand-foot-mouth disease were identified during 

2008-2011 in China (21). GIS has been also used to map HFMD reported cases for the whole of Sarawak. In that study, thematic 
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Map of HFMD based on division was later produced (22). In 2014, a study has been conducted for a temporal and spatial mapping 

of HFMD that covered 13 all divisions of Sarawak. This study focused on reported cased of HFMD from the year 2006 until 2012. 

It wasfound that there was no significant clustering was detected (23). Subsequently in the year 2016, with the objective to identify 

the spatial spreading pattern of HFMD for urban divisions and non-urban Inverse Distance Weighted was used to interpolate the 

reported HFMD cases for the whole of Sarawak to identify the high-risk pattern of HFDM (24). 

The aim of this study is to investigate the spatial patterns of HFMD the first 8 months of 2023 in Ho Chi Minh city, Vietnam. The 

global Moran’s I statistic, Moran’s I scatterplot and local Moran’s I statistic and Boxplot will be applied to study spatial patterns of 

HFMD. Spatial patterns including spatial clusters (high-high and low-low) and spatial outliers (low-high and high-low) will be 

identified for HFMD cases and HFMD infection rates in Ho Chi Minh city. 

 

2. MATERIALS AND METHODS 

2.1. Materials and study area 

Since the beginning of 2023, certain districts in the city have witnessed a high incidence rate of HFMD infections per 100,000 

people such as Binh Tan, Binh Chanh, Tan Phu, District 6, and District 8 (25). According to Ho Chi Minh City's health sector, the 

HFMD epidemic has increased rapidly and may last another 3-4 months since August, 2023. In particular, the time students returning 

to school will coincide with the second peak of the HFMD epidemic. In the most recent week (week 27th), the city recorded 1,614 

HFMD cases, showing an alarming increase of almost 2.5 times compared to the average of 716 cases reported four weeks earlier 

(25). HFMD has emerged in Vietnam since 2003 in which Ho Chi Minh City is particularly a southern city with the highest cases 

and mortality numbers of HFMD in the whole country (26). Therefore, analysis of spatial patterns of HFMD in the city plays an 

important role in the control of the disease. Data used in this study were collected in Ho Chi Minh City during the first 8 months of 

2023. 

2.2. Methods  

This study used the global Moran's I statistic to determine where the HFMD was spatially clustered on a global scale (27,28). The 

definition of the global Moran's I statistic is expressed  in equation (1): 

I =
n

S0

∑ ∑ Wij(xi − x̅)(xj − x̅)n
j=1

n
i=1

∑ ∑ Wij
n
j=i

n
i=1 ∑ (xi − x̅)2n

i=1

 (1) 

where xi and xj are the HFMD for districts i and j; x̅ is the mean of the HFMD and be given by x̅ = ∑
xi

n

n
i=1 ; n is the total number of 

districts in the whole study area; and Wij is a (n × n) spatial weight matrix (29).  

The interval [-1, +1] contains the values of the global Moran's I coefficient.  (29). Positive values of Moran's I result from the data's 

positive spatial autocorrelation, whereas Moran's I values are negative when there is a negative spatial autocorrelation (30). Global 

Moran's I coefficient values close to zero demonstrate that there is no geographical autocorrelation or randomness in the HFMD 

distribution. 

The overall existence or absence of spatial autocorrelation is reflected by the global Moran's I. The regional Moran's I statistic was 

used to quantify the spatial clustering of low and high number of HFMD in each district (29). The local Moran’s I statistic (Ii) of 

HFMD at district i is given by the following equation (31): 

Ii =
(xi − x̅)

σ2
∑ Wij(xj − x̅)

N

j#i,j∈Ji

 (2) 

where xi, xj, x̅, and Wij are defined in equation (1); N is the total number of neighborhood districts (29); Ji denotes the 

neighborhood set of HFMD at district i; j#i implies that the sum of all (xj − x̅) of nearby neighbourhood districts of district i but not 

including xj; and σ2 is the variance of x, given in equation (3). In this study, Wij defines neighbor connectivity and is constructed 

using first order of contiguity. 

σ2 =
1

N
∑(xi − x̅)

N

j=1

 (3) 

Local Moran's I statistics show the degree of spatial clustering of HFMD in each district. Similar to the global Moran’s I statistic, 

the local Moran’s I value at district i (Ii) also ranges between -1 and +1. There is no spatial autocorrelation of HFMD if the local 

Moran's I coefficient at district i equals zero (Ii = 0). If Ii> 0 then there will be a positive spatial autocorrelation of HFMD (29). If 

Ii< 0 then there will be a negative spatial autocorrelation of HFMD. A high positive Ii shows the district i has a similarly high or 

low number of HFMD cases as its neighbors and called the ‘‘spatial cluster’’(30) (Figure 1). In this case, when there is a positive 

local spatial autocorrelation, the local Moran's I statistic indicates two types of spatial clusters for HFMD 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 I statistic when there is a negative local spatial autocorrelation (Figure 1). 
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Figure 1. Spatial clusters and spatial outliers. 

 

The statistical significance of Moran’s I statistic can be tested if  Ii follows the normal distribution, the Z-scores can be determined 

as follows:  

ZIi
= −

Ii − E(Ii)

√Var(Ii)
 

(4) 

where: E(Ii) and Var(Ii) are the arithmetic expectation and variance of the Moran statistic at district i, respectively, and are expressed 

using by the following equations:: 
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h=1
h≠i

n
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With the help of the spatial statistics software, GeoDA, developed by (32), a randomization test with 999 permutations was used in 

this work to testing for the significance spatial autocorrelation statistics. A total of 999 permutations were used to create and test 

spatial autocorrelation statistics at the significance level of 0.05.  

 

3. RESULTS AND DISCUSSIONS 

3.1. Analysis of distribution of HFMD 

The histogram and map of HFMD per 100,000 population were shown in Figure 2. Data from Figure 2 (left) demonstrate that the 

distribution of HFMD cases per 100,000 population for each district. In the first 8 months of 2023, five districts having the high 

HFMD infection rates included Binh Tan (289 cases/100,000 people), Binh Chanh (283 cases/100,000 inhabitants), Tan Phu (281 

cases/100,000 inhabitants), Nha Be (272 cases/100,000 inhabitants) and District 12 (264 cases/100,000 inhabitants). Meanwhile, 

five districts having low HFMD infection rates included Can Gio (152 cases/100,000 inhabitants), Cu Chi (158 cases/100,000 

inhabitants), Phu Nhuan (163 cases/100,000 inhabitants), District 3 and 4 with 181 cases/100,000 inhabitants. Data from the 

pecentile map in Figure 1 (right) illustrate that districts having high HFMD infection rates were mainly concentrated in the central 

and western and southwest areas of Ho Chi Minh city. The latest data shows that, from August 14, 2023 to August 20, 2023, a total 
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of 1,869 HFMD cases was reported. The number of HFMD have decreased. In this period, districts with a high number of cases per 

100,000 inhabitants include Binh Tan, Binh Chanh and Tan Phu. Districts having low HFMD infection rates were mainly distributed 

in the north, east and south areas of the city. Meanwhile, districts having medium HFMD infection rates were mainly distributed in 

the administrative center of the city. 

  

Figure 2. Histogram (left) and map of HFMD distribution in Ho Chi Minh city, Vietnam. 

 

Summary of statistical descriptives on HFMD cases and infection rates are shown in Table 1. Data from Table 1 illustrate that, for 

the variable of HFMD cases, the minimum (Min), maximum (Max), mean (Mean) and median (Median) values were 152, 289, 200, 

and 221 cases, respectively. Meanwhile, the interquartile range (IQR) and standard deviation (SDEV) were 59 and 41 cases, 

respectively. For the variable of HFMD infection rates, the minimum, maximum, mean and median values were 113, 2376, 942, 

and 793 (cases per 100.000 inhabitants), respectively. Meanwhile, the interquartile range and standard deviation were 877 and 603 

(cases per 100.000 inhabitants), respectively. Data from Boxplots in Figure 3 illustrates the distribution of HFMD cases and infection 

rates. Data in Figure 3 demonstrate the distribution of data is even on both sides. In particular, the distribution of HFMD infection 

rates was more balanced than that of HFMD infection rates. 

 

Table 1. Summary table of statistical descriptives for HFMD in Ho Chi Minh city.  

Statistical descriptives Min Mean Median Max Q1 Q3 IQR SDEV 

HFMD cases 152 200 221 289 183 242 59 41 

HFMD infection rates 113 942 793 2376 428 1305 877 603 

 

  
Figure 3. Boxplots of HFMD cases (left) and HFMD incidence (right). 
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3.2. Analysis of global spatial patterns of HFMD 

The global spatial patterns of HFMD are shown by the Moran scatterplots as shown in Figure 3. Data from the Moran scatterplot 

illustrates that global Moran’s statistics for HFMD cases and HFMD infection rates were 0.17 and 0.195, respectively. The 

coefficients of global Moran’s I statistic were greater than 0 indicating that, overall, there existed a positive spatial correlation in 

the city. Positive spatial autocorrelation means that geographically nearby values of a variable tend to be similar on a map: high 

number of HFMD cases tend to be located near high number of HFMD cases, medium values near medium values, and low values 

near low values. It can be seen from Figure 4 that the Moran’s scatter plot on the right has a higher degree of dispersion than those 

on the left. 

  
Figure 4. Moran’s I scatterplots of HFMD cases (left) and HFMD incidence (right). 

3.3. Analysis of local spatial patterns of HFMD 

Statistical descriptives of LISA clusters are summarized in Table 2. Data from Table 2 illustrate that, in the case of using data on 

HFMD cases, the minimum, maximum, mean and median values of LISA were -0.68, 0.16, 0.09 and 0.88, respectively. Meanwhile, 

the interquartile range and standard deviation were 0.53 and 0.36, respectively. In case of using data on HFMD infection rates, the 

minimum, maximum, mean and median values of LISA were -2.1, 0.19, 0.14, and 1.34, respectively. The corresponding values of 

interquartile range and standard deviation were 0.4 and 0.64, respectively. Data from Boxplots in Figure 3 illustrates the distribution 

of HFMD cases and infection rates. Data in Figure 5 (right) demonstrate the distribution of data is more concentrated in the center 

of the boxplot than those obtained in Figure 5 (left). 

Table 2. Summary table of statistical descriptives for LISA in Ho Chi Minh city.  

Statistical descriptives Min Mean Median Max Q1 Q3 IQR SDEV 

HFMD cases -0.68 0.16 0.09 0.88 -0.05 0.48 0.53 0.36 

HFMD infection rates -2.1 0.19 0.14 1.34 0.01 0.41 0.4 0.64 

 

  
Figure 5. Boxplots of LISA for HFMD cases (left) and HFMD incidence (right). 
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In the case of using HFMD cases, data from the LISA cluster map in Figure 6 (left) demonstrate that a total of 4 spatial clusters 

including three high-high and one low-low clusters were successfully detected and 18 districts with unstatistically significance at 

the level of 0.05. The three high-high spatial clusters were mainly distributed in districts in the northern areas of the city, including 

Hoc Mon (1117 cases with 283 cases/100,000 inhabitants), District 12 (1373 cases with 2264 cases/100,000 inhabitants), và Binh 

Tan (2030 cases with 289 cases/100,000 inhabitants). A low-low spatial cluster was identified in District 5 in the city center with 

only 356 cases and 190 cases/100,000 inhabitants. Similar to those obtained when using data on HFMD cases, in the case of using 

HFMD infection rates, data from the LISA cluster map in Figure 6 (right) illustrate that a total of 4 spatial clusters including three 

high-high and one low-low clusters were also successfully detected and 18 districts with unstatistically significance at the level of 

0.05. In this case, the three high-high spatial clusters were mainly distributed in districts in the western areas of the city, namely 

Binh Chanh (283 cases/100,000 inhabitants with 1294 cases), Binh Tan (289 cases/100,000 inhabitants with 2030 cases, and Tan 

Phu (281 cases/100,000 inhabitants with 1305 cases. A low-low spatial cluster was identified in District 1 in the city center with 

209 cases/100,000 inhabitants and 428 cases. 

  
Figure 5. LISA map of HFMD cases (left) and HFMD incidence (right). 

 

According to the above analysis results, three high-high spatial clusters were mainly distributed in districts in the western region of 

the city such as Binh Tan, Binh Chanh, and Tan Phu. These high-high spatial clusters belong to districts hving the highest rates of 

HFMD infections in the city with their corresponding rates of 289, 283 and 281 cases/100,000 inhabitants, respectively. On the 

other hand, two low-low spatial clusters were detected in Districts 1 and 5 in the city center with their HFMD infection rates of 190 

and 209 cases/100,000 inhabitants, respectively. 

 

4. CONCLUSIONS 

In summary, this objective of this studyis to pinpoint the geographic distribution of HFMD during the first eight months of 2023 in 

Ho Chi Minh City, Vietnam. The global Moran’s I statistic, Moran’s I scatterplot and local Moran’s I statistic and Boxplot were 

successfully applied to study spatial patterns of HFMD. Spatial patterns including spatial clusters (high-high and low-low) and 

spatial outliers (low-high and high-low) were identified for HFMD cases and HFMD infection rates. It was found that the incidence 

of HFMD was not randomly distributed, with global and local spatial autocorrelations. Three high-high spatial clusters were mainly 

distributed in districts in the western region of the city such as Binh Tan, Binh Chanh, and Tan Phu. These high-high spatial clusters 

belonged to districts having the highest rates of HFMD infections in the city with their corresponding rates of 289, 283 and 281 

cases/100,000 inhabitants, respectively. On the other hand, two low-low spatial clusters were also detected in Districts 1 and 5 in 

the city center with their HFMD infection rates of 190 and 209 cases/100,000 inhabitants, respectively. The results of this study 

confirm the effectiveness of boxplots, local and global Moran's I statistics, and Moran's I scatterplots in the identification of spatial 

clusters and spatial outliers of HFMD. To develop novel methods for HFMD control, more consideration should be given to the 

epidemiological and spatiotemporal aspects of the disease. At urban-rural intersections and in kindergartens, health issues should 
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be highlighted in particular. In addition, new strategies and methods must be developed and more attention paid to the 

epidemiological and spatiotemporal characteristics of HFMD so that control measures can be improved. 
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