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身為醫業一員：
我鄭重地保證將奉獻一切為人類服務；
病人的健康與福祉將為我的首要顧念；
我將會尊重病人的自主權與尊嚴；
我將堅持對人類生命的最高尊重；
我將不容許有任何年齡、殘疾、信念、族群、性別、國籍、政治立場、 種族、性傾向、社會地
位或其它因素的考量介入我的職責和病人之間；
我將尊重寄託給我的秘密，即便在病人身故之後；
我將秉持良心與尊嚴從事醫業，並遵循優良醫療規範；
我將提升醫業的榮譽及高尚傳統；
我將給予我的師長、同業與學生應有的尊重與感謝；
我將分享我的醫療知識，以增進病人福利和醫療照護的進展；
我將注重自身的健康、福祉與能力，以期提供最高標準的照護；
我將不運用我的醫學知識去違反人權與公民自由，即便受到威脅；
我鄭重地，自主地並且以我的人格宣誓以上約定。

World Medical Association Declaration of Geneva, 2017

世界醫師會⽇內瓦宣⾔



Disease outbreaks, endemics, epidemics and 
pandemics
• A disease outbreak is a rise in disease cases over what is normally

expected in a in a defined area, generally over a short period of time,
affecting a specific population group.
• A disease is said to be endemic when it is consistently present at a low

level but limited to a particular region or population.
• An epidemic is a disease which spreads rapidly, affecting a large

number of people within a community, population or region.
• A pandemic is an infectious disease that has spread over multiple

countries or continents at the same time affecting a large number of
people.

Source: https://www.onehealthpoultry.org/disease-outbreaks-endemics-epidemics-and-pandemics/



From Infectious Disease to Contagious Disease

Chowell, G. and Rothenberg, R., 2018. 
Spatial infectious disease epidemiology: 
on the cusp. BMC medicine, 16, pp.1-5.

As the trend of
globalization,
researchers pay
more attention on 
infectious diseases 
than ever because 
of its infection, 
morbidity, and 
mortality nature.



From Infectious Disease to Contagious Disease

• So, from a historical perspective, how does it process?

Chowell, G. and Rothenberg, R., 2018. 
Spatial infectious disease epidemiology: 
on the cusp. BMC medicine, 16, pp.1-5.



Contagious 
Disease

• A contagious disease is an 
infectious disease that is readily spread (that is, 
communicated) by transmission of 
a pathogen through contact (direct or indirect) 
with an infected person.

• The spread of non-contagious communicable 
diseases is changed either very little or not at all 
by medical isolation of ill persons or medical 
quarantine for exposed persons.

• Thus, a "contagious disease" is sometimes 
defined in practical terms, as a disease for which 
isolation or quarantine are useful public health 
responses.

• Negative room pressure is a technique in health 
care facilities based on aerobiological designs.
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Spatial Approaches on Infectious Diseases

• Crowdsource/VGI Mobile Apps

• Digital Contact Tracing
• COVID-19 Contact Tracing
• COVID-19 Data Visualization and Exploratory Data Analysis

• Infectious Diseases Modelling
• Clustering
• Maximum Entropy Modelling (Maxent) Approach
• Susceptible-Infectious-Recovered (SIR) Model

• Hotspot and Coldspot Analysis
Saran, S., Singh, P., Kumar, V. and Chauhan, P., 2020. Review of geospatial technology for infectious disease surveillance: use case on COVID-19. Journal of the 
Indian Society of Remote Sensing, 48, pp.1121-1138.



Spatial Approaches on Infectious Diseases

• Crowdsource/VGI Mobile Apps:

• Definition: Crowdsourcing is the practice of turning to a body of
people to obtain needed knowledge, goods or services.

• These entities rely on the internet, social media and purpose-
built platforms to elicit and receive the knowledge, goods or
services they're seeking.

https://www.techtarget.com/searchcio/definition/crowdsourcing



Spatial Approaches on Infectious Diseases

• Crowdsource/VGI Mobile Apps:

• Benefits and challenges of crowdsourcing:
• Crowdsourcing can give entities access to a wider set of expertise at a

faster pace and at a lower cost than traditional routes. On the other hand,
those entities can't guarantee that the crowd they reach has the expertise,
experience or resources to deliver what they need nor whether they're
reaching the best sources to deliver the best possible outcome.

https://www.techtarget.com/searchcio/definition/crowdsourcing



Spatial Approaches on Infectious Diseases

Budd, J., Miller, B.S., Manning, E.M., Lampos, V., Zhuang, M., Edelstein, M., Rees, G., Emery, V.C., Stevens, M.M., Keegan, N. and Short, M.J., 2020. Digital technologies in the public-health
response to COVID-19. Nature medicine, 26(8), pp.1183-1192.

• Digital Contact Tracing

• During the COVID-19, most
countries developed a/
several contact tracing 
apps for epidemic 
surveillance and 
monitoring tools.



Spatial Approaches on Infectious Diseases

• Digital Contact Tracing

• How does the contact
tracing app work?

Budd, J., Miller, B.S., Manning, E.M., Lampos, V., Zhuang, M., Edelstein, M., Rees, G., Emery, V.C., Stevens, M.M., Keegan, N. and Short, M.J., 2020. Digital technologies in the public-health
response to COVID-19. Nature medicine, 26(8), pp.1183-1192.



Spatial Approaches on Infectious Diseases

• Digital Contact Tracing

• The usage of contact 
tracing app throughout 
the world?

Budd, J., Miller, B.S., Manning, E.M., Lampos, V., Zhuang, M., Edelstein, M., Rees, G., Emery, V.C., Stevens, M.M., Keegan, N. and Short, M.J., 2020. Digital technologies in the public-health
response to COVID-19. Nature medicine, 26(8), pp.1183-1192.



Spatial Approaches on Infectious Diseases

• Digital Contact Tracing

• The position of different 
epidemic surveillance 
tools.

Budd, J., Miller, B.S., Manning, E.M., Lampos, V., Zhuang, M., Edelstein, M., Rees, G., Emery, V.C., Stevens, M.M., Keegan, N. and Short, M.J., 2020. Digital technologies in the public-health
response to COVID-19. Nature medicine, 26(8), pp.1183-1192.



Spatial Approaches 
on Infectious 
Diseases
• Infectious Diseases 

Modelling – Clustering

• Proximity Effect: the further 
distance has a lower impact 
on pandemic.

Pei, S., Kandula, S., Cascante Vega, J., Yang, W., Foerster, S., Thompson, 
C., Baumgartner, J., Ahuja, S.D., Blaney, K., Varma, J.K. and Long, T., 
2022. Contact tracing reveals community transmission of COVID-19 in 
New York City. Nature Communications, 13(1), p.6307.



Spatial Approaches on 
Infectious Diseases
• Infectious Diseases Modelling –

Clustering

• After understanding the proximity
effect, we need to have some
statistical analyses to prove it.

Tesema, G.A., Tessema, Z.T. and Tamirat, K.S., 2020.
Decomposition and Spatio-temporal analysis of health care access
challenges among reproductive age women in Ethiopia, 2005–
2016. BMC Health Services Research, 20, pp.1-23.



Spatial Approaches on Infectious Diseases

• Infectious Diseases 
Modelling – Clustering

• From a proximity effect to
formulating a cluster.

• Useful tool: SaTScan

Tesema, G.A., Tessema, Z.T. and Tamirat, K.S., 2020.
Decomposition and Spatio-temporal analysis of health care access
challenges among reproductive age women in Ethiopia, 2005–
2016. BMC Health Services Research, 20, pp.1-23.

The SaTScan analysis of hotspot areas of women health 
care access challenges among reproductive-age women 
in Ethiopia, 2011 (Source: CSA 2013, using Arc-GIS 
version 10.6 and SaTScan version 9.6 statistical software)



Spatial Approaches on Infectious Diseases

• Infectious Diseases Modelling – Maximum Entropy Modelling (Maxent) 
Approach

• Recent studies on geographical mapping of pathogens causing disease
transmission, machine learning-based maximum entropy method (Maxent)
(Elith et al. 2011; Phillips 2010) is applied on spatial records of COVID-19 with
a set of 19 bioclimatic environmental variables from WorldClim (Poggio et al.
2018; Ramírez Villegas and Bueno Cabrera 2009) to analyse their favourable
environmental conditions, required in maintaining its population.

• The Maxent principle is to estimate the target probability distribution by
applying the maximum entropy to distribution which is most spread or closest.

Saran, S., Singh, P., Kumar, V. and Chauhan, P., 2020. Review of geospatial technology for infectious disease surveillance: use case on COVID-19. Journal of the Indian Society of Remote 
Sensing, 48, pp.1121-1138.



Spatial Approaches on Infectious Diseases

Saran, S., Singh, P., Kumar, V. and Chauhan, P., 
2020. Review of geospatial technology for 
infectious disease surveillance: use case on 
COVID-19. Journal of the Indian Society of Remote 
Sensing, 48, pp.1121-1138.

Infectious 
Diseases 
Modelling –
Maximum 
Entropy 
Modelling 
(Maxent) 
Approach



Spatial Approaches on Infectious Diseases

• Susceptible-Infectious-Recovered (SIR) Model

• Epidemiology deals with the study of pattern and occurrence of diseases in space 
and time associated with other factors such as environment demography, and the 
translation of epidemiology into mathematical equations to describe the spread of 
infectious diseases is known as mathematical epidemiology (Allen et al. 2008; Rayner 
and Bender 1980). 

• The mathematical epidemiology model is implemented to understand the 
transmission dynamics of communicable diseases by categorizing population into 
susceptible, infectious, and recovered compartments. 

• The first basic model, known as Susceptible-Infectious-Recovered (SIR) model, was 
proposed by Kermack and McKendrick (1991) to describe the transmission of 
epidemic diseases from individual to individual. 

Saran, S., Singh, P., Kumar, V. and Chauhan, P., 2020. Review of geospatial technology for infectious disease surveillance: use case on COVID-19. Journal of the Indian Society of Remote Sensing, 48, 
pp.1121-1138.



Spatial Approaches on Infectious Diseases

• The SIR model is a set of nonlinear ordinary differential equations,
which is mathematically defined as follows:

• !"
!#
= 𝜇 𝑁 + 𝑆 − 𝛽𝑆𝐼

• !$!# = 𝛽𝑆𝐼 − 𝛾𝐼 − 𝜇𝐼

• !%
!#
= 𝛾𝐼 − 𝜇𝑅

n 𝑆 is the class of susceptible individuals who are not yet contracted
to disease,

n 𝐼 is the class of infectious people who are now infected with disease
and become infectious to infect others,

n 𝑅 is class of recovered individuals who have recovered now and are
removed from class 𝑆,

n 𝑁 is a total population size, 𝑁 = 𝑆 + 𝐼 + 𝑅, and 𝑡 is time in days or
weeks

n 𝛽 is the contact rate of infected person with suspected person per
day,

n 𝛾 is the infectious period and average infectious period is !"
n 𝜇 is the per capita death rate which is adjusted by birth rate 𝜇𝑁.

Saran, S., Singh, P., Kumar, V. and Chauhan, P., 
2020. Review of geospatial technology for 
infectious disease surveillance: use case on 
COVID-19. Journal of the Indian Society of Remote 
Sensing, 48, pp.1121-1138.



Spatial Approaches on Infectious Diseases

Saran, S., Singh, P., Kumar, V. and Chauhan, P., 2020. Review of geospatial technology for infectious disease surveillance: use case on COVID-19. Journal of the Indian Society of Remote Sensing, 48, 
pp.1121-1138.



Spatial Approaches on Infectious Diseases

• There are many other compartment models derived from the basic
epidemic model, (SIR), with more compartments and transitions:
• (1) Susceptible-Exposed-Infectious-Recovered (SEIR) (Li and 

Muldowney 1995)
• (2) Susceptible-Infectious-Exposed-Recovered-Dead (SEIRD) (Piccolomiini

and Zama 20s20)
• (3) Susceptible-Infectious-Exposed-Recovered-Susceptible (SEIRS) (Liu and 

Zhang 2011)
• (4) Susceptible-Infectious-Quarantine-Recovered (SIQR) (Erdem et al. 2017), 

etc.
Saran, S., Singh, P., Kumar, V. and Chauhan, P., 2020. Review of geospatial technology for infectious disease surveillance: use case on COVID-19. Journal of the Indian Society of Remote Sensing, 48, 
pp.1121-1138.



Spatial Approaches on Infectious Diseases

• Hotspot and Coldspot
Analysis

https://www.sfgate.com/news/editorspicks/article/San-Francisco-covid-peak-holiday-surge-15884563.php#



Potential Factors

Pei, S., Kandula, S., Cascante Vega, J., 
Yang, W., Foerster, S., Thompson, C., 
Baumgartner, J., Ahuja, S.D., Blaney, K., 
Varma, J.K. and Long, T., 2022. Contact 
tracing reveals community transmission 
of COVID-19 in New York City. Nature 
Communications, 13(1), p.6307.



Potential Factors

Saran, S., Singh, P., Kumar, V. and Chauhan, P., 2020. Review of geospatial technology for infectious disease surveillance: use case on COVID-19. Journal of the Indian Society of Remote Sensing, 48, 
pp.1121-1138.



Case 1: Notifiable Respiratory Infectious Diseases

• Here, we share a 
representative paper 
to perform it…

Li, X., Chen, D., Zhang, Y., Xue, X., Zhang, S., Chen, M., Liu,
X. and Ding, G., 2021. Analysis of spatial-temporal
distribution of notifiable respiratory infectious diseases in
Shandong Province, China during 2005–2014. BMC public
health, 21(1), p.1597.



Case 1: Notifiable Respiratory Infectious Diseases

• Aim: This study aimed to determine the spatiotemporal
distribution and epidemic characteristics of notifiable respiratory
infectious diseases.

• Data: Time series was firstly performed to describe the temporal
distribution feature of notifiable respiratory infectious diseases
during 2005–2014 in Shandong Province.



Case 1: Notifiable Respiratory Infectious Diseases
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Case 1: 
Notifiable 
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Case 1: Notifiable Respiratory Infectious Diseases

• Our study revealed that different notifiable respiratory infectious
diseases display different trends. Our study confirmed the spatial
autocorrelation of notifiable respiratory infectious diseases, and
spatial-temporal clusters with high risk of notifiable respiratory
infectious diseases in Shandong Province.



Case 2: 
SARS & 
H1N1

Brockmann, D. and Helbing, D., 2013. The hidden 
geometry of complex, network-driven contagion 
phenomena. science, 342(6164), pp.1337-1342.



Case 2: 
SARS & 
H1N1

Brockmann, D. and Helbing, D., 2013. The hidden 
geometry of complex, network-driven contagion 
phenomena. science, 342(6164), pp.1337-1342.



Case 3: COVID-19

• The ordinary hot spot analysis is based on the equation of Getis-
Ord Gi* Statistic as follows.

𝐺!∗ =
∑#$%& 𝑤!,# 𝑥# − '𝑋∑#$%& 𝑤!,#

𝑆
𝑛∑#$%& 𝑤!,#( − ∑#$%& 𝑤!,#

(

𝑛 − 1

• Where 𝑥# is the attribute value for village 𝑗, 𝑤!,# is the spatial weight 
between villages 𝑖 and 𝑗, 𝑛 is equal to the total number of villages.

Pribadi, D.O., Saifullah, K., Putra, A.S., Nurdin, M. and Rustiadi, E., 2021. Spatial analysis of COVID-19 outbreak to assess the effectiveness of social restriction policy in dealing with the 
pandemic in Jakarta. Spatial and Spatio-temporal Epidemiology, 39, p.100454.



Case 3: COVID-19

'𝑋 =
∑#$%& 𝑥#
𝑛

𝑆 =
∑#$%& 𝑥#

(

𝑛
− '𝑋 (

• The 𝐺!∗ statistic produces hot spot z-score and p-value of a region
showing clusters with high and low value spatially.

Pribadi, D.O., Saifullah, K., Putra, A.S., Nurdin, M. and Rustiadi, E., 2021. Spatial analysis of COVID-19 outbreak to assess the effectiveness of social restriction policy in dealing with the 
pandemic in Jakarta. Spatial and Spatio-temporal Epidemiology, 39, p.100454.



Case 3: COVID-19

• The time variable was included in the 
spatial weight, thus, we have 3-dimensional 
spatiotemporal weight where x (latitude) 
and y (longitude) axes represent the 
centroid of the region (village) while z axes 
represents time. 
• These three axes form a unit called bin as a 

spatiotemporal weight variable, and every 
bin has a close relationship with its 
neighboring bin spatially and temporally. 

Pribadi, D.O., Saifullah, K., Putra, A.S., Nurdin, M. and Rustiadi, E., 2021. Spatial analysis of COVID-19 outbreak to assess the effectiveness of social restriction policy in dealing with the pandemic in Jakarta. Spatial 
and Spatio-temporal Epidemiology, 39, p.100454.



Case 3: COVID-19

• By replacing spatial weight (𝑤!,#) with bin, …

𝐺!∗ =
∑#$%& 𝑏!,#,) 𝑥# − '𝑋∑#$%& 𝑏!,#,)

𝑆
𝑛∑#$%& 𝑏!,#,)( − ∑#$%& 𝑏!,#,)

(

𝑛 − 1

where 𝑏!,#,) (bin) is the spatial relationship between villages 𝑖 and 𝑗 at 
a certain period of related time.

Pribadi, D.O., Saifullah, K., Putra, A.S., Nurdin, M. and Rustiadi, E., 2021. Spatial analysis of COVID-19 outbreak to assess the effectiveness of social restriction policy in dealing with the pandemic in Jakarta. Spatial 
and Spatio-temporal Epidemiology, 39, p.100454.



Case 3: COVID-19

• The result of the emerging hot spot (a) from 25th March to 
12th April 2020 and (b) from 25th March to 28th April 2020 (note: 
number of villages is written in the bracket).

• Pribadi, D.O., Saifullah, 
K., Putra, A.S., Nurdin, M. 
and Rustiadi, E., 2021. 
Spatial analysis of 
COVID-19 outbreak to 
assess the effectiveness 
of social restriction 
policy in dealing with 
the pandemic in 
Jakarta. Spatial and 
Spatio-temporal 
Epidemiology, 39, 
p.100454.



Case 3: COVID-19

• Spatial distribution of emerging space-
time clusters of COVID-19 risk at the 
village-level (a) from 25th March to 
12th April 2020 and (b) from 25th March 
to 28th April 2020 (note: number of 
villages is written in the bracket).

Pribadi, D.O., Saifullah, K., Putra, A.S., Nurdin, 
M. and Rustiadi, E., 2021. Spatial analysis of 
COVID-19 outbreak to assess the effectiveness 
of social restriction policy in dealing with the 
pandemic in Jakarta. Spatial and Spatio-
temporal Epidemiology, 39, p.100454.



Case 3: COVID-19

• Priority areas of COVID-19 
surveillance based on the dynamic of 
hot spot clusters of cases and the 
dynamic of transmission risk (a) from 
25th March to 12th April 2020 and (b) 
from 25th March to 28th April 2020 
(note: number of villages is written in 
the bracket).

Pribadi, D.O., Saifullah, K., Putra, A.S., Nurdin, M. and Rustiadi, E., 2021. 
Spatial analysis of COVID-19 outbreak to assess the effectiveness of 
social restriction policy in dealing with the pandemic in Jakarta. Spatial 
and Spatio-temporal Epidemiology, 39, p.100454.



Case 3: COVID-19
Pribadi, D.O., Saifullah, K., Putra, A.S., Nurdin, M. and Rustiadi, E., 2021. 
Spatial analysis of COVID-19 outbreak to assess the effectiveness of 
social restriction policy in dealing with the pandemic in Jakarta. Spatial 
and Spatio-temporal Epidemiology, 39, p.100454.



Discussion

• For the next pandemic, if you are the president or the minister of 
Ministry of Health and Welfare. How will you do?

• As a geographer, what kinds of methods will you use for epidemic 
surveillance?



The End
Thank you for your attention!
Email: chchan@ntnu.edu.tw
Web: toodou.github.io


