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Abstract 

Background: Hand, foot, and mouth disease (HFMD) is a common pediatric illness mostly caused by Coxsackievirus 
A16 (CV-A16) and Human Enterovirus 71 (EV-A71). HFMD has grown significantly over the last 20 years, and it has 
drawn a lot of attention. To better understand of the epidemiology of HFMD, this study aims to investigate the use of 
Getis-Ord’s 𝐺𝑖

∗ statistic in the identification of hotspots and coldspots of HFMD in Ho Chi Minh city, Vietnam.

Methods: Getis-Ord’s 𝐺𝑖
∗ statistic was first applied to identify hotspots and coldspots of HFMD incidence including high-

high, low-low spatial clusters. HFMD cases and infection rates collected in Ho Chi Minh were then used to explore the 
spatial clusters of HFMD Finally, the main findings will be discussed and summarised.  

Results: It was found that the large number of hand, foot and mouth disease cases were mainly concentrated in the 
western area of Ho Chi Minh City. A total of 04 hotspot clusters and 05 coldspots of HFMD infection rate were detected 
in the 29th week of 2024  in the west, center and north of Ho Chi Minh City, respectively. Whereas, 06 hotspots and 04 
coldspots of HFMD infection rate were detected in the 30th week of 2024 in the west, south and center of Ho Chi Minh 
City, respectively. 

Conclusions: The results of this investigation confirm the value of Getis-Ord's 𝐺𝑖
∗ statistic in the detection of hotspots

and coldspots associated with confirmed cases of HFMD. 

Keywords: Getis-Ord’s statistic; Hotspots; Coldspots; Spatial distribution, Hand; Foot and mouth diseases; Ho Chi Minh 
city, Vietnam 

1. Introduction

Hand, foot and mouth illness (HFMD) has gotten to be an endemic childhood infection. Its fundamental etiologic 
operators are human enterovirus 71 (EV-A71) and Coxsackievirus 16 (CV-A16) (1). As early as 1957, the characteristic 
indications of fever, vesicular hasty on hands and feet caused by Coxsackievirus (CV), essentially CVA16, was to begin 
with detailed in Toronto (2,3). In the last few decades, reports of HFMD epidemics worldwide attributed to Enterovirus 
A71 (EV-A71), CVA16, CVA6, and Echoviruses (Echo) have been commonplace (4). The symptoms of HFMD sickness 
were fever, a rash resembling blisters on the hands and feet, and oral ulcers brought on by burst blisters in the mouth. 
The condition was generally minor and typically lasted less than a week (5). Globally, HFMD outbreaks have been 
documented, and within the past ten years, Western Pacific countries have seen numerous HFMD epidemics (6–9). 
HFMD poses a risk to public health in Asia, specifically in Singapore(10,11), Malaysia (11,12), Japan (13) and Vietnam 
(14–16). Numerous studies have been reported that HFMD has grown to be a serious public health issue in the Asia-
Pacific area and beyond (17). 
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Geographical places are the subject of HFMD-related data since they are a kind of spatial object with a spatial dimension. 
Spatial statistics are a useful tool for studying epidemiological data such as HFMD (18). A crucial tool for analyzing the 
spatial pattern of spatial objects is a spatial statistic (19). In accordance with Tobler's First Law of Geography, 
epidemiological research have effectively used commonly 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) (20–23) 
in general, and in the investigation of COVID-19's transmission (24–26) and HFMD (27,28) in particular. Spatial 
statistics, for instance, were used in a study on the spatiotemporal analysis and hotspot detection of COVID-19 in 
southern, northern, and western Europe (29). The spatiotemporal COVID-19 spread over Oman was studied using the 
local Moran's I autocorrelation coefficient, Getis-Ord General-G high/low clustering, and Getis-Ord's statistic (30). 
Spatial analysis has been widely used in HIV/AIDS research, aside from the applications of Getis-Ord's statistic on HFMD 
studies, to identify high-risk and spatiotemporal clusters, evaluate the geographic distribution of infections, and 
investigate the spatial relationship between HIV/AIDS and social factors (31,32). Understanding the long-term patterns 
and spatial clustering of HIV/AIDS cases can be accomplished with the help of spatial analysis. Policymakers and public 
health experts can use spatial analysis to acquire scientific viewpoints for creating focused countermeasures 
(33).  Furthermore, geographic information systems (GIS) and other geospatial analytical techniques are crucial for 
comprehending the nature and reasons behind regional variations in HIV prevalence (34). However, there are still very 
few geographically explicit studies on HIV/AIDS in sub-Saharan Africa, despite the notable increase in the use of such 
geospatial tools in understanding public health problems, designing and executing treatments, and assessing their 
effectiveness (35,36).  

Controlling hand, foot, and mouth infections heavily depends on knowledge about the spatial distribution, hotspots, and 
coldspots of HFMD confirmed cases. Thus, this study was conducted to identify hotspots and coldspots of HFMD using 
Getis-Ord's 𝐺𝑖

∗ statistic collected in the final two weeks of July 2024 in Ho Chi Minh City, Vietnam. The Getis-Ord’s 𝐺𝑖
∗ 

statistic is then employed to measure spatial auto-correlation between the incidence of HFMD confirmed cases, and 
then identify hotspots and coldspots of HMFD cases. Spatial distribution of these hotspots and coldspots will be mapped 
with the help of a GIS. Finally, the main findings will be discussed and summarised. 

2. Data used and methods 

2.1. Data used  

An HFMD outbreak occurred in 2023 Ho Chi Minh City. Districts of 6, 8, 12, Tan Phu, Binh Tan, and Binh Chanh had high 
incidence rates of HFMD illnesses per 100,000 people (37). The health department of Ho Chi Minh City reports that the 
HFMD pandemic has grown quickly and could continue for an additional three to four months after August 2023. In 
particular, the second peak of the HFMD outbreak will fall around the time that students return to school. According to 
reports, the city saw 1,614 HFMD cases, which is a concerning increase of about 2.5 times when compared to the average 
of 716 instances that were reported four weeks prior (37). In this study, a datasets of HFMD cases and HFMD incidence 
were collected in Ho Chi Minh City collected in the last 2 weeks of July 2024 in Ho Chi Minh City to investigate the use 
of Getis-Ord's 𝐺𝑖

∗ statistic in the identification of hotspots and coldspots of HFMD in Ho Chi Minh city, Vietnam. 

2.2. Methods  

The degree to which a variable is linked with itself spatially is expressed by spatial autocorrelation. Tobler's First Law 
of Geography, which asserts that "everything is related to everything else, but near things are more related than distant 
things" (38). One of the core ideas of spatial analysis is spatial autocorrelation (39). It deviates from the independent 
observation assumption of classical statistics by describing the correlation among values of a single variable that is only 
attributable to their relatively close locational positions on a two-dimensional surface (40). When a variable exhibits 
positive spatial autocorrelation, its values that are geographically close to one another on a map tend to be similar: high 
values are typically found close to high values, medium values are close to medium values, and low values are close to 
low values. When data with similar values are clustered together, there is positive spatial autocorrelation. When 
observations with different values are closer together, negative spatial autocorrelation takes place (i.e., scattered). In a 
regression model, spatial autocorrelation can be measured by adding an autoregressive parameter, indexed, or filtered 
out of variables. Indices are a useful tool for quantifying spatial autocorrelation. Indexes that condense the degree to 
which comparable observations tend to occur close to one another across the study region can be used to evaluate 
spatial autocorrelation. Two common indices that are used to assess spatial autocorrelation in areal data are Moran’s I 
statistic (41) and Getis-Ord's 𝐺𝑖

∗ statistic (42).  

Spatial autocorrelation and cluster analysis are two techniques for examining spatial trends and identifying hotspots 
(43).  An location with a higher concentration of occurrences than would be predicted from a random distribution of 
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events is called a hotspot (44). The past few decades have seen a significant increase in the use of hotspot analysis in 
public health and epidemiological research, as well as in other disciplines (for example, crime mapping and research 
contribute significantly to the literature on hotspot analysis). This increase has been primarily attributed to the 
development of Geographic Information Systems (GIS)-based software (45–47). The examination of spatial 
autocorrelation examines the degree of similarity between values that are closer to one another (48). Global and local 
indications of spatial connection can be identified using spatial autocorrelation measurements (21). The incidence rates 
were subjected to spatial autocorrelation analysis in order to determine if the cases were dispersed randomly 
throughout space and, if not, to assess the statistical significance of any spatial illness clusters that were found (49). A 
circumstance suggesting a type of clustering in a spatial distribution is called a hotspot (49). Hotspot analysis is based 
on the Getis-Ord’s 𝐺𝑖

∗ statistic. By examining each feature in relation to its surrounding characteristics, hotspot analysis 
characterizes the presence of hotspots (high clustered values) and coldspots (low clustered values) over a given area 
(44). Hotspot can distinguish between high- and low-value clusters. It is, therefore, the counties with the highest and 
lowest numbers of HFMD confirmed cases were determined using the Getis-Ord’s 𝐺𝑖

∗ statistic (18,50). The form of Getis-
Ord’s 𝐺𝑖

∗ statistic is defined as follows (51):  

𝐺𝑖
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where: the Getis-Ord’s 𝐺𝑖
∗ statistic is computed for the number of HFMD confirmed cases at county i; 𝑥𝑖 , 𝑥𝑗 , �̅�, and 𝑊𝑖𝑗  

are defined in equation (1); and 𝑁 is the total number of neighborhood counties as defined in equation (2). 𝑊𝑖𝑗  can be 

constructed using the methods of the first order and second of contiguity. In this study, adjacency to compute  𝑊𝑖𝑗   is 

defined using the first order of continuity. 

The Getis-Ord’s 𝐺𝑖
∗ coefficient at county i (𝐺𝑖

∗) varies from -1 to +1. If 𝐺𝑖
∗ > 0 and p(𝐺𝑖

∗) < α then A high-high value spatial 
clustering is present (18,50). In this case, these extremely high readings, also referred to as "hotspots," indicate the 
existence of a large number of HFMD confirmed case  among county i and its neighborhood counties (𝑗 ∈ 𝐽𝑖). Whereas, 
if 𝐺𝑖

∗ < 0 and p(𝐺𝑖
∗) < α then a low-low value spatial clustering is present (18,50). These extremely low scores are referred 

to as "coldspots," signifying a dearth of confirmed cases of HFMD among county i and its neighborhood counties (𝑗 ∈ 𝐽𝑖). 
If the value of 𝐺𝑖

∗close zero and p(𝐺𝑖
∗) < α then there will be neither hotspots nor coldspots or random distribution of 
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HFMD confirmed cases (50). Random clusters of cases can also affect how quickly an infectious disease spreads (49). 
The output from Getis-Ord’s 𝐺𝑖

∗ statistic identifies spatial clusters of high values (hotspots) and spatial clusters of low 
values (cold spots). If the dataset has a highly skewed distribution, the test is not successful. It is, therefore, testing for 
the significance of the Getis-Ord’s 𝐺𝑖

∗  statistic in this study was also carried out by a randomization test using 999 
permutations. In this work, with the help of the spatial statistics software, GeoDA, developed by (52), The test for the 
spatial autocorrelation statistics was examined using a randomization test. 999 permutations were used to create and 
test spatial auto-correlation statistics at the significance level of 0.05. The null hypothesis can be rejected when the p-
value is extremely little since it indicates that there is a very small probability (small likelihood) that the observed 
spatial pattern is the product of random processes (49). 

3. Results and discussion 

3.1. Spatial distribution of the incidence of HFMD confirmed cases 

Data from Map in Figure 1 shows the spatial distribution of the incidence of HFMD confirmed cases in the last 2 weeks 
of July 2024 in Ho Chi Minh City. The spatial distribution of the incidence of HFMD confirmed cases collected in the 27th  
week of 2024 is divided into five ranges: very low (less than 55 cases/100,000 people), low (from 55 cases/100,000 
people to 72 cases/100,000 people), medium (from 72 cases/100,000 people to 87 cases/100,000 people), high (from 
87 cases/100,000 people to 134.2 cases/100,000 people) and very high (from 134.2 cases/100,000 people to 142 
cases/100,000 people). It can be seen from the spatial distribution of hand, foot and mouth disease cases in Figure 1 
(left) that the large number of hand, foot and mouth disease cases were mainly concentrated in the western area of Ho 
Chi Minh City, typically in Binh Chanh (142 cases/100,000 people) and Nha Be (137 cases/100,000 people). The average 
infection rate was distributed in the eastern and northern areas of the city such as Cu Chi (89 cases/100,000 people), 
Thu Duc (87 cases/100,000 people) and Binh Tan (122 cases/100,000 people). The low infection rate is concentrated 
in the central and southern areas of the city, typically Phu Nhuan (55 cases/100,000 people), Hoc Mon (72 
cases/100,000 people), District 3 (72 cases/100,000 people) and Can Gio (78 cases/100,000 people). 

 

Figure 1 Spatial distribution of the incidence of hand, foot and mouth diseases in Ho Chi Minh city, Vietnam. 

The spatial distribution of the incidence of HFMD cases collected in 30th week of 2024 is shown in Figure 1 (right) and 
is also classified into five ranges: very low (less than 60 cases/100,000 people), low (from 60 cases/100,000 people to 
76.1 cases/100,000 people), medium (from 76.1 cases/100,000 people to 93 cases/100,000 people), high (from 93 
cases/100,000 people to 137.9 cases/100,000 people) and very high (from 137.9 cases/100,000 people to 152 
cases/100,000 people). It can be seen from the spatial distribution map of hand, foot and mouth disease cases in Figure 
1 (right) that, in this week, the large number of hand, foot and mouth disease cases was still mainly concentrated in the 
western area of Ho Chi Minh city, typically in Binh Chanh (152 cases/100,000 people) and Nha Be (140 cases/100,000 
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people). The average infection rate was distributed in the eastern, northern and surrounding areas of the city center 
such as Thu Duc (97 cases/100,000 people), Cu Chi (93 cases/100,000 people), Tan Phu (93 cases/100,000 people) and 
District 1 (93 cases/100,000 people). The low infection rate this week is still concentrated in the central and southern 
areas of the city, typically Phu Nhuan (60 cases/100,000 people), District 3 (74 cases/100,000 people) or Hoc Mon (77 
cases/100,000 people). 

3.2. Analysis of spatial distribution of hotspots and coldspots of HFMD incidence 

The results of hotspot identification from the HFMD infection rate in Ho Chi Minh City for the 29th week of 2024 are 
shown in Figure 2. Data from the Getis-Ord cluster map Figure 2-left shows that a total of 04 hotspot clusters and 05 
coldspots of HFMD infection rate were detected in the west, center and north of Ho Chi Minh City, respectively. 
Specifically, 04 hotspot clusters were detected in districts with the following corresponding infection rates: Binh Chanh 
(142 cases/100,000 people), Binh Tan (122 cases/100,000 people), District 8 (133 cases/100.000 people) and District 
7 (103 cases/100 people). Five coldspot clusters were detected in Cu Chi (93 cases/100,000 people), Tan Binh (84 
cases/100,000 people), Go Vap (82 cases/100,000 people), Phu Nhuan (55 cases/100,000 people) and District 1 (90 
cases/100,000 people). Some districts had high infection rates but no hotspots detected, such as Nha Be (137 
cases/100,000 people) or District 6 (118 cases/100,000 people). Meanwhile, some districts have low infection rates but 
no coldspots detected, such as District 3 (72 cases/100,000 people) or Can Gio and Go Vap (78 cases/100,000 people). 
Data from Figure 2-right shows the spatial distribution of statistical significance (p-value) achieved by the local Getis-
Ord index for each district in Ho Chi Minh City. The statistical significance levels are shown on a 4-point scale from not 
achieving statistical significance (p-value > 0.05) and achieving statistical significance at levels 0.05, 0.01 and 0.001. 
Data from Figure 2 (right) shows that there are local Getis-Ord indexes achieving significance at level 0.05 detected in 
the central and northern districts of the city such as Cu Chi, Binh Tan, Go Vap, Phu Nhuan and District 1. Meanwhile, 
Binh Chanh, District 8, District 7 and Tan Binh. 

 

Figure 2 Spatial distribution of hotspots and coldspots (left) and significant (right) maps of HFMD confirmed cases in 
the 29th week in 2024 in Ho Chi Minh city, Vietnam. 
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Figure 3 Spatial distribution of hotspots and coldspots (left) and significant (right) maps of HFMD confirmed cases in 
the 30th week in 2024 in Ho Chi Minh city, Vietnam. 

The dentification of hotspot obtained from the HFMD infection rate in Ho Chi Minh City for the 30 th week of 2024 are 
shown in Figure 3. Data from the Getis-Ord cluster map Figure 3-left shows that a total of 06 hotspots and 04 coldspots 
of HFMD infection rate were detected in the west, south and center of Ho Chi Minh City, respectively. Specifically, 06 
hotspot clusters were detected in the western and southwestern districts of the city with the corresponding infection 
rates as follows: Hoc Mon (77 cases/100,000 people), Binh Chanh (152 cases/100,000 people), Binh Tan (128 
cases/100,000 people), District 8 (137 cases/100,000 people), District 7 (106 cases/100,000 people) and Nha Be (140 
cases/100,000 people). Some districts have high infection rates but no hotspots are detected such as District 6 (123 
cases/100,000 people) and District 5 (99 cases/100,000 people). Four coldspot clusters were detected in the city center, 
namely in Go Vap (82 cases/100,000 people), Tan Binh (84 cases/100,000 people), Phu Nhuan (60 cases/100,000 
people) and District 11 (93 cases/100,000 people). Meanwhile, some districts with low infection rates did not detect 
coldspots, such as District 3 (72 cases/100,000 people) or Can Gio and Go Vap (78 cases/100,000 people). Data from 
Figure 3-right shows the spatial distribution of statistical significance (p-value) achieved by the local Getis-Ord index 
for each district in Ho Chi Minh City in the 30th week of 2024. The statistical significance levels are also presented on a 
4-point scale from not reaching statistical significance (p-value > 0.05) to reaching statistical significance at the levels 
of 0.05, and 0.01. Data from Figure 3 (right) show that there are local Getis-Ord indices reaching the significance level 
at the 0.05 level detected in the central districts of the city such as Hoc Mon, Go Vap, Phu Nhuan, and District 1. 
Meanwhile, Binh Chanh, District 8, Tan Binh, and District 7. 

4. Conclusion 

This study aims to investigate the use of Getis-Ord’s 𝐺𝑖
∗ statistic in the identification of hotspots and coldspots of HFMD 

in Ho Chi Minh city, Vietnam. Getis-Ord’s 𝐺𝑖
∗  statistic was first applied to identify hotspots and coldspots of HFMD 

incidence including high-high, low-low spatial clusters. HFMD cases and infection rates collected in Ho Chi Minh were 
then used to explore the spatial clusters of HFMD Finally, the main findings will be discussed and summarised. Study 
results show that the large number of hand, foot and mouth disease cases were mainly concentrated in the western area 
of Ho Chi Minh City. A total of 04 hotspot clusters and 05 coldspots of HFMD infection rate were detected in the 29th 
week of 2024  in the west, center and north of Ho Chi Minh City, respectively. Whereas, 06 hotspots and 04 coldspots of 
HFMD infection rate were detected in the 30th week of 2024 in the west, south and center of Ho Chi Minh City, 
respectively. In summary, this study's findings support the usefulness of Getis-Ord's 𝐺𝑖

∗ statistic for identifying hotspots 
and coldspots associated to HFMD confirmed cases. 
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