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National Dengue Fever (DF) Project

* Global warming due to climate change (Nature, 2013).

* Consecutive DF outbreaks in 2014 and 2015.

e 5-year project to control mosquito-borne disease in NHRI.




Kao-Hsiung Dengue Distribution (2014)
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Kao-Hsiung Dengue Distribution (2015)
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Mission of the Project

Four research groups

* Group 1: Vector surveillance and control group.

* Group 2: Serological surveillance group.

* Group 3: Education group.

e Group 4: Geographic information system (GIS) for risk factor group.
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Integrated Surveillance System

Information for
decision making

Epidemiological

Entomological
Surveillance

surveillance
Public Health
Intelligence

Impact

assessment
®* Knowledge database:

® Operational research
® Hypotheses generator

Case detection and

Entomological Risk
: geocoding

Dengue Control

Vector Control

Lozano-Fuentes et al. (2008) in the Bulletin of the World Health Organization



Requirements for Disease Surveillance

An integrated disease surveillance system should...

e Reduce duplication in reporting,
* Have clear case definition and reporting mechanism,
* Be an efficient communication system.



Big Data Surveillance

Establish computer systems for

 Systematic Collection (digitized information),

* Collation and Storage (cloud system with coding book),

* Integration (unified platform for extract, transform and load (ETL)),
* Analysis (statistics and machine learning),

* Dissemination of information (data visualization).
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Serve as an early warning system.
Evaluate impact of control and intervention.
Monitor and identify high risk areas to set priorities for intervention.

> W

Establish a data set for disease activity for future reference.
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Integrated Platform
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System for Reporting Case
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System for Reporting Cases
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System for Reporting Cases
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System for Reporting Cases
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An Early Warning System
by Ellipse Clusters
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Heat Map for Relative Risks

A heat map for space(village)-time(week) patterns of RRs.
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Knox test for Space-time Interaction

 Distance between neighboring houses is an important for DF spread.

* By the experience and heat map, temporal distance at 15 days and
spatial distance at 150m could have space-time interaction.

* We evaluate whether the number of pairs of cases at such spatial and
temporal distance are significantly higher than expected.

Contingency table
<=150m >150m
<=15D 45807 4628914
> 15D 45354 9551018

p-value=0.001
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: B4 : Warning Criterion

The Knox test suggests that pairs of cases within 15 days and 150m
have strong space-time interaction.

We will develop ellipse clusters to track diffusion patterns.

* The warning criterion: within 150m, light; 2-9 cases
within 150m, pink light; more than 10 cases within 150m, red light.

* Computer systems will update diffusion patterns day by day based on
information on 2-week time frame.
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: Formula for Ellipse Clusters

. . 1
Let (X, ¥, ) ..., (X,, ¥,) denote case locations with a center (H

2
Compute a standard deviation matrix Ez(ax GXZVJ

O-Xy O-y

1 ERVEREPR R _\2 1 _ _
Here GX:HZ(Xi_X)’Gy_ Z(yi_Y)’O'xy_ Z(Xi_XXYi_y)

Decompose the matrix by eigenvalue and eigenvector X = 1

. . . . . 1 t 1 t 2
Bivariate confidence interval is Zelel +/1—e2e2 = Y14
2

n

X,
=1

n 5=

n

EZyi}(Y, y)
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Examples for Ellipse Clusters

2015/8/18 Ellipse hot spots 2015/8/25 Ellipse hot spots
Week 2 Week 3
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Evaluation of Intervention Effectiveness
by Density Estimation



Map of Street Blocks for DF Controls
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Procedure for Density Estimation

GIS and spatial statistics are combined to study relationship between
environmental factors and cases.

The surveillance system perform the procedure:
 Partition the study regions into tiny quadrats.
* Compute probability of occurrences by the kernel density method.

e Simulate 1000 samples under the assumption that cases happen by
chance.

* Use a permutation test to find thresholds.

28
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Analysis of Clusters by Figure Overlay
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Monitor High Risk Area
by Vector Index
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All tables and photos are digitized to upload the system:
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App for Vector Investigation

Satellite positioning system
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Systems updates vector index for each village by the investigation result.

The integrated GIS visualizes vector indices in the surveillance platform.
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Display of All Systems
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Management for Big Data
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Current Research for DF Control



Study of Vector Index by Gravitrap
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Data from the 8th week of 2017



Statistical Method for Testing Change of Numbers

We consider a hypothesis for time-point change

Hy:u; =u; i=1,..,n.

Hi:uyj=u; i=1,..,k,
u=u; i=k+1,..,n.

A Worsley’s likelihood ratio test is W = max 1\/n — 2|Tw|/Sy , whichis
SKsSN—

related to the sample means before and after change.
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- Numerical Result for Change Point

N g g T S g R N g e

2 0.91 1.43 4.65 3.76 1.42 19.82 4.37
9 6 1 3.95 1.88 25 46 1.77 22.07 3.50 41 23 1.28 13.26 4.75
10 8 1 5.33 2.19 26 58 1.81 27.15 3.08 42 38 1.46 20.08 4.79
11 7 1.4 3.83 2.59 27 39 13 21.64 2.89 43 57 1.5 28.98 4.35
12 6 1.2 3.54 3.01 28 16 1.45 8.84 3.15 44 53 1.39 27.99 3.99
13 17 1.55 9.08 3.12 29 23 1.15 13.91 3.25 45 47 1.34 25.42 3.80
14 8 1 5.33 3.45 30 13 1.18 7.96 3.57 46 42 1.24 23.67 3.73
15 7 1.17 4.26 3.85 31 9 1.29 5.26 4.05 47 119 1.51 57.49 1.89
16 11 1.22 6.64 4.14 32 15 1.25 8.90 4.41 48 84 1.5 41.62 0.89
17 15 1 9.87 4.28 33 33 1.38 18.03 4.39 49 63 1.31 33.74 0.12
18 63 1.47 32.09 3.38 34 34 1.89 16.13 4.47 50 24 1.33 13.57 0.35
19 37 1.16 21.64 3.06 35 14 1.17 8.59 4.95 51 29 1.07 17.85 0.38
20 24 1.2 14.21 3.07 36 38 2.11 17.07 5.04 52 35 1.09 21.11 NA
21 15 1.67 7.74 3.33 37 45 1.55 22.91 4.83
22 24 1.5 12.86 3.41 38 58 1.61 28.57 4.35

23 31 1.41 16.84 3.34 39 36 1.44 19.20 4.36
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Environmental Factors for DF
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The integrated GIS can map possible risk factors associated with disease

vectors.
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An example for cases associated with DF lanes and positive ditches.
Red color means high probability for occurrence of DF infection.

- Risk Factor Map for Cases and Vector
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: i1 : Prediction Model with Risk Factors

v 43

Extreme weather would affect mosquito-borne diseases.
Taiwan is an excellent place to study impact of climate change for DF:

* An isolated island.
* Tropical and temperate climates.

Research Results can be used for reference in temperate countries,
such as Japan.
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Prediction Model with Risk Factors

Relationship between maximum rainfall and minimum temperature:

(b)

(d)

Lagged week

Lagged week

arithem of maximum 24

* Use Poisson model to predict annual cases.
* Sequentially add variables by AlC.
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Leave-one-out Cross Validation

o .
S0 e

_ 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

-2005 1047 1165 15085 19975
-2006 126 Q905 168 422 787 1047 1165 504 65 15085 19975 3
-2007 126 o958 92 422 787 1047 1165 504 65 15085 19975 3
-2008 126 958 168 382 787 1047 1165 504 65 15085 19975 3
-2009 126 o958 168 422 186 1047 1165 504 65 15085 19975 3
-2010 126 958 168 422 787 624 1165 504 65 15085 19975 3
-2011 126 958 168 422 787 1047 1191 504 65 15085 19975 3
-2012 126 o958 168 422 787 1047 1165 560 65 15085 19975 3
-2013 126 958 168 422 787 1047 1165 504 18 15085 19975 3
-2014 126 o958 168 422 787 1047 1165 504 65 14618 19975 32
-2015 126 958 168 422 F87 1047 1165 504 65 15085 21202 3
-2016 126 o958 168 422 787 1047 1165 504 65 15085 19975 2
BER1E 126 o958 168 422 787 1047 1165 504 65 15085 19975 3

Minimum temperatures from May to July were positively associated with large
outbreak in 2014 and 2015.
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