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ABSTRACT: In order to better understand the epidemiology of the hand, foot, and mouth diseases disease, this study intends to 

investigate the application of the global and local Moran's I statistic in the detection of spatial autocorrelation analysis of hand, foot, 

and mouth diseases during the 29th and 30th week of July 2024 in Ho Chi Minh City, Vietnam. Methods: The global and local 

Moran's I statistics (LISA) were used to analyze the spatial clusters of hand, foot, and mouth disease, including spatial clusters 

(high-high and low-low) and spatial outliers (low-high and high-low). Results: the city's central and northern districts had the 

medium prevalence of these diseases. The southern part of the city has the lowest prevalence of hand, foot, and mouth disease. The 

city's west, center, and south were found to include the high-high, low-low spatial clusters, and low-high spatial outliers, respectively. 

Conclusions : The results of the investigation demonstrated how well LISA worked when examining the spatial clustering of 

diseases associated with hand, foot, and mouth syndrome. 

KEY WORDS : Spatial clustering, the global and local Moran's I statistic, local clusters, hand, foot, and mouth disease, Ho Chi 

Minh city. 

 

INTRODUCTION  

Children today frequently suffer from hand, foot, and mouth diseases. Its principal etiologic agents are Coxsackievirus 16 (CV-

A16) and Human Enterovirus 71 (EV-A71) (1). It is now common for children to have hand, foot, and mouth diseases. Human 

enterovirus 71 (EV-A71) and Coxsackievirus 16 (CV-A16) are its primary etiologic agents (2,3). Global reports of outbreaks of 

hand, foot, and mouth disease (HFMD) caused by Enterovirus A71 (EV-A71), CVA16, CVA6, and echoviruses have been common 

throughout the past few decades (4).  

Data on hand, foot, and mouth disease and other epidemiological datasets can be examined using spatial statistical techniques (5). 

A spatial statistic is an essential tool for examining the spatial pattern of spatial objects (6). Tobler's First Law of Geography states 

that epidemiological studies have successfully employed widely-used statistics for spatial auto-correlation analysis, including local 

indicators of spatial association (LISA) and global spatial statistics (Moran's I, Getis-Ord G*, and Geary's C) (7–10) in general, and 

in the study of the spread of hand, foot and mouth diseases (11–13) and the spatial distribution of hand, foot, and mouth disease 

(14,15) in particular. One of the first research on this subject was carried out in China, the study used SaTScan 9.4.2 to determine 

the epidemiological characteristics and the temporal and spatial distribution of hand, foot, and mouth disease in Guangxi between 

2008 and 2015 (16). The LISA was successfully applied in Qinghai Province, China, to investigate the spatial clusters and 

epidemiological features of hand, foot, and mouth disease. Numerous attempts have been made to use spatial statistics in research 

on the hand, foot, and mouth diseases that spread. For instance, northern Thailand has seen the success of studies on the 

spatiotemporal distribution and hotspots of hand, foot, and mouth disease (17). In order to identify the high-risk pattern of hand, 

foot, and mouth disease, the reported cases of the disease for the full state of Sarawak were interpolated later in 2016 using the 

Inverse Distance Weighted technique. Determining the disease's geographic spread pattern for both urban and non-urban divisions 

was the aim (18). 

The purpose of this study was to examine how hand, foot, and mouth disease incidence in Ho Chi Minh City is spatially clustered. 

The spatial autocorrelation analysis of hand, foot, and mouth diseases were examined using the global and local Moran's I statistic. 

The first and second order of contiguity will be used to identify the spatial clusters, which include spatial clusters (high-high and 

low-low) and spatial outliers (low-high and high-low). 

2.1. Materials and study area 

Hand, foot, and mouth disease 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 hand, foot, and mouth disease in the whole country (19). Several districts in the city, 

such as Binh Tan, Binh Chanh, Tan Phu, District 6, and District 8, have seen a high rate of hand, foot, and mouth disease infections 
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per 100,000 inhabitants since 2024 (20). There has been a rapid outbreak of hand, foot, and mouth diseases, according to Ho Chi 

Minh City's health sector. As a result, analyzing the geographic clustering of hand, foot, and mouth diseases in metropolitan areas 

is crucial to controlling the disease. The study's data were collected in Ho Chi Minh City on the 29th and 30th week of July 2024. 

 

METHODS 

This study employed the global and local Moran's I statistic to determine the spatial clustering of hand, foot, and mouth disease at 

global and local scale (21,22). The definition of the global Moran's I statistic is shown in the following equation:  
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where 𝑥𝑖 and 𝑥𝑗 are the number of new hand, foot and mouth confirmed cases for district i and district j; 𝑥̅ is the mean of hand, foot 

and mouth cases 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 (23).  

The values of the global Moran's I coefficient range from -1 to +1 (23). Global Moran's I values are positive in the presence of 

positive geographic autocorrelation in the data, and negative in the presence of negative spatial autocorrelation (24). A global 

Moran's I coefficient value of zero suggests that there is neither geographic autocorrelation nor a random distribution of the hand, 

foot, and mouth epidemic. 

The global Moran's I indicates whether spatial autocorrelation is present overall or not. The regional Moran's I statistic was used to 

quantify the spatial clustering of low and high hand, foot, and mouth pandemic levels in each district (23). The following formula 

provides the local Moran's I statistic (𝐼𝑖) for the hand, foot, and mouth epidemic at district i (25): 

𝐼𝑖 =
(𝑥𝑖 − 𝑥̅)

𝜎2
∑ 𝑊𝑖𝑗(𝑥𝑗 − 𝑥̅)
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where 𝑥𝑖, 𝑥𝑗, 𝑥̅, and 𝑊𝑖𝑗 are defined in equation (1); 𝑁 is the total number of neighborhood districts (23); 𝐽𝑖 denotes the district's 

hand, foot, and mouth case count from the neighborhood 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). 𝑊𝑖𝑗 defines neighbor connection and is buildable 

with both first- and second-order contiguity. 
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The degree of spatial clustering of the hand, foot, and mouth epidemic at each district is shown by the local Moran's I statistic. The 

local Moran's I value at district i (𝐼𝑖) shares a range of -1 to +1 with the global Moran's I statistic. The hand, foot, and mouth cases 

have no spatial autocorrelation if the local Moran's I coefficient at district I is 0  (𝐼𝑖  = 0). If 𝐼𝑖> 0 then The spatial autocorrelation in 

the hand, foot, and mouth cases will be positive (23). If 𝐼𝑖 < 0 then There will be a negative correlation in the geographic 

autocorrelation of the hand, foot, and mouth cases. A high positive Ii shows the district i has a similarly high or low number of hand, 

foot and mouth cases as its neighbors and called the ‘‘spatial cluster’’(24). 

In this work, Anselin's spatial statistics and a randomization test developed by (26) were used to assess the significance of spatial 

autocorrelation statistics using GeoDA software whereas 999 permutations were used to create and test spatial autocorrelation 

statistics at the significance level of 0.05. 

 

RESULTS AND DISCUSSION 

Spatial distribution of the hand, foot, and mouth disease confirmed cases 

The map in Figure 1 shows the spatial distribution of the incidence of hand, foot, and mouth disease in Ho Chi Minh City collected 

from the 29th week to the 30th week in July 2024. The data in Figure 1 show that the high incidence of hand, foot, and mouth disease 

confirmed cases were found in districts in the west of the city. Medium rates of hand, foot, and mouth disease confirm cases were 

found in districts in the center and north of the city. Meanwhile, low rates of hand, foot, and mouth disease confirmed cases were 

found mainly in the south of the city. 
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Figure 1. Spatial distribution of the incidence of hand, foot and mouth diseases. 

The boxplot in Figure 2 shows the distribution of the incidence of hand, foot, and mouth disease confirmed cases in Ho Chi Minh 

City obtained from the 29th week to the 30th week in July 2024. Data from the both of boxplots show that the data are skewed to the 

right, indicating that the incidence of hand, foot, and mouth disease were more concentrated at high levels. This shows that many 

districts have medium and high hand, foot, and mouth disease rates. 

 
Figure 2. Boxplots of the incidence of hand, foot and mouth diseases. 

Spatial clustering of the hand, foot, and mouth disease confirmed cases  

Data from Moran scatter plots in Figure 3 illustrates the degree of globally spatial autocorrelation of the incidence of hand, foot, 

and mouth disease confirmed cases obtained from the 29th week to the 30th week in July 2024 using the first order of contiguity. The 

global Moran's I values were 0.355 and 0.338 corresponding with the first period (Figure 3, left) and the second period (Figure 3, 

right), respectively. It was found that the value of spatial autocorrelation coefficient in the first period was higher than that obtained 

in the second period. This shows a higher degree of spatial autocorrelation between the incidence of hand, foot and mouth diseases 

in the first period. 
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Figure 3. The Moran’s I scatter-plots of the incidence of hand, foot and mouth diseases. 

 
Figure 4. Spatial distribution of local Moran’s I of hand, foot and mouth diseases. 

The results of hand, foot, and mouth disease spatial cluster identification are shown in Figure 4. Overall, the data from the cluster 

map in Figure 4 shows that the clusters are mainly detected in the city center. The changes in spatial clusters from the 29th week to 

the 30th week in July 2024 are as follows: 04 high-high and 04 low-low were detected concentrated in the city center in the 29th 

week. The high-high spatial clusters include Binh Chanh (142 cases/100,000 people), Binh Tan (122 cases/100,000 people), District 

7 (103 cases/100,000 people) and District 8 (133 cases/100,000 people). Four low-low spatial clusters appeared in Phu Nhuan (55 

cases/100,000 people), District 1 (85 cases/100,000 people), Tan Binh (80 cases/100,000 people) and Go Vap (78 cases/100,000 

people). One low-high spatial cluster was detected in Can Gio district with 78 cases/100,000 people. Meanwhile, in the 30th week 

of July 2024, high-high, low-low and low-high clusters still mainly appeared in the west, center and south of the city, respectively. 

Specifically, the five high-high clusters include Nha Be (140 cases/100,000 people), Binh Chanh (152 cases/100,000 people), Binh 

Tan (128 cases/100,000 people), District 7 (106 cases/100,000 people) and District 8 (137 cases/100,000 people). Four low-low 

spatial clusters were found in Phu Nhuan (60 cases/100,000 people), District 1 (93 cases/100,000 people), Tan Binh (84 

cases/100,000 people) and Go Vap (82 cases/100,000 people). Two low-high clusters were detected in Can Gio district with 83 

cases/100,000 people and Hoc Mon with 77 cases/100,000 people. 
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Figure 5. Spatial distribution of the significance of local Moran’s I. 

Data from Figure 5 shows the statistical significance level for each district of Ho Chi Minh City calculated for hand, foot, and mouth 

disease data collected from the 29th week to the 30th week in July 2024. The statistical levels are also shown on a 4-point scale from 

not reaching statistical significance (> 0.05) to achieving statistical significance at levels 0.05, 0.01 and 0.001. Data from Figure 5 

shows that most of the statistical significance levels at levels 0.001 and 0.01 are found in districts in the west and the city center. 

Meanwhile, the statistical significance level of 0.1 is achieved mainly in districts in the south of the city. 

Significant psychosocial impacts of hand, foot, and mouth diseases have been documented in a variety of rural workers and residents. 

According to a different study, there was a decline in the value of local knowledge, unhappiness, sorrow, dread of a new calamity, 

and loss of trust in authorities and control mechanisms following the foot and mouth disease outbreak. A wide range of groups, far 

outside the farming community, were in distress. Human enterovirus 71-related hand, foot, and mouth diseases are severe, quickly 

disseminated, and highly susceptible to sequelae. Certain hazardous consequences may arise, such as impacting a child's nervous 

system. 

 

CONCLUSION 

The goal of this study is to investigate how hand, foot, and mouth diseases are distributed geographically in Ho Chi Minh City, 

Vietnam. The spatial auto-correlation of the spatial clusters of hand, foot, and mouth diseases, comprising spatial clusters (high-

high and low-low) and spatial outliers (low-high and high-low), was measured using the global and local Moran's I statistic. A  case 

study of hand, foot and mouth diseases locally transmitted cases reported in the 29th week to 30th week in July 2024 in Ho Chi Minh 

city has indicated that the city's north and center areas had the median incidence of hand, foot, and mouth diseases. The low 

frequency of hand, foot, and mouth diseases was concentrated in the southern section of the city. The low-high spatial outliers, low-

low spatial clusters, and high-high spatial clusters were discovered to be located in the west, center, and south of the city, respectively. 

The results of the study imply that LISA is a helpful method for examining how hand, foot, and mouth diseases are spatially clustered. 

he results of this study have a significant impact on the fight against diseases of the hands, foot, and mouth which is greatly impacted 

by the findings of this study. 

 

REFERENCES 

1) Koh WM, Bogich T, Siegel K, Jin J, Chong EY, Tan CY, et al. The epidemiology of hand, foot and mouth disease in 

Asia: a systematic review and analysis. Pediatr Infect Dis J. 2016;35(10):e285.  

2) Robinson CR, Doane FW, Rhodes AJ. Report of an outbreak of febrile illness with pharyngeal lesions and exanthem: 

Toronto, summer 1957—isolation of group A coxsackie virus. Can Med Assoc J. 1958;79(8):615.  

3) Clarke M, Hunter M, McNAUGHTON GA, Von Seydlitz D, Rhodes AJ. Seasonal aseptic meningitis caused by 

Coxsackie and ECHO viruses, Toronto, 1957. Can Med Assoc J. 1959;81(1):5.  

4) Bubba L, Broberg EK, Jasir A, Simmonds P, Harvala H, Redlberger-Fritz M, et al. Circulation of non-polio enteroviruses 

in 24 EU and EEA countries between 2015 and 2017: a retrospective surveillance study. Lancet Infect Dis. 

2020;20(3):350–61.  

5) Hoang A, Nguyen T. Identifying Spatio-Temporal Clustering of the COVID-19 Patterns Using Spatial Statistics: Case 

Studies of Four Waves in Vietnam. Int J Appl Geospatial Res. 2022;13(1):1–15.  

HFMD cases in 30th week HFMD cases in 29th week 

http://www.ijhmr.com/


Spatial Autocorrelation Analysis of Infectious Disease: A Case Study from Hand, Foot and Mouth Disease 

IJHMR, Volume 3 Issue 09 September 2024                  www.ijhmr.com                                                           Page 700 

6) Kieu Q-L, Nguyen T-T, Hoang A-H. GIS and remote sensing: a review of applications to the study of the COVID-19 

pandemic. Geogr Environ Sustain. 2021;14(4).  

7) Gonzalez-Rubio J, Najera A, Arribas E. Comprehensive personal RF-EMF exposure map and its potential use in 

epidemiological studies. Environ Res. 2016;149:105–12.  

8) Fecht D, Hansell AL, Morley D, Dajnak D, Vienneau D, Beevers S, et al. Spatial and temporal associations of road 

traffic noise and air pollution in London: Implications for epidemiological studies. Environ Int. 2016;88:235–42.  

9) Alves JD, Abade AS, Peres WP, Borges JE, Santos SM, Scholze AR. Impact of COVID-19 on the indigenous population 

of Brazil: A geo-epidemiological study. Epidemiol Infect. 2021;149:e185.  

10) Şener R, Türk T. Spatiotemporal analysis of cardiovascular disease mortality with geographical information systems. 

Appl Spat Anal Policy. 2021;14(4):929–45.  

11) Xie Z, Qin Y, Li Y, Shen W, Zheng Z, Liu S. Spatial and temporal differentiation of COVID-19 epidemic spread in 

mainland China and its influencing factors. Sci Total Environ. 2020;744:140929.  

12) Aral N, Bakır H. Spatiotemporal pattern of Covid-19 outbreak in Turkey. GeoJournal. 2023;88(2):1305–16.  

13) Zhang P, Yang S, Dai S, Aik DHJ, Yang S, Jia P. Global spreading of Omicron variant of COVID-19. Geospat Health. 

2022;17(s1).  

14) Nguyen HX, Chu C, Nguyen HLT, Nguyen HT, Do CM, Rutherford S, et al. Temporal and spatial analysis of hand, foot, 

and mouth disease in relation to climate factors: a study in the Mekong Delta region, Vietnam. Sci Total Environ. 

2017;581:766–72.  

15) Deng T, Huang Y, Yu S, Gu J, Huang C, Xiao G, et al. Spatial-temporal clusters and risk factors of hand, foot, and 

mouth disease at the district level in Guangdong Province, China. PLoS One. 2013;8(2):e56943.  

16) Li-na J, Yi TAN, Jing W, Pei-jiang PAN, Shu-wu Z, Fei-yu MO. Epidemiological characteristics and temporal-spatial 

clustering of hand, foot and mouth disease in Guangxi from 2008 to 2015. 中华疾病控制杂志. 2017;21(4):340–4.  

17) Samphutthanon R, Kumar Tripathi N, Ninsawat S, Duboz R. Spatio-temporal distribution and hotspots of hand, foot and 

mouth disease (HFMD) in northern Thailand. Int J Environ Res Public Health. 2014;11(1):312–36.  

18) Noraishah MS, Krishnarajah I. Use of GIS mapping for HFMD cases in Sarawak, Malaysia. Int J. 2016;5(10):1937–45.  

19) Thanh TC. Effects OF climate variations ON hand-foot-mouth disease IN HO CHI minh city. Vietnam J Sci Technol. 

2016;54(2A):120.  

20) VietNamNews. HCM City faces burden of hand, foot, mouth disease and dengue fever [Internet]. Available from: 

https://vietnamnews.vn/society/1551273/hcm-city-faces-burden-of-hand-foot-mouth-disease-and-dengue-fever.html 

21) Cliff AD, Ord JK. Spatial processes: models & applications. (No Title). 1981;  

22) Getis A, Ord JK. Local spatial statistics: An overview. Spatial analysis: Modeling in a GIS environment. Longley, P., and 

M. Batty. Wiley, New York; 1996.  

23) Vu D-T, Nguyen T-T, Hoang A-H. Spatial clustering analysis of the COVID-19 pandemic: A case study of the fourth 

wave in Vietnam. Geogr Environ Sustain. 2021;14(4).  

24) Nguyen TT, Vu TD. Identification of multivariate geochemical anomalies using spatial autocorrelation analysis and 

robust statistics. Ore Geol Rev. 2019;111.  

25) Anselin L. Local indicators of spatial association—LISA. Geogr Anal. 1995;27(2):93–115.  

26) Anselin L, Syabri I, Kho Y. GeoDa: an introduction to spatial data analysis. In: Handbook of applied spatial analysis: 

Software tools, methods and applications. Springer; 2009. p. 73–89.  

 

http://www.ijhmr.com/

