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1. Understanding clustering evolution in time and space
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‘ Space-time kernel density estimation for exploring
diffusion process
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Occurrence / Disappearance : Life Cycle

Growth / Shrink : Change of Severity
Split : Source of Infection
Merge : Vulnerable Areas
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‘ Characterizing diffusion patterns

Single pattern

Center stays

Center moves

Interaction pattern

Area
remains

Area
becomes
larger

(©)

Area
becomes
smaller

(E)

(F)

Future —>

Moving
direction

."

HIANAR SERARERR
WENENBRHRE

Kuo FY, Wen TH, Sabel C (2018), Characterizing Diffusion Dynamics of Disease Clustering: A Modified Space-Time
DBSCAN (MST-DBSCAN) Algorithm, Annals of the American Association of Geographers 108(4):1168-1186.
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‘ Step 1: Identifying transmission clusters

The cases, which form a transmission cluster, are considered by not only proximity
in time and space with each other but also the transmission relationship, which
represents that the neighbors of one case must appear spatially near but later
than the case so that these neighbors could be infected by this case.

Polygon or .
Gridded data PR
2. Searching spatio-temporal meighbors

y 3. Defining Reachable and Connected in Space and Time

!

(Stage 1: Identifying Trar ission Clusters (MST-DBSCAN))

Transmission )
Clusters Time

A

i\,
\

[Stage 2: Differentiating Cluster Evolution types Neighbor of
Future . F:4 G4 ‘
1. Defining single and interaction patterns Neighbor area
2. Assessing the movement and changes of transmissior of point A
clusters ng ~ S AN
A 4 3. Defining Reachable and Connected in Space and Tim ’
EpsT1=2
Clusters
Evolution
@ o2
[Stage 3: Delineating Diffusion Zones c:2
EpsT2=1
1. Quantifying diffusion similarity of polygons A1 . . B:1 J
2. Formulating network structure
Node: centroids of polygons ¢ ‘ S
A 4 Line weight: scores of diffusion similarity Past EpsS
- ) Earth
iffusion
e surface

LT, muaRxRsEmARERA
5 Wy, - MR NS HRE
= €N, Laboratoryfor Geospatial

» Computational Science
NTU Geography



‘ Defining space-time relationships
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‘ Step 2: Differentiating cluster evolution types
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‘ Cluster evolution vs. kernel density
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‘ Step 3: Measuring diffusion similarity among townships:
Defining ‘diffusion zone’
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Grouping the regions with similar diffusion patterns

Diffusion process:
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‘ Cluster evolution vs. space-time kernel density
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‘ Python Libraries: pySDA

pySDA

a python Suite for Diffusion Analysis (for python 3.5 and above)

Intro

This package currently included the two diffusion analysis algorithms:

1. TaPiTaS: A geo-computational algorithm for exploring the structure of diffusion progression in time and space.
Scientific Reports. https://www.nature.com/articles/s41598-017-12852-z
2. MST-DBSCAN: Characterizing Diffusion Dynamics of Disease Clustering: A Modified Space-Time DBSCAN (MST-

DBSCAN) Algorithm. Annals of the American Association of Geographers.
https://www.tandfonline.com/doi/full/10.1080/24694452.2017.1407630

Install

You can choose one of the following to install pySDA to your python environment.

https://github.com/wenlab501/pysda
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https://github.com/wenlab501/pysda

Exploring clustering evolution of COVID-19 outbreaks

in Geneva, 2020
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Exploring clustering evolution of COVID-19 outbreaks
In Geneva, 2020

MST-DBSCAN clusters of COVID-19 confirmed cases in the Canton of Geneva on March 16
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https://www.youtube.com/watch?v=U91uJ1FSuuY

Comparing SaTScan (space-time clusters) vs.
Clustering evolution (transmission clusters)
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2. Exploring multivariate
epidemiological characteristics

https://www.youtube.com/watch?v=CUnZnbLKSTw

Epi-Pro: Epidemic Profiler
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https://www.youtube.com/watch?v=CUnZnbLKSTw

. . Epi-Pro: Epidemic Profiler
Introducing Epi-Pro Software 75 48 53 7 BB

NTU GeoMED Suite
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(for dengue epidemics)

Developing a standalone open source software
called Epidemic Profiler (Epi-Pro)

Exploring multivariate epidemiological
characteristics

Profiling cluster evolution of epidemics
Assessing the effectiveness of interventions
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https://www.youtube.com/watch?v=CUnZnbLKSTw
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https://www.youtube.com/watch?v=CUnZnbLKSTw

3. Putting geospatial information into estimation of
time-varying reproductive numbers (Rt)

The effective reproductive number, denoted as Re
or Rt, is the expected number of new infections
caused by an infectious individual in a population
where some individuals may no longer be
susceptible.

The effective reproductive number Rt is a key
epidemic parameter used to assess whether an
epidemic is growing, shrinking, or holding steady.
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Time-varying reproductive numbers (Rt)

Canada’s Rt has remained below 1 for six weeks, indicating the epidemic has
remained out of a growth pattern at the national level

2
When Rt is consistently >1, the
epidemic is growing

0.5 \ The Rt has been <1
When Rt is consistently <1, the nationally since Sept 24
epidemic is being brought under
control
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(e : : :
“This means that the epidemic has remained out of a
growth pattern nationally. However, Rt may still be at or

above one in some areas. "

—

Source: Public Health Agency of Canada
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Temporal Transmission Dynamics

(A) Infe.ctor p;j _ g(f’ﬂ) .k
Y eig(t)

Transmisson probabilities Z j
from infector j * R

dx

<~ b glx—t
piri v pisi R, = f s SA(I )
@ g @ x=t L:n b, .g(a)da

g(a) stands for the distribution of the
generation interval, which is used as a
weighting function for representing

Infectees
transmission potential at time interval a.
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Understanding the Geographical Expansion of Urban Dengue Outbreaks, Scientific Reports 9: 19172.
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Generation Interval

At the individual level, a generation interval is
defined as the time between when a person

becomes infected and when that person infects
another person.

The intrinsic generation-interval distribution
describes the expected time distribution of
infectious contacts made by a primary case.
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Comparisons of the transmission likelihood

(Dengue epidemic in Tainan, 2015)
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Spatially adjusted reproductive numbers
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Estimated time-varying reproductive numbers

(Dengue epidemic in Tainan, 2015)
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Visualizing spatial distributions of individual
reproductive numbers

(Dengue epidemic in Tainan, 2015)
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COVID-19 Outbreaks in Taiwan, 2021

Daily new confirmed COVID-19 cases

7-day rolling average. Due to limited testing, the number of confirmed cases is lower than the true number of infections.
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‘ Estimating spatial-temporal transmissibility of COVID-19
(COVID-19 Outbreaks in Taiwan, 2021)

Township-level transmission likelihood
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‘ Estimating spatial-temporal transmissibility of COVID-19

(COVID-19 Outbreaks in Taiwan, 2021)
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Developing R package: EpiTrans
Estimation of epidemic transmissibility in time and space

devtools::install github("wenlab5@1/EpiTrans")

library(EpiTrans)
EpiTransLibrary()

[% createPoints
[% CreateBaseMap
[% bnd_modify
D plot_points

2 plot_grid

R plot_hex

& plot_kde

2 plot_polygons
[% plot_Rt

2 plot_epi
animate.points
animate.grid

[2) animate_polygons
= plot_trans

2 plot_Tij
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Concluding remarks

Methodological issues in epidemic dynamics
o Clustering evolution
o Multivariate epidemiological characteristics

o Spatial transmissibility: Spatial version of reproductive numbers

Software/Packages development

o pySDA: python Suite for Diffusion Analysis (python library)
o Epi-Pro: Epidemic Profiler (standalone app)

o EpiTrans: Estimating Epidemic Transmissibility (R package)
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