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Course Overview

» The course covers selected topics and techniques
In the use of mathematical models to study the
transmission dynamics of infectious diseases,
iIncluding 2009 A(H1N1) flu pandemic.

 Use of mathematics and statistics to analyze and
evaluate the effectiveness and impact of
Intervention measures for infectious disease
outbreaks.

« Particular attention will be given to the
underlying model assumptions and to biological
understanding and epidemiological interpretation
that can be obtained from the modeling.
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Course Contents

 Class sessions will primarily consist of
lectures, a mid-term exam, and a course
report/project. Introduction of basic ideas of
elementary mathematics tools used, including
difference equations, linear algebra, and
calculus, will be given.

« Topics include design and construction of
appropriate mathematical models, and
determination and interpretation of important
parameters, such as basic reproduction number
(B 4 £ #c) R, of an infectious disease.
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Course Contents (cont)

* The course Is designed for graduate students
In public health or in applied mathematics
and statistics who wish to understand
mathematical models relating to their
research or to develop models for their own
work.

A course project of building a “simple”
Infectious disease model i1s required for
students, either individually or in group.

* For master students, the model need not be
original, but can be taken from literature Iin
the form of a paper report.
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Purpose of the Course

 1st Semester: To learn to understand and
appreciate models, and also to understand
the inadequacies of modeling

« 2nd Semester: To learn to analyze infectious
disease outbreaks with models and to
construct models for research
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Similar Courses In the World

Oxford University/Imperial College: An Intensive
2-3 weeks Short Course: epidemiology and control
of Infectious Diseases (since 1990)

Harvard School of Public Health: Mathematical
Modeling of Infectious Diseases; Infectious
Disease Dynamics

Johns Hopkins SPH: Modeling of Infectious
Disease

UC/Berkeley: Modeling the Dynamics of
Infectious Disease Processes

Yale University: Modeling the Epidemiology and
Evolution of Infectious Diseases
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Background requirements

» High school mathematics (e.g., sequences
#c 7, rate of change % &, matrix & L)

« Some (very little) knowledge of
elementary calculus and statistics

« Some knowledge of computing software,
Matlab, Maple, Mathematica, Phaser,
SAS. Etc.
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1. Anderson, R., and May, R. (1991)
Infectious Diseases of Humans: Dynamics
and Control. Oxford University Press,
Oxford.

2. Brauer, F., van den Driessche, P., and Wu,
J. (2008) Mathematical Epidemiology.
Springer-Verlag, Berlin.
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Geographical map of 8439 SARS cases as of 7/3,
2003 (# deaths later adjusted to 774) (WHO website)

O o iy ety

China 5,327

Hong Kong 1 755

) 2o
Total cases 8,439
Total deaths 812 e
o Number still sick 200 = <20
Figures as at 3 July -20_100
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Early Spatial Spread of SARS

(From “Learning from SARS: Preparing for the next disease
outbreak™ 2003 IOM SARS workshop summary)

Lmemite [ M b gy
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FIGURE 5-2 Portrait of a superspreader: spread of SARS from the Metropole Hotel in
Hong Kong as of March 28, 2003,
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To put things In perspective!
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Time for 774 deaths to occur 1n 2003 due to:

SARS - November, 2002 — July, 2003
HIV — 6 hours

TB — 3 hour

:1: 1. HIV and TB highly correlated.

2. 11% of ADI (AIDS-defined illness) deaths due to
TB.
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Culprits or victims of Avian flu?
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West Nile Virus (& £ %@ x4 ) in U.S.
2799 cases/102 deaths (1999-2005)

- Indicates human disease case(s). @

Avian, animal or mosquito infections.
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Which species to cull (3 #)?

X

Birds - MosquitoS ———  Humans
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EMERGING
INFECTIOUS DISE \SES | Did Alexander the

A Peor-Raviewed Journg | Trocking ond Anclyziog Dissose Tran

Great (17 AL =
~ 7 ) died of &
fo B @ :}}%:3;
(WNV) In 323
BC at age of 327

Crat v‘;

.", / -
y ersi Nile Virus

-Marr and Calisher, EID (#7
213 4 ) 2003
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Phylogenetic Analysis
(28 F] 0 beag 2 & 47)

 Galli, Bernini, and Zehender (EID, 2004):

the most recent common ancestor (MRCA)
for WNV can be dated back to 8th
century (1,159 years ago) only
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Spread of avian flu (H5N1) as of February
of 2006 (Science 2006)

Egypt, Austria, Slovenia, Azerbadjan,
France, Germarry, Iran, Greece, Naly,
Bosnia and Hermegovina, Bulgaria, irag,
Nigeria, India, China (Qinghai Lake)
Ukraine, Croatia, Remania, Turkey,
= Mongolia, Kazakhstan, Russia
' vy

Malaysia, Hong Kong, China, Thailand,
L2os, Japan, Cambodia, Vietnam
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Geographical map of HSN1 human infections In
Southeast Asia as of May 2005 (K. Ungchusak
briefing at 2005 WHA Assembly)

Family clusters in Mekong countries

Thailand
« daughter- mother —aunt
Kamphengphet

Vietham

® 3 brothers at Thai Binh-Hanoi

+ Dongthap

« Bac Lieu
= | « Haiphong :5 family member with
= | one infant

« Health care worker

; = | Cambodia

¢ Kampot province (Sister—

brother)
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\y Pandemic (H1N1) 2009 laboratory confirmed cases
[ Organlzatlon And number of deaths as reported to WHO

‘;@V World Hea |th - Timeline (22 July 2009 onwards)

\

Status as of: 06 September 2009 4

Pravious

8 a
Cumuiative deaths
e .10

® 1.5

® -1

. 01 and mora

- Countryanttorylarea wih cont Chingse Tapeihad rapcred fve daoths assodiated with pandeme (HINT) 2009,

© WHO 2009. All Rights Reserved. Disclaimer.
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International Co-circulation of 2009 H1N1 and Seasonal
Influenza (As of 8/14; posted 8/14 by USCDC)

England
United States Week 31-2>32

e 2°

— Chile
D % positive for novel| Week 3031

2009-H1N1 South Africa
influenza virus @ —-@ Week 3031
% positive for other .
. influenza subtypes @ @ New Zealand
and unsubtyped Week 31232

Note: Week 32: O _"O

August 3-9
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International Co-circulation of 2009 H1N1 and Seasonal
Influenza (As of 8/21; posted 8/21 by USCDC)

United States
Week 32233

0

[ % positive for novel Chile
2009-H1N1 Week 30
influenza virus

. % positive for other (D
influenza subtypes
and unsubtyped

Mote: Week 33:
August 10-16

England
Week 32233

OO

South Africa
Week 31232

Australia

Week 31 and 32

New Zealand
Week 31232
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International Co-circulation of 2009 H1N1 and Seasonal
Influenza (As of 8/23; posted 8/28 by USCDC)

England
United States Week 32->33

Week 3334 @—-@

Australia
[] % positive for Weeks 31+322>32+33
2009 H1N1 South Africa
influenza virus Week 32
% positive for other
. influenza subtypes @ New Zealand
Week 32233
Mote: Week 34:
August17-23
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International Co-circulation of 2009 H1N1 and Seasonal
Influenza (As of 9/4; posted 9/11 by USCDC)

Europe (ECDC) '
Week 34->35 Ehina

United States Week 33234
Week 35—>36 @ — @ 0
. 81/83 1301130 ~—

421539

891908
7551788 7051753 China, Hong Kong SAR
Kenya Week 34->35
Ecuador Week 3435
s ©.¢C OO
|:| % positive for 2,0352,836 _2,47313,260
2009 H1N1 21i76 13148

influenza virus
85185

% positive for other
influenza subtypes

MNote: Week 36:
August 31-Sept 6
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2009 pH1N1 epidemic in Talwan
(by the end of February 2010)
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Mathematical Epidemiology
(T2 n {7 Ve g )

Definition:
“The application of mathematics to the
study of infectious disease”

In: “Infectious Diseases of Humans: Dynamics
and Control” by Anderson and May, 1991.

*Includes, but not restricted to, statistics.
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http://www.cmu.edu.tw/

Advances in Mathematical Epidemiology |

e 1684/1687 — Birth of Calculus due to Newton
and Leibniz

1690 — Jakob Bernoulli solved a differential
eguation

« 1760 - Daniel Bernoulli (nephew of Jakob)
used mathematical model with differential
equation to study effectiveness of inoculation
as a public health policy against smallpox.
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Advances in Mathematical Epidemiology I

Empirical study of smallpox (1800°s):

e 1840 — William Farr fitted a normal curve

to the smoothed quarterly mortality data
from smallpox in England and Wales

between 1937-9.
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2003 Taiwan daily SARS cases by onset date
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Advances In Mathematical Epidemiology |

» 1908-1917 - Sir Ronald Ross (MD and
Nobel Prize laureate): continuous-time
mathematical modeling of malaria.

« 1927 - Epidemic threshold theory (Kermack
and McKendrick)

e 1930 - Net reproductive value (R. A. Fisher,
Genetic Theory of Natural Selection): basic
concepts for basic reproduction number R,
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Advances in Mathematical Epidemiology IV

« 1957 - George MacDonald furthers the
work of Ross (Ross-MacDonald malaria
model).

* 1979-1996 - Roy Anderson and Robert May
developed a comprehensive framework for
Infectious disease transmission, including
that of HIVV/AIDS.
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Origin of the term
“Mathematical Epidemiology”

(B2 5/ F)

e 1985 — The first use of “Mathematical
Epidemiology” In publication by Nakasujl
et al. J. Appli. Ecology, 22(3) 839-847

e 1991 — The term “Mathematical
epidemiology” was formally described in
book by Anderson and May.

(T rABEAY
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Mathematical Epidemiology

G 0 L }8 [e | mathematical epidemiology E:L

BmEs ; . p
LR iRE Gl OR i T S s ISR B oo G

EHES FrETE - BETCE 111169,300117F &mathematical epidemiologyss i H + LAT /24 1100 - 445017 £ -

= Mathematical Epidemiology of Infectious Diseases: Model Building. Analysis and Interpretation
O Diekmann, JAF Heesterbeek - 2000 - igitur-archive library.uu.nl

Title: Mathematical Epidemioclogy of Infectious Diseases: model building, analysis

and interpretation. Author: Diekmann, O. Heesterbeek, JAP. Year: 2000. Publisher:

John Wiley & Son. URL publisher: http://eu.wiley.com. Document type: Book (monograph ...
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g1 Mathematical Epidemiology of Infectious Diseases: Model Building
O Diekmann, JAF Heesterbeek - Analysis and Interpretation, Wiley, New York, 2000
iz5 [ 110 =X - HEEGE - M E R

mrmy P Mathematical structures of epidemic systems

W Capasso, V Capasso - 1993 - cwinl

... The main aim of mathematical epidemiclogy remains the same as it was at the very

beginning of the subjectin 1760, when Bermoulli wrote a paper on smallpox, that

is to evaluate the effects on the infectious agent and the host population of ...
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mrmy B Vertically transmitted diseases: models and dynamics

SN Busenberg, KL Cooke - 1993 - cwi.nl

... The main aim of mathematical epidemiclogy remains the same as it was at the very

beginning of the subjectin 1760, when Bermoulli wrote a paper on smallpox, that

is to evaluate the effects on the infectious agent and the host population of ...
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*Search result on September 15, 2008
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Mathematical Epidemiology

Got)gle g.‘[ﬁ]g% mathematical epidemiology ==
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=& Mathematical epidemioloqy of infectious diseases: model building. analysis and ...
O Diekmann, JAF Heesterbeek - 2000 - books.google.com

WILEY SERIES IN MATHEMATICAL AND COMPUTATIONAL BIOLOGY EDITOR-IN-CHIEF Simon Levin,
Princeton University, USA Mathematical Epidemiclogy of Infectious Diseases ...

#45 [ 703 ¢ - 1R 5 - A Erh BB A - 204t 4 @hE

i1 Mathematical Epidemiology of Infectious Diseases: Model Building
O Diekmann, JAP Heesterbeek - Analysis and Interpretation, Wiley, New York, 2000
#45 | 139 2K - fHE &=

> Vertically transmitted diseases: models and dynamics

SN Busenberg, KL Cooke - 1993 - cwi.nl

... The main aim of mathematical epidemiology remains the same as it was at the very
beginning of the subject in 1760, when Bernoulli wrote a paper on smallpox ...
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EiE1 Generalized kinetic (Boltzmann) models: Mathematical structures and applications
L Arlotti, N Bellomo, E De Angelis - Mathematical Models and Methods in Applied .., 2002 - WORLD
SCIENTIFIC
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Basic ideas of mathematical epidemiology

F Brauer - Mathematical Approaches for Emerging and Reemerging ... - books.google.com
Page 43. BASIC IDEAS OF MATHEMATICAL EPIDEMIOLOGY FRED BRAUER™ 1. Introduction.
Communicable diseases are an important part of modem life. ...

BB 1A 12 7K - R - 2t 2 @k

3151 Mathematical epidemiology of infectious diseases
O Dieckmann, JP Heesterbeek - 2000 - Wiley, New York
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*Search result on September 16, 2009
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Mathematical Epidemiology “Forecast”

~100% Increase in number of items per year
<==> Two-fold Increase In 1 year

<==> 210=1024-fold increase in 10 years
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Mathematical Epidemiology

=
GOLJSIQ q‘ﬁﬂgﬁ |ma‘themalin::al epidemiclogy |f‘§-‘#|
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[ # Mathematical epidemiclogy of infectious diseases

O Diekmann... - 2000 - oai.cwi.nl

Images of SMC Research 1 996 Mathematical Epidemiclogy of Infectious Diseases O. Diekmann
1. Introduction Epidemiclogy is concemed with pattems im space and time of the cccurrence

of dizease. From the patterns one may infer causes, predict the future and decide about __.

f#65 [E 1166 2 - JERE-rEE - S Ech@l s St - 804 10 iRk

& & Mathematical epidemiclogy

F Brauer, P Van den Driessche, J Wu... - 2008 - books.google.com

Editors Fred Brauer Department of Mathematics University of British Columbia YVancouver, BC
VBT 122, Canada braven@ math. ubc. ca Jianhong Wu Center for Disease Modeling Depariment
of Mathematics and Statistics York University Toronto, Ontaric M3J 1P3, Canada wujhi@ ...

5 [F 51 2 - $EMECEE - EErP RS SHEE - SO0 2 {fRRE

g1 Mathematical epidemiclogy of infectious diseases

O Dieckmann... - 2000 - Wiley, New York
2| i 28 oF - AERETE

2181 Mathematical models of transmission and control
RM Anderson... - 2004 - Oxford, UK: Oxford University Press
S | 40 2 - $HRE T - b e o SR

Molecular and mathematical epidemiology of Staphylococcus aureus and Streptococcus uberis

mastitis in dairy herds

RM Zadoks - 2002 - igitur-archive library.uu_nl

Maolecular and mathematical epidemiclogy of Staphylococcus aursus and Streptococcus uberis
miastitis in dairy herds. authors, Zadoks, Ruth Micolet. source, Diergeneeskunde proefschriften
(2003). full text, [Full text]. document type, Dissertation. dizciplines, Diergeneeskunde. ...
5 12 3K - JEMHCEE - B - 2803 6 JiRE

*Search result on September 14, 2011
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Why Mathematical Epidemiology Now?

o fg4 Tk B el Cleaner environment
(polio: emerge in Europe in 19th century,
first major outbreak in US in 1916)

e P-:f >k it Fast Globalization (HIV 19597
WNV 1999, SARS 2003)

« 4 P FHiE 4 0 Modern advances In science
and technology on understanding of
Infectious diseases. E.g., Molecular biology:
Is 1918 flu epidemic due to a strain of swine
flu? (Taubenberger and Morens 2006)
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Purposes of Mathematical Modeling

 Reconstruct history, design simple model,
and “predict” future

o Study sensitivity to parameters changes

 Compare effectiveness of control
strategies

 Design more refined models to improve
accuracy

-Fred Brauer
“Current Science of SARS Symposium, 2003”
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Important Principles

1. Start with a basic general model and
then tailor it to specific disease.

2. Simple model with few parameters may
be better than more refined models with
many parameters, especially if data is
sparse or unreliable.

3. Qualitative results are more reliable than
numerical predictions.

(W) rAERAY  YH. Hsieh
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Important Principles (cont)

Refine model when more reliable data
becomes available.

Compare models.

For future epidemics, It Is preferable to
use simple models.

Sensitivity to parameter changes is vital.

(W) rAERAY  YH. Hsieh
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Albert Einstein:

- Models should be as simple as possible,
but not more so.

- "When the solution i1s simple, God Is
answering."

(WprAEEAE  Y.H. Hsieh
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The KISS method

Keep It Simple and Stupid

-A mathematical biologist
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More Quotes

* “There are no right model, but
there are certainly lots of wrong
ones.”

* “All models are wrong, some are
less so than others.

(W) rAERAY  YH. Hsieh
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“Mathematics 1s a way of
thinking clearly, no more, but
no less.”

— Lord Robert M. May of Oxford, President of
Royal Society, United Kingdom, in Virus
Dynamics (2000 Nowak and May).
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“The mathematical method of treatment
(using mathematical model of malaria
transmission) Is really nothing but the
application of careful reasoning (=<
172 ) to the problems at issue”

-Sir Ronald Ross (1911)

(W) rAERAY  YH. Hsieh
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“I have deeply regretted that I did not
proceed far enough at least to understand
something of the great leading principles
of mathematics; for men thus endowed
seem to have an extra sense.”

-Charles Darwin (i£ § < ) in late 19" Century
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‘I ssmply wish that, in a matter which so
closely concerns the well-being of the

human race, no decision shal
without all the knowledge w

| be made
nich a little

analysis and calculation can-

provide’

-Daniel Bernoulli (1760) explained his
motivation to use mathematical model to
analyze the mortality caused by smallpox and

the advantages of inoculation to

prevent it.
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"Tell me and | forget, teach
me and | may remember,
Involve me and | learn.”

~Benjamin Franklin

(WprAEEAE  Y.H. Hsieh
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