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Abstract

Background: Distribution of infectiousdisease location based on Geographic Information System (GIS) is considered as
an infrastructure in the field of health in formation managment and also known as a fundamental issue in the field of
new tachnologies in police medicine. The aim of this article is to carry out a study on spatial distribution of infectious
diseases based on a normal Q-Q plot and GIS. Case studies from hand, foot, mouth diseases (HFMD) and dengue
hemorrhagic fever (DHF) will be illustrated in Ho Chi Minh city (Vietnam).

Methods: The normal Q-Q plot was firstly constructed to study the distribution of HFMD and DHF cases and HFMD and
DHF incidence. A GIS was then employed to map the spatial distribution of the HFMD and DHF incidence. Finally, the
study results in Ho Chi Minh city was discussed and concluded.

Results: It was found that (i) the observed values from HFMD/DHF cases were mostly not on the expected straight line
of the normal distribution in the normal Q-Q plot (ii) The high HFMD/DHF infection rate were mainly concentrated in
the center of the city. The highest infection rate area was found in District 1, followed by districts District 5, District 3,
District 11 and District 11. Whereas, districts having low HFMD/DHF infection rates included District 9, Nha Be, Cu Chi
and Can Gio.

Conclusions: Findings in this study indicated that the combination of a normal Q-Q plot and a GIS is an effective tool to
monitor and control the various infectious diseases.

Keywords: Spatial distribution; Geographic Information System; Normal Q-Q plot; Hand; foot; Mouth diseases; Dengue
hemorrhagic fever; Ho Chi Minh City; Vietnam.

1. Introduction

An infection process is the interaction of a pathogenic microorganism with a macro organism under certain
environmental and social conditions (1). Microorganisms causing infectious diseases parasites on host and persist due
to continuous reproduction of new generation which change their properties in accordance with evolution of the
environment conditions. Human activities are the most potent factors driving disease emergence. Main factors are
social, economic, political, climatic, technologic, environmental factors, shape, disease patterns and influence emergence
(1). A recent study has shown that travel is a potent force in the emergence of disease. Migration of humans has been
the pathway for disseminating infectious diseases throughout recorded history and will continue to shape the
emergence, frequency, and spread of infections in geographic areas and populations (2). It is therefore, understanding
and responding to disease emergence require a global perspective, conceptually and geographically.
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In this ever increasingly complex world, it is no surprise that the problems that face public health researches are
becoming more and more intricate to solve. A cross-disciplinary approach may be one of the ways to discover new
methods. Recently, GIS has emerged as an important component of many projects in public health and epidemiology
(1,3,4). Epidemiologists have traditionally used maps when analyzing associations between location (5), environment
(6), and disease (7). GIS has been used in the surveillance and monitoring of vector-borne diseases, water-borne
diseases, in environmental health, analysis of disease policy and planning, health situation in an area, generation and
analysis of research hypotheses, identification of high-risk health groups, planning and programming of activities, and
monitoring and evaluation of interventions. GIS enabled researchers to locate high prevalence areas and populations at
risk, identify areas in need of resources, and make decisions on resource allocation. Good epidemiology science and
good geographic information science go hand in hand. Many development agencies and government institutions are
exploring Health GIS in India (8). However, the sheer size of our country, varied life styles, climatic zones and
environmental conditions make it all the more important for India to have a health GIS.

Studies on the geographical distribution of diseases can be categorized into three main classes: disease mapping, disease
clustering and ecological analysis (9). GIS-based disease mapping depends on identifying a number of aspects, the most
important of which are locations of disease occurrence, patterns of disease spread, environmental risk factors that lead
to disease spread and socio-economic data, in order to analyze spatial relationships within the affected area (10). Hand,
foot, and mouth diseases is primarily transmitted via the fecal-oral route, respiratory droplets, contact with blister fluid
of infected individuals, or general close contact with infected individuals (11-14). Most cases of HFMD are mild and
patients are able to recover quickly; however, there are some severe cases and even some deaths (15). 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 (16). HFMD outbreaks have been reported
worldwide, and Western Pacific countries have reported outbreaks of HFMD many times over the last decade (17-20).
In Asia, HFMD is a threat to public health; in Singapore (21,22), Malaysia (22,23), Japan (24) and Vietnam (25-27). It
has been reported many times, with large numbers of cases 20-25. Therefore, HFMD has become a significant concern
for public health throughout the Asia-Pacific region and beyond (28). Apart from HFMD, dengue is also the leading
cause of human arboviral disease worldwide. With the help of GISs, several studieshave mapped the regional clustering
patterns of dengue cases and examined the relationships between these patterns and pertinent entomological
parameters (29-31) and environmental conditions (32), and have determined the dengue and vector distributions’
spatial-temporal diffusion patterns (31,33).

The objective of this study was to employ a normal Q-Q plot and a Geographic Information System (GIS) to study on
spatial distribution of infectious diseases, HFMD and DHF in Ho Chi Minh city (Vietnam). The normal Q-Q plot was firstly
constructed to study the distribution of HFMD and DHF cases and HFMD and DHF incidence. A GIS was then employed
to map the spatial distribution of the HFMD and DHF incidence. Finally, the study results was discussed and concluded.

2. Study areas and materials

In Vietnam, dengue hemorrhagic fever is still a dangerously developing arboviral illness. DHF is endemic in Vietnam,
with an estimated 1.6 million cases occurring annually in urban and periurban areas (34). Previous studies have shown
that all four DENV serotypes had circulated in Vietnam at some point, with DENV-1 and DENV-2 being the most often
detected serotypes, as is normal in hyperendemic nations (35). Until 2018, Ho Chi Minh City and the surrounding areas
were dominated by the DENV-1 subtype (36). Ho Chi Minh City was in a significant DENV outbreak in 2022; the Ho Chi
Minh Centre for Disease Control reported 78,561 cases of dengue there between January 1 and December 11 (37). It
was reported in a study, during 2005, 764 children were brought to a large children’s hospital in Ho Chi Minh City,
Vietnam, with a diagnosis of hand, foot, and mouth disease (38). In this study, to study on spatial distribution of
infectious diseases (HFMD and DHF) based on a normal Q-Q plot and GIS, datasets of HFMD and DHF cases in 2023 were
collected from the Center for Disease Control of Ho Chi Minh City (HCDC) .

2.1. Methods

2.1.1. The normal Q-Q plot

The normal Q-Q plot, or quantile-quantile plot, is a graphical tool to help us assess if a set of data plausibly came from
some theoretical distribution such as a normal or exponential. A normal Q-Q plot s a scatterplot created by plotting two
sets of quantiles against one another. If both sets of quantiles came from the same distribution, the points forming a line
that's roughly straight. A normal Q-Q plot compares the distribution of two sets of data. In most cases, a probability
plot will be most useful. A probability plot compares the distribution of a data set with a theoretical distribution.
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Figure 1 Normal Q-Q plot example

To construct the normal Q-Q plot the data values are firstly ordered and cumulative distribution values are calculated
as (i-0.5)/n for the ith ordered value out of n total values (this gives the proportion of the data that falls below a certain
value). A cumulative distribution graph is produced by plotting the ordered data versus the cumulative distribution
values (Figure 1). The same process is done for a standard normal distribution (a Gaussian distribution with a mean of
0 and a standard deviation of 1, shown in Figure 1). Once these two cumulative distribution graphs have been generated,
data values corresponding to specific quantiles are paired and plotted in a Q-Q plot as shown in Figure 1.

Points on the normal Q-Q plot provide an indication of univariate normality of the dataset. If the data is normally
distributed, the points will fall on the 45-degree reference line. If the data is not normally distributed, the points will
deviate from the reference line. The quantile values of the standard normal distribution are plotted on the x-axis in the
normal Q-Q plot, and the corresponding quantile values of the dataset are plotted on the y-axis. It can be seen that the
points fall close to the 45-degree reference line.

2.1.2. Geographic Information System (GIS)

A GIS contains four types of information and computer files: geographic, map, attribute, and data-point files. In general,
modeling involves the integration of GIS with standard statistical and health science methods. Spatial interaction models
analyze and predict the movements of people, information, and goods from place to place. By accurately modeling these
movements, it is possible to identify areas most at risk for disease transmission and thus target intervention efforts
(1). Spatial diffusion models analyze and predict the spread of phenomena over space and time and have been widely
used in understanding spatial diffusion of diseases. By incorporating a temporal dimension, these models can predict
how diseases spread, spatially and temporally, from infected to susceptible people in an area. Spatial variation in health
related data is well known, and its study is a fundamental aspect of epidemiology. Representation and identification of
spatial patterns play an important role in the formulation of public health policies. GIS is an effective tool to monitor
and control the various infectious diseases. A number of papers discuss the applications of GIS in controlling,
monitoring, and surveillance of infectious diseases (9,32).

One of the most fundamental steps in map creation is the transformation of information from the surface of a globe onto

a flat map. Mapmakers have developed and used hundreds of different map projections over the past 2,000 years, yet
there is no perfect choice because every map projection uniquely alters some aspect of space during the transformation
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process (39). Detailed information about the type, amount, and distribution of distortion is essential for choosing the
best projection for a particular map or data set.

In Geographic Information System, a map projection is any of a broad set of transformations employed to represent the
curved two-dimensional surface of a globe on a plane (40). In a map projection, coordinates, often expressed
as latitude and longitude, of locations from the surface of the globe are transformed to coordinates on a plane (41,42).
Projection is a necessary step in creating a two-dimensional map and is one of the essential elements of cartography.
All projections of a sphere on a plane necessarily distort the surface in some way and to some extent (43).

The Universal Transverse Mercator (UTM) is a map projection system for assigning coordinates to locations on the
surface of the Earth. Like the traditional method of latitude and longitude, it is a horizontal position representation,
which means it ignores altitude and treats the earth surface as a perfect ellipsoid. However, it differs from global
latitude/longitude in that it divides earth into 60 zones and projects each to the plane as a basis for its coordinates.
Specifying a location means specifying the zone and the %, y coordinate in that plane. The projection from spheroid to a
UTM zone is some parameterization[disambiguation needed] of the transverse Mercator projection. The parameters
vary by nation or region or mapping system. Most zones in UTM span 6 degrees of longitude, and each has a designated
central meridian. The scale factor at the central meridian is specified to be 0.9996 of true scale for most UTM systems
in use (44,45).

Central meridian

Imaginary secant cylinder

Figure 2 The UTM projection in a GIS

The WGS 84 spatial reference system describes Earth as an oblate spheroid along north-south axis with an equatorial
radius of a« = 6378.137 km and an inverse flattening of 1/f = 289.257223564. Let's take a point of latitude ¢ and of
longitude ¢ and compute its UTM coordinates as well as point scale factor k and meridian convergence y using a
reference meridian of longitude A,. By convention, in the northern hemisphere Ny, = 0 km and in the southern
hemisphere N, = 10000 km. By convention also k; = 0.9966 and E, = 500 km. The following formulas will be used to
change from latitude, longitude (¢, A) to UTM coordinates (E, N).

3
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where: E is Easting, N is Northing, k is the Scale Factor, and y is the grid convergence.
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3. Results and discussion

3.1. Analysis of distribution of HFMD and DHF cases and incidence

Regarding DHF infections, it was reported that districts with the number of infections greater than 100 cases include
District 1 (154 cases), Binh Chanh (131 cases), District 8 (128 cases), Binh Thanh (125 cases) and Nha Be (115 cases).
Districts with an average number of infections ranging from 80 to 90 cases include District 5 (90 cases), District 6 (89
cases), Cu Chi (88 cases), District 2, District 9, Tan Binh and Thu Duc ( 94 cases) and District 3 (80 cases). Districts
having a low number of HFMD cases (less than 70 cases) included District 7 and District 10 (70 cases), Hoc Mon (68
cases), Can Gio (67 cases), District 4 (58 cases) and Go Vap ( 55 cases). Regarding DHF infections, statistics showed that
districts having a large number of infections (over 40 cases) included District 8 (56 cases), Binh Chanh (54 cases),
District 6 (53 cases), District 2, District 9, Thu Duc (46 cases), District 1 (43 cases) and District 11 (41 cases). Districts
having an average number of DHF cases ranging from 30 to 40 cases include District 10, Tan Binh, Hoc Mon (40 cases),
District 3 and Nha Be (35 cases), District 5, District 12 and Binh Thanh ( 34 cases), District 7 (33 cases) and Cu Chi (30
cases). Districts having a low number of DHF cases (less than 30 cases) include District 4 (29 cases), Go Vap and Phu
Nhuan (26 cases) and Can Gio (24 cases).

The normal Q-Q plot in Figure 3-a presents the distribution of HFMD cases. Data from Figure 3 illustrate that the
observed values from HFMD cases were mostly not on the expected straight line of the normal distribution. This proves
that the data on HFMD cases does not follow the normal distribution. However, compared with the observed values
obtained by HFMD cases, the observed values of DHF cases tended to concentrate on the expected straight line of the
normal distribution. This proves that the data is normally distributed.
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Figure 3 Normal Q-Q plots of HFMD and DHF cases in Ho Chi Minh city.

The normal Q-Q plots in Figure 4 illustrate the distribution of HFMD (Figure 4-a) and DHF (Figure 4-b) infection rates.
The data in Figures 4-a and 4-b both demonstrate that the observed values of the HFMD and DHF infection rates were
mostly not on the expected straight line of the normal distribution presenting that the variable of HFMD cases was not
normally distributed.
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Figure 4 Normal Q-Q plots of HFMD and DHF incidence in Ho Chi Minh city.

3.2. Analysis of spatial distribution of HFMD and DHF incidence
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Figure 5 Map of HFMD and DHF incidence in Ho Chi Minh city
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The map shown in Figure 5 illustrate the spatial distribution of two infectious diseases, HFMD and DHF, which were
collected in Ho Chi Minh City. The data in Figure 5 demonstrate that high DHF infection rates were mainly concentrated
in the center of the city. Specifically, these areas of high infection rates were concentrated in the central districts of the
city in order from highest to lowest as follows. The highest DHF infection rate were found in District 1 (45,054), followed
by districts such as District 5 (44,163), District 3 (36,170), District 11 (33,408) and District 11 (33,408). Data from the
map shown in Figure 5 illustrate that high infection rates were mainly concentrated in the central districts of the city.
In contrast, districts having low HFMD infection rates appeared mainly in suburban districts in the north, south, east,
and west districts of the city. Districts having low DHF infection rates include District 9 (1.0962), Nha Be (0.7188), Cu
Chi (0.5130) and Can Gio (0.0556).

Similar to those obtained when using the variable of DHF infection rates, data in Figure 5 also illustrate that a high
proportion of HFMD cases occured mainly in the urban districts in the center of the city. Specifically, they were
concentrated in the central districts of the city in order from highest to lowest as follows. The area of the highest DHF
infection rate were found in District 1 (12,5801), followed by districts such as District 5 (16,6838), District 3 (15,8245),
District 11 (19,024) and District 11 (18,6406). Districts having low HFMD infection rates were mainly in suburban
districts such as District 9 (0.6003), Nha Be (0.21875), Cu Chi (0.1749) and Can Gio (0.01992).

4., Conclusion

The purpuse of this study is to perform a study on spatial distribution of infectious diseases based on a normal Q-Q plot
and GIS. Case studies from hand, foot, mouth diseases (HFMD) and dengue hemorrhagic fever (DHF) will be illustrated
in Ho Chi Minh city (Vietnam). The normal Q-Q plot was firstly constructed to study the distribution of HFMD and DHF
cases and HFMD and DHF incidence. A GIS was then employed to map the spatial distribution of the HFMD and DHF
incidence. Finally, the study results in Ho Chi Minh city was discussed and concluded. It was found that, firstly, the
observed values from HFMD/DHF cases were mostly not on the expected straight line of the normal distribution in the
normal Q-Q plot. Secondly, The high HFMD/DHF infection rate were mainly concentrated in the center of the city. The
highest infection rate area was found in District 1, followed by districts District 5, District 3, District 11 and District 11.
Whereas, districts having low HFMD/DHF infection rates included District 9, Nha Be, Cu Chi and Can Gio. It can be
concluded that the study results indicated the combination of a normal Q-Q plot and a GIS is an effective tool to monitor
and control the various infectious diseases.
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