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Global Healthcare Challenge 1
Disease Survelllance/Control




Millennium Development Goal

A Eight goals are to be achievbeg 2015 agreed by all
191 UN member states:
1. Eradicate extreme poverty and hunger
2. Achieve universal primary education
3. Promote gender equality and empower women
4. Reduce child mortality rates

6. Combat HIV/AID$nalaria, and
other diseases

8. Develop a global partnership for development
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Malaria Endemic in China

l. Epidemiological profile

Population (UN Population Division) 201 %
High transmission (=1 case per 1000 population) 13500 000 1
Low transmission (0-1 cases per 1000 population) 674 000 000 50
Malaria-free (0 cases) 660 000 000 49
Total 1347 500 000
Parasites and vectors
Major plasmodium species: P, falciparum (43%), P. vivax (57%)
Major anopheles species:  An. minimus, sinensis, anthropophagus, dirus
. Intervention policies and strategies
Yes/  Year
Intervention WHO-recommended policies/strategies No adopted
ITN/LLIN [TNs/LLINs distributed free of charge Yes 2003
[TNs/LLINs distributed to all age groups Yes 2000
IRS IRS is recommended Yes 2000
DDT is used for IRS No —
IPT IPT used to prevent malaria during pregnancy NA —
Case Patients of all ages should receive diagnostic test Yes 2000
management RDTs used at community level No —
ACT is free for all ages in public sector Yes 2006
Pre-referral treatment with recommended medicines No -
Oral artemisinin-based monotherapies are not registered  Yes 2006
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ITN : Insecticidetreated mosquito net,LIN : Longlasting insecticidal netPT : Intermittent preventive treatment;
IRS: Indoor residual sprayind?DT: Dichloro-diphenyttrichloroethaneRDT: Rapid diagnostic tes&CT : Artemisininbased combination

therapy.

Confirmed cases



Public Health Indicators

A Transmission Patterns
I Temporal distribution of malaria casé&l{en)
I Spatial distribution of malaria case&/ljerg
I Demographical distribution/{ho)
A Risk Measures
I Under control

T Elimination
I Eradication
SPR < 5% < 1 case/1000 population 0 locally |
in fever cases at risk/year acquired cases l
/'—\ m —/—\ .3-y.eér.s-
Control — Pre—elimination —»= Elimination — Prevention of

reintroduction



Malaria Transmission

A. Exo-crythrocytic Cycle ]_ Within human body
Three Stages = B. Erythrocytic Cycle

~ C. Sporogonic Cycle } within mosquito

Ak = Infective Stage
A\ = Disgnostic Stage

Human Liver Stages

Transmission
T to mosquito

Asexual
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Multi-scale Impact Factors

A Malaria transmission between human beings and vectors may be impactec
by various factorst different scales.

OCICAL EX
BIOLOGICAL ’r\..\J XS
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Transmission enyifonment with various factors

[3] Protopopoff N, Van Bortel W, Speybroeck N, Van GeertruydenBaza D, et al. (2009) Ranking Malaria 10
Risk Factors to Guide Malaria Control Efforts in African Highlands. PLoS ONE 4(11): e8022.



Multi-level Transmission Dynamics
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A Complex Systems Perspective

A Coupling Relationships and Interactions

I Epidemiological entities: the host, the disease,thad
transmissioragent (e.g., mosquitos)

A Multi -scale impact factors

I Ecological, Physiologicakenvironmentaldemographical,
behavioral factors, and so on.

A Multi -level Transmission Dynamics

I Agentbased models at the individual level

I Homogeneoumixing modelsat the metapopulation level
A Externality

I For examplehuman response (e.g., social awarenesplblic
policies, environment (e.g., abnormal weather), etc.



2 KI0Qa UGsputin®t S
(e.g., computational intelligence)

1. Complex Systems Modeling
A Discovering (and predicting) temyspatialtransmission patterns
A ldentifying underlying interactions

2. Policy-level DecisionM aking
A Active surveillance
A Strategy planning
A Resource deployment
A Policy assessment

13
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Malaria Endemic in Yunnan, China

Legend
P.vivax cases in total
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[1] Shi B, Liu J, Zhou XN, and Yang GJ: Inferring P. vivax Transmission Networks from Fempo
spatial Surveillance Dat®LoS NTD 15



Tempaospatial Distribution of Malaria Cases

Legend
® Towns

- Pvivaxcases
D National boundary

Elevation(meter)

[Jo-500
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The mer of viaxinciceS)f 62 tons i Yun, China, in 2005.

What is the underlying malaria transmission-network?
16



Malaria Endemic in Yunnan

A Malaria Transmission Networks

I How to characterize malaria transmissifnmagn one locatiorto
another due tbuman movement?

A Basedon 1« Irevalence,

we can fp e 2 e IESTIONS:

i Howtol > A A 4 into
conside . physiologigal
environ|

I Howto | & -~ ymetworks
based C ﬁ llancedata?

f“ﬁ?::::;;f*:.:’;z::‘;i; N
b oS

4‘
Infected migrant mosquitoes
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A Spatial Malaria Transmission Model

A Evaluating malaria risk for each individual town

Demographical Data
1) Population density

Physiological Data
1) Mosquitoes
2) Parasites

— VCAP » EIR

Environmental Data
1) Temperature
2) Rainfall

Surveillance Data
1) Temporal cases
2) Spatial cases

VCAP: thenumber ofpotentially infective contactsan individualperson makes
throughvector population, per unitme.
EIR: thenumber ofinfectious bitesreceived per day by @erson.

[4] P. Ceccato, C. Vancutsem, R. Klaver, J. Rowland, andGanhor: Avectorial capacity product to monitor
changing malari&ransmission potentiah epidemic regions @kfrica. Journal of TropicaMedicine, 2012, e595948.



VCARPand EIR

Sporogonic
Proponior? ?f cycle length . Prébnl?il-ity of
vo;::‘;::;:;:;:,ns I_ Probability of -1 s.t\i)mg(:;‘y
daily survival !J |l |
2,)n T UmiEE =
aVCAP:M Temperature ‘ )18 g _—E
_ln uman [ : : i
(p) . : :lood _L Hun:nﬂrlx)::iting i
a — human biting habit L= a |
m — ratio of humans to il R p—en |
rate Vectoria
mosquitoes ] L — =ma capcy
Production Mmqun:m (l)h:ln:.:lr:, .
n . Sporogonlc CyCle factor population popul
length
p — probability of daily survival
cVCAP-x(t)
. EIR(t) =
1—cax(t)/In(p)
x(t) -- the proportion of infectious person at time t
c -- the transmission efficiency from an infectious person to an

uninfected mosquito

[2] P. Ceccato, C. Vancutsem, R. Klaver, J. Rowland, and S. J. CoAni@ctorial capacity product to monitor changing
malariatransmission potentialn e pi d e mi ¢ r JowgnaloffMm®picaMedidne p. e50594800ctober 2012. 19



VCAP of 62 Malaria Endemic Towns in Yunnan

Legend
® Towns

B cAP
D National boundary

Elevation(meter)

| [_]o-500
| [ 501 - 1,000

d W 1,001 - 2,000
| I 20013500
[ | 3,501 - 7,033

i

0510 20 30
Kilometer

The values of vectorial capacity of the 62 towns in Yurprawince in 2005.
Thevalues are calculatadsingtime window size 16 days.



A Machine Learning Approach

Continuous Inputs

Machine
Learning
Models

Malaria
Transmission
Models

Estimated Results | . Surveillance Data

U Thetempo-spatial surveillance dataabout malarianfections can perform as
continuousnputsto an appropriate malaria transmission modétcordingly,
themodel will output some resultahich will be treated as inputs to
a learningmethod

U The surveillancelata can alsperform asa training seto the learning method.
Basedon thelearning results, certaparameters in thenalaria transmission
modelwill be adjusted.

21



A Learning Method: Recurrent Neural Network

Node 1

Node 2

Node N

» Each node represents a town.

» [; represents the control effort of each node.

» Z represents imported cases.

» d 1s the diameter of the transportation network among 62 towns.

Objective: Inferring malaria transmission networks, i.e., w;;.

Method: The backpropagation algorithm.

22



Our Results

malaria transmission networks under different scenarios

A Using a machine learning method to infer underlying
A Clapcifu trancemiccinn rnlac nf inAnndinial ln~ratinne

Imported Cases: 70%

Imported Cases: 60%
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o
W

o
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Fig. 4. Townships that form a community in the inferred malaria transmission network.



H1N1 Epidemic

How to avoid H1NT1

:.vcb.id hugging, Avoid toucmg ei{:s, —
issing an nose or mouth wi = :
e mestednis "I VLB
Age-specific disease infection
Cover your nose Dispose qf used ?issue 3000 [ - 1 0_ 1 9
2 disposable ssue —— 20-29
:rnI:r;icnogughmg and a_) - 30_39
& 2000f I 40+
S
-
Regularly wash If you have flu-like Z 1 000 i
hands with soap symptoms, seek
and water medical advice
immediately
O -
25 50 75 100
Days
iy Ll s B . .
adisance of s rom ok o Spreadof HIN1 influenza in Hori§png [2].
other people

[2] Xia S, Liu J, Cheung W (2013) Identifying the Relative Priorities of Subpopulations for
Containing Infectious Disease Spread. PLoS ONE 8(6): e65271. 25


http://uk.reuters.com/article/slideshow/idUKTRE54054T20090501

~ Biological characteristics
e Genetics
e Virulence
Epidemiological indicators
e Basic reproduction RO
e Attack rate

- ¢ Prevalence/incidence

.

~ Demographical variations
e Age

® Susceptibility

o nfectivity

Social behaviors
o Contact relationships

Response

Infectious |
disease

Transmission

Host
population

Respons
lanning

Evaluation

Public health
authority

Intervention

® Response

~ Interventions
® Vaccination

| e Social distancing
4 e Antiviral drugs

Effectiveness measurements
e Morbidity/mortality

- e Transmission reduction



Motivation

1. Characterizing disease dynamics in a host population
2. Strategic planning for effective disease control
3. Characterizing and evaluating human responsive behaviors

Infectious Transmission - Host Infectious Transmission o Host
disease population disease population
@ lanning
Evaluation Intervention
Response Public health

Infectious |
disease

Host authority

> population

R 1. Vaccination
authority 2. Influenzalike disease
@ 3. Computational approach

Transmission

Respons

Evaluation




H1N1 Epidemic

A Age-Specific ContactPatterns

I Diseasdransmissions are subject to the structure of
iIndividualssocialcontactswhich plays a key role in the
assessment @ninfection outbreak

A We aim to investigateH1N1transmission in Hong Kong
by addressing the following two specific issues

I How to characterizagespecific contact patternsby
exploitingthe demographical information afhost population

(l.e., censuslatg?

I How to usea computational model to predictthe disease
transmission patternat the metapopulation level

28



Age-Specific Contact Patterns

d
| i
31 31 31 1/3
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a Computation of contact frequencies for every member of a household composed by two adults aged 31 and
children of 5 and 6 years old. The sum of the four contributions gives contact frequencies within this househols

red).

b Contact frequencies within a household composed of an adult aged 31 and a child aged 5.

c Assuming that these two households constitute the whole population, the frequency of household contacts tt
individuals of age have with individuals aged is given by the sum of the contributions from each household,

divided by the number of individuals aged having at least one household contact.

[5] FumanelliL, Ajelli M, Manfredi P, Vespignani A, Merler S (2012) Inferring the Structure of Social Contacts from Demd&graphic
Data in the Analysis of Infectious Diseases Spread. PLoS Comput Biol 8(9): €1002673.
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L. Public Health
Policies

Goals and targets
* Death reduction
+ Case reduction

Intervention strategies
* Diagnosis
* Treatment
* Vector control
« Vaccination

Monitoring & evaluation
» Disease surveillance
* Anti-drug resistance

» Effectiveness & efficiency

Cooperation
« Financial support
* Political commitment

* Organizational management

II. Disease Transmission: A Complex Systems Perspective

‘Environmental < ”Socio-economic

_-En-;:ulo-gicz_il. 4

e T e T o Impact factors
__Demographical " Behavioral > Biological °
|'\-1acruscoplcr,r-"' - . @, a
2 @ x) »
= Sl S
5 I
i [ /1 I=
i Il | "li\flr - £ | N
I || - -
= | 1'| v f ?{\-J |I
* Il 'I:‘*T{q__ _T"a/J I
Microscopic |\ A o 7 AN

Interaction (/)

Metapopulation | L fCB(éH C;}Qé) I

Prediction
- -
E Identification
é
=
E
P=[Aw][A]
e | % LoTe — :.’ -
Individual remiT et ism_:;_;j) Patterns (P)

@ Original figure at http/fwww.dpd.cde gov/dpds/

IV. Data-Driven Computational Intelligence

System modeling

Requirements |« Predicting tempo-spatial patterns

(Real-world study 1)
* Identifying underlying interactions
(Real-world study 11)

Policy-level decision making
+ Active surveillance
+ Strategic planning ..
D gicp & Predictions
* Deployment
+ Assessment

I11. Public Health
Indicators

Transmission patterns
* Temporal (when)
* Spatial (where)
* Demographical (who)

a. Disease dynamics

=

a-ﬁ & Cbsenvalon

2 — ]

=0z

o

=

3

5 o

&

o [ oo S
50 100 150 0

Days

Risk measurements
+» Under control
* Elimination
* Eradication
VCAP in 2008
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§5COLUMBIA|ENGINEER1NG

The Fu Foundation School of Engineering and Applied Science
Current Students | Faculty | Alumni | Par

ADMISSIONS DEPARTMENTS RESEARCH CAMPUS LIFE ABOUT

Breaking Down Complex Systems in Public Health

In an effort to gain a more comprehensive
understanding of public health issues, Columbia’s
Mailman School of Public Health has recently partnered
with Columbia Engineering to create a new program
that will give public health students the tools to analyze
the complex systems tied to important health matters.
The goal of this new program is to give the public
health researchers the ability to tackle public health
issues the way an engineer would.

Shift® Obes: ty System Infuence Clagram

The Columbia University Systems Science Program
(CUSSP) is a new curriculum-based program led by the
Mailman School of Public Health's Dean Linda Fried
and Professors Sandro Galea and Roger Vaughan with
the Engineering School's Professor Garud |lyengar of
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Global Healthcare Challenge 2
Service Performance




HDI Star
HHS data

f’

._f' -

?’}\ - A | A M 3 . " "
@ HEALTH DATA INITIATI o

‘J’f
!_E
1 |
,“—b another s
Health Data Initiative Strategy & Execution Plan Released and Ready for Feedback "
The new Health Data Initiative Strateqy & Execution Plan has been released! Check it out as it will guide and measure the C: -

open data strategy

Search the Data Recent Datasets Recent Blog Entrie
Search for Health System Measurement Project Health Data Initiative Strat
Hospital Inpatient Discharges (SPARCS De- Data Fueling Business De
Sub-Agency Hospital Inpatient Discharges (SPARCS De- Data.CDC.gov: Energizin
3 Hospital Inpatient Discharges (SPARCS De- Data provides a focus for

Subject Area
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Provincial Wait Times by Month 2009-2010

www.ccn.on.ca
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LHIN: Local Hospital
Integration Networks
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Research Context

A Local Health Integration Network (LHIN) in Ontario, Canada

LHIN ID LHIN name Area PD Boundary
(km?) (per km?) (Major cities/towns/counties)

1 Erie St. Clair 7323.7 86.1 Windsor, Lambton, Chatham-Kent, and Essex

2 South West 20903.5 43.1 London, Stratford. Elgin, Middlesex., Oxford,
Perth., Huron. Bruce. and part of Grey

3 Waterloo Wellington 4746.6 144.6  Wellington, Waterloo, Guelph, and part of Grey

4 Hamilton Niagara 6473.0 203.3 Hamilton. Niagara, Haldimand. Brant, and parts

Haldimand Brant of Halton and Norfolk

5 Central West 2590.0 2585.7  Dufferin, parts of Peel, York, and Toronto

6 Mississauga Halton 1053.7 9536.7 Mississauga, parts of Toronto. Peel, and Halton

7 Toronto Central 192.0 5678.9 A large part of Toronto

8 Central 2730.5 561.3 Parts of Toronto, York, and Simcoe

9 Central East 15274.1 93.8  Durham, Kawartha Lakes, Haliburton
Highlands. Heterborough. parts of Northumber-
land, and Toronto

10 South East 17887.2 26.1 Kingston. Hastings. Lennox and Addington. Prince
Edward. and Frontenac

11 Champlain 1763.1 65.1 Ottawa. Renfrew. Prescott and Russell.
Stormont, and Dundas and Glengarry

12 North Simecoe Muskoka 8372.3 50.5  Muskoka. parts of Simcoe and Grey

13 North East 395576.7 1.4 Nipissing, Parrv Sound, Sudbury, Algoma,
Cochrane. and part of Kenora

14 North West 406819.6 0.6 Thunder Bay. Rainy River, and most of Kenora

PD: population density.
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» About Qur LHIN

Aboriginal Communities
About Our LHIN - Overview
Disclosure of Expenses

Erie 5t. Clair LHIN Values

Health Professionals Advisory
Committee

LHIM Legal, Governance and
Ministerial Resources

Owur Area Profile Information
Our Communities List

Qur Mandate

Qur Staff

Cwur Vision

Provincial and ESC LHIN Alignm

& Priorities

Strategic Plan — 2012 — 2015

Why LHINs are Good for Health

Care

L4

Board & Governance

Calendar of Events

Health Service Providers

Engaging our Communities

About our LHIN

|— What is a LHIN

he Erie St. Clair Local Health Integration Metwork is one of 14 Local Health Integration
Metworks (LHINS) that have been established and launched in Ontario.

LHINs are community-based, non-profit organizations funded by the Ministry of Health and
Long-Term Care to plan, fund and coordinate services delivered by:

* Hospitals
COMMUNITY

* Long-Term Care Homes ENGAGEMENT

* Community Care Access Centre
(CCAC)

* Community Support Service ACCOUNTABILITY

LOCAL HERLTH

. P MAI ! ey
Agencies &M:ni%!?fﬂéxgE SYSTEM FLANNING
+ Mental Health and Addiction : :
Agencies k= )
* Community Health Centres (CHCs) __f_:
FUNDING )
& ALLOCATION

Erie 5t. Clair LHIN services the regions of
Chatham-Kent, Sarnia/Lambton and
Windsor/Essex which includes over 648 000 people and supports an annual budget of
over $900 million for our local health care services.

Sector Budget

(Million)

Community Care Access Centre $121.4
Mental Health Agencies $31.2
Community Health Centres $24 1

Community Support Services $17.3

&) Internet




Data

A A summary of data and abbreviations

Abb. of Profile of
Characteristics Measures sur .er surgery
gery (per month)
Demand Average number of Arrivals, monthly, SA 82
Capacity Number of physicians, yedrly SC 7
Throughput Average number of completed caseq ST 83

monthly *

Median wait for urgent/seangent

lelective patient* SUM/SSM/SEM| 3/6/19

Wait time 90thpercent!le walt. for urgent/semi suN/sSN/SEN 11w31as
urgent/elective patient*
Queue length* SQ 58
Data source:

* Cardiac care network of Ontariu,
U hydlFNA2 LIKEAAOALFY KdzYly NBaz2dz2NDOSa RIEGF OSYGaNB«
The college of physicians and surgeons of Ontario. http://www.cpso.on.ca/docsearch/default.aspx?id=204
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Data

A A summary of data from individual hospitals

Hospital ST SUM SUN SSM SSN SEM SEN

London HSC 115 8 | 120| 2 7 6 29 | 15 | 49 | 76
Sk IELYS CREEl [ esEE) 111 8 |113] 2 | 8 | 6 | 20| 15 | 50 | 71
Kitchener

Hamilton HSC 105 8 | 107 | 2 8 29 | 14 | 49 | 65
Trillium HC, Mississauga 100 | 8 101 | 2 7 29 [ 14 | 48 | 61
St Michael's Hospital, Toronto 91 7 94 1 7 30 13 48 515

Sunnybrook Health Sciences Centre | 87 7 88 1 10 31 15 | 50 | 51

University Health Network , Toronto | 81 7 82 1 10 32 15 51 | 48

Southlake Regional HC, Newmarket | 73 7 74 1 10 31 16 51 | 43

Kingston General Hospital 64 7 67 1 9 30 17 | 49 | 37

University of Ottawa Heart Institute | 59 6 60 1 10 29 16 | 48 32

| A MO OT| O O] O] O

Hoépital Régional de Sudbury 52 6 53 1 10 31 ( 17 | 48 | 28

40



SeltOrganized Regularities in the Cardiac Care System~

U Dynamicallychangingarrivals U Dynamicallychangingnedian wait time
(Jan. 2005~Dec. 2006) (Jan. 2005~Dec. 2006)
220
| === |_HIN 6: Trillium Health Centre 50 m— | HIN 6: Trillium Health Centre
200 4 = | HIN 7: St. Michael's Hospital = | HIN 7: St. Michael's Hospital
" 1 m— | HIN 7: Sunnybrook Hospital 1 = | HIN 7: Sunnybrook Hospital
< 1804 === LHIN 7: University Health Network X 40 = _HIN 7: University Health Network
E 160 1 - | HIN 8: Southlake Regional Health Centre _‘g - | HIN 8: Southlake Regional Health Centre
< ] o
$ 1204 -c;—u
© 100+ — 204
[} : G
Qo i °
g 80 &
S 1 =
Z 604 10
40 T T T T T T T T T T T T i T ) T ) T j J ) T
0 5 10 15 20 25 0 5 10 15 20 25
Month Month

Data source: Cardiac Care Network of Ontario (accessed these data in February 2011)



A Complex Systems Perspective
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The Complexity of Wait Time Management
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Question: Can we observe anglirect and moderating effects of
geodemographic profiles oservice utilization(patient arrivals)?
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D a.ta. CARDI;i\c CARE NETWORK
A Data Source I
i 11 CCN hospitals (20@%): Cardiac Care Network of Onta yitism

i Geodemography data for LHINs: 2006 Census of Canada

A 47 cities/towns (no. population>40,000)
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Method

A Structural Equation ModelingSEMIpyrme. 09]
I Asecondgeneration statistic technique

A Features oSENGefen,00]

I Structural: To validate the assumethusationramong a set of
dependent and independent constructs

I Measurement:To evaluate theoadingsof observedtems on
their expectedatent variables

A Partiatleastsquareshased SEMken00lys. Covariance based SEM

I Hficientto examine the significance of the relationships of constructs
I More suitedfor predictive applications and theotyuilding

[Byrne, 09]B. M. ByrneStructural Equation Modeling with AMOS: Basic Concepts, Applications, and Programmingd@tielige, 2009§
: [Gefen, 00]DGefen. Structural Equation Modeling and Regression: Guidelines for Research Practice. Communications of the Associa

for Information Systems, 4),72000 146



SeltOrganized Regularitiei the CardiacCareSystem (1)
(Statistical regularities?)

for median wait time

Normaldistribution Powerlaw distribution

Power:-1.36

Data source: Cardiac Care Network of Ontario (accessed these data in February féll)



