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Infectious Disease)
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1. FZEREEANRS T © #54H 5 2/ Dr. Pejman Rohani & Dr. John Drake B EHIZHE o
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S o Dr. John Drake f3EE@E /AT A (University of Georgia) BIFEEY -
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“Estimated Ky

Vaccination

Pr 'rJ!J’,u_:F'r*.f-r;.’J.T

~vaccinated

SUSC
level, Sc, then R <1 and
infection can never ‘invade’

= Recall: R, = Rgs §
( || xr eshmates or interast: E
So, 5.=1/R, represents R.=1 and
homosexual men Ko 3 5
= 5]:3 I ual rkeln u i will achieve our goal
amo! male sex workenrs in Kean ]
"s Hﬂ So, critical vaccination
200% SARS c‘:Pldcl'ﬁlc_: ~% proportion fo eradicate is
1918 Influenza I.'.'l"-\l."."'l-\..: ~1.5-3 pe=l-s. = 1-1/Ry

2009 Swine Hu cpir:[emicz ~12-1.5
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Infectious Diseases)

1. PEREERTRE/ © 1540 8 2 H Dr. Alessandro Vespignani f Dr. Dennis Chao
B EHE o Dr. Alessandro Vespignani A 3B IEAKEZ (Northeastern
University) #i% » HELFTVHE - 5HERE R AHIYRERE 2 22 HHkE -
P BT B R T 7 2 BOR TR E B R A OB EE A (The Global
Epidemic and Mobility Model - f&f# GLEaM model) » MZFEMAFY 2009 4 HINI
FRERAT 2 B EHHZE - Dr. Dennis Chao %%3EE] Fred Hutchinson JEEERFZE
HROC AP B B YT ( Vaccine and Infectious Disease Division) 2
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(deterministic model ) ZERHRAIFEE A CURIR E IRV IREE Fomiz e
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HAREIHER (R) BiE - AIREASURS: S ERE - RS R 2

£ 1920 FRIHFERLHELS ST AREERY Dr. Lowell Reed sz Dr. Wade

Hampton Frost Fr3#fEEtHiHY Reed-Frost model (ERAZ-FINENL T —F% Dr.

Lowell Reed {EEFFHIABICAVEERMERIHAEERFENEZR - SA
ENGZRZ)) -

(2) FEt&MERAY (Stochastic models ) 2 A {EfS R HRil SRR 2 HMERME & > B2
1% PRI MR B — IE0454F (Binomial distribution) L SIR model
Byl > STSEATEAIIERE (At) EEELT -

SIR model

Spa =S, - Binom(S,, pAt1/N)

lyae = Iy + Binom(S,, BAt I/N) — Binom(l, uAt)
R, = R; + Binom(l,, uAt)

summing....

constant
Stest * hose + Reose = S+ 1, + R, |

population =

(3) FHIABEHEMERRY (Stochastic models) BA THERIELS » MU IIREITSS
FETERTAE - B FTRETEE S TR - 5 BTEE S RIS
% SRR RECER ST P BECHIEIRES - BIRHSEET
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0.25

02

1T E 015
|

7 e 1 nle ® ] ]
. {% 0.05
L

| :
80 100



(4) 1EENIEAI  —BdpEl e
Jefiae N CEH B R 35 2108
& (homogeneous mixing) »
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Wide spectrum of g22.
complications and complex 3
features to include...

@ 8D

O
Homogeneous
mixing

0%

Multi-scale
models

Social structure Contact network

models

Agent Based
maodels

Simple e Realistic

Ability to explain (caveats)
trends at a population level

Model realism looses in
transparency.
Validation is harder.

PRARDE > ATFEACR S I

- R AR (agent based models) BI/ELAE RS

Fo B REAPRGT I b (A (% 2 SRS BRI

(5) Dr.

Alessandro Vespignani fEspfe 7R Ta8H S T 2ERRITRES

K AOBEER (GLEaMmodel ) FEFRER > A E BB &R -

BRI Z A8~ S R R 2 2

&l > (EHEE
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TR RO TS, RS R

Mechanistic metapopulation models...

population layer

mobility layers

Parameter  Value Description
from Ry transmission probability
iod

epidenic layer

GLEaMviz Client ‘GLEaMviz Server

— - —— — o Design the comparimental model of the
infectious disease in the Model Builder.

—
o Configure the simulation of
the world-wide epidemic
=] spreading in the

|~ " ap g - Simulation Wizard
Slmulatlon W|zard T

_
o Submit the simulation for execution
by the Engine on the server.

o Inspect all simulations
and retrieve results in the
Simulations History

e Inspect the results of a simulation
in the interactive Visualization.

Figure 2 The principal GLEaMviz tool workflow with the GLEaMviz components involved in ead
infectious disease is created in the Model Builder. Next, the Simulation Wizard is used to configure the simulation and submit it for execution by
the Engine on the server. The Simulation History keeps track of the submitted simulztions and retrieves the simulation results when they
bacome available. The simulation results are finally inspected in the interactive Visualization.

h step. The compantmental model of the




(7) Ieah SR INEIREETEER  Hard problem: Adaptation
BRI AE EB TR A (FIryid gy Socelbehaver (n human and

= e changes to external stimuli:
7 5 T B G R I SRR F i v, nfomaton risk
awareness. Understanding of
the feedback loop

. » N , Disease 3
%E@iﬁ%ﬁﬁﬁﬁ Eﬁﬁ ’ ﬁﬁ@i{ﬂa‘ J? system behavior->prediction ->

information+adaptation -> new

S S A R (L B e Penaver
*Formal models and

’%va‘% , E\Z%%ﬁ@ﬁ’%fﬁ}%ﬁ@ﬁﬁﬁ understanding of social
= N adaptation/reaction during social
disruptive events, climatic and

Tﬁ > @Uﬁﬂ : E‘g'%ﬁégzﬁﬁ';ﬁ%;ﬁ economical changes, disease

progression,..

%ﬁiﬁgﬁ’%7ﬁﬁ Egj%ﬂ%ﬂ?} s j\fﬁ%{[“&_ ;Iiearrgggﬁrt\ 2007;Funk et al. 2010; Perra. _—

TEAVESEESETT > HEM A RE &R AN 2 A G AT - SO EINE T-2iw
EFROIEIFEENTT R o NI > T EEENS > REES LT
FofHEA 28 - BRAE YRR T I E TR 2 B E - DRl
RS SRR -

(=) 14 9-FHuRE BRI IE A B (Module 9: Stochastic Epidemic Models with
Inference)

. PREREERRRET © 154H 9 2 Dr. Ira Longini 2 Dr. Tom Britton B EfZR -
Dr. Ira Longini AEIPRFIAAEIYHEFRGET LR M HER - G1EE
B R R R 25 AT U0 AT S A AR E T I SR F#d% ~ Fred Hutchinson
FEEWTFE H O 2 i B AR R I 9 B B E R e i KB (University
of Florida) B kA&t BEt &P 01 4F » ¥ HhRk "Design and Analysis
of Vaccine Studies  EHFE » NG SBLE L SR EE Bl e B fE K I i i
S ~ HIND I e 15 4RE K o/ AFE it s P A ~ HON1 S50 Bk sz HIV eSS - Dr .
Tom Britton AylmdLilfifEEFpEEREE (Stockholm University) EEEZ TAT
B T'Stochastic Epidemic Models and Their Statistical Analysis j EFE

TEH » BHRDISEIER K A a e im e M E R A R oy T AR VB 2R

2. ERIENEREIL |

(1) ARFARFEEAMESELEAE 8 JH{E0 > F Dr. Tom Britton sEfZEEE A\ HEE -
55/ Dr. IraLongini AIFEHAS FTMAVH 72 M LS T4 SR ) =
(2) JRIEAYVEREEE S (transmissibility ) DK HEEE o (5 55 167 b R A R gt
(social structure) JRJE T BRIRHVERE KAERL By T A RER - A
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TeRT N ZRE T - bR T RCR IR EE (B0 RedE s (EREE T 5
RUA T D ~ Bebrb e DA M < R b ) - AR AR A SO e
PR EAS B b R 1A pERE (B0 : PRk ~ E2RUFsREIE ) - A REAR0E
IR

(3) FELEMELH 5 /48 IR m P R B AR AR B A2 e
=1-1/Ro > BEFEER) (efficacy » E) WIFHSZHAR (0<E= 1)°
{ERGAE R B 2 R Ty Pl BE W R AIER Ry 1-E » RREF I e RafdR Bl e
TRETEF A S R Z AL pe = (1-1/R)/E 5 EHIE RAIRK » Hix
T E RS o i R E R R AR G S R Y - SRS A
BRI AE I AFE AR 2 15 E -

(4) Dr. IraLongini DAEA5E
B A 2R P ey e R
e 2 =i S
B ZE RIS 70 e 2% A1)
R > LU EPREI N B

= v X ~ BERSS
EE%J—E ﬁ:@ %*X Example: pandemic influenza

Models with spatial dynamics

T ﬁ; iﬁl "5% H: y ZI%J g% e Simulated containment of a new strain of H5N1 (e.g., ring vaccination).
¢ Rural Thailand was modeled as a grid of connected populations.
( soOC i 8.1 netwo I'k ) i’%ﬁﬁ e Transmission in households, schools, community, etc.

¢ Infected commuters carried influenza to different patches.

2 MRS EhEERE (travel
1S tanCe )5 APA e R St s i G o b, G i s o, S
B YA LM A (E RS E R E ~ +1& ~ 2B~ TR SR E S A E
filgt¥ (daily contact probability) » PAHEfTREIEHEE T -

(5) BE#h > Dr. Ira Longini 4= T /A E GBI R ERIES 2
PAERCETAS © FHEBLAVESR B A IHTFCE IR - bR T AL el fdest
BRig T (AT KREOK A Al sE A RIRFAE » BUE A E AL
AU IE RSN - IS B NBUIRIE A IR E ; WL » bR T2 ERS
TEHAZ 484 (social network) BFr MRV BIRERE MR (daily
contact probability) EANCIERRHAESN - BB 800 g ELm G131k
st CRPAN B e B 55 1K » (ESSedm I T & fE R A
R BB ) - DS RS T Y 28 BLy 1 i T AU N ESE A (agent
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Cholera model structure

Vaceinali

~

e ‘vacc a0 — S
g Iniecuous asymptomauc
A
Susoeptlble —i“ Exposed ‘Iniecuous Y m[ i I'—.H!" | ‘
\~ Sanitation
Al

Environment @

e Cholera models can include both person-to-person and environmental
interactions.

e Vaccination can be assumed to offer the same protection as natural
infection or simply protect against illness after infection.

e Sanitation may reduce exposure to environmental cholera (e.g.,

supplying clean water) or reduce shedding into the environment (e.g.,
latrine building).

Mo vaccination

day 180 R
3
]
H
2
£
G 2
]
E
2
3
E
) b
&
o
AT Mo Dot dni 1 W p
@
Vaccination and education
day 180 -
3
]
]
2
£
g 2
g
g
H
g
> 10
w
o
a1 Mo Dect  dnt et M A
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Cholera metapopulation (patch) model

e |® R T
o0
. .
e Se—
[ ] S
1km \\ _{‘::’hq_

Modeling the spread of cholera

s Cholera can be transported by infected people or by contaminated
rivers.

¢ Commuting patterns + hydrology.

s Spatial heterogeneity

* In our most recent cholera model, people can shed Vibrio cholerae into the
river, which transports bacteria downstream. Therefore, people who live on
rivers have the highest exposure to Vibrio cholerae.

» Targeted vaccination might be appropriate.

80
A Reactive high—exposure vac, 30% hygiene
* Reactive high-exposure vac, 10% hygiene
6\9 v Reactive mass vac, 3p% hygiene __~
_ B0+ | o Reactive mass vac, =n
o + Reactive mass vac
)
L
)
> 40+
(1}
wn
)
8 20
o
0-

50 70

Coverage, %
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LIE5E4E ) ~ Mr. Charles Cheung 2 Ms. Jane Tsung-Chieh Fu (35/3EBEERTH
REMELPIHGEA ) FA - REPR TR R oy = EER0LESN  FEEREss R gt A
MHE TEE = Bl R e A GO & E 2t -

PR R A P RS RO IR IR Ry — PIES SIS - WSt R [FIRr A
FAEVIGETS « RIS AR~ R - TRl TR (BatesGE S RIEEER
fonkaEt) FEENAEITISHEBZ ST A EBE ST SIE B EE T
HHVERAA AR A e - ERER IR 8 2 BRI E BRAE - SO A R EE T
o G TFETEE T PV aR (A B R R T 1 2 R E A Ees i sidE sy
VRSN )i E ESTE seiil Sl ey Y d g syt i R S A N R
AHSHIREST © AN - R BN IO S E S > DT B B 3 S e
SRR R I TR 2 SR RIS KB U7k - IR R AR A v L A & TR (S
TEIRIABERSRT -

(<) EERARRORASIUEMVIERG - SRR @ S (e T
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Daily Schedule

Time Daily Activity
8:00 am — 8:30 am Coffee (and Registration on Mondays)
8:30 am — 10:00 am Class Session

10:00 am — 10:30 am Break

10:30 am — 12:00 pm Class Session

12:00 pm — 1:30 pm Lunch (and Registration on Wednesdays)
1:30 pm — 3:00 pm Class Session

3:00 pm — 3:30 pm Break

3:30 pm — 5:00 pm Class Session

5:00 pm — 6:00 pm Participants’ and Instructors’ Reception

(Mondays and Wednesdays)

Calendar
Monday Tuesday Wednesday Wednesday Thursday Friday
(830 am6pm) | (830 am—-3Fpm) | (8:30 am-noon) {1:30 pm—6 pm) (8:30 am—3 pm) | (8:30 am—5 pm)
July 9 July 10 July 11 July 11 July 12 July 13
Mod 1: Probability and Statistical Inference* Mod 4: Causal Inference
Mod 2: Evolutionary Dynamics and Molecular Mod 5: Mathematical Models of Infectious Diseases

Epidemiology of Viruses*
Mod 3: Infectious Diseases, Immunology and
Within-Host Models

July 16 July 17 July 18 July 18 Tuly 19 Tuly 20
Mod 6: Design and Analysis of Vaccine Clinical Trials |Mod 9:  Stochastic Epidemic Models with Inference
Mod 7: MCMC I Mod 10: Evaluating Immune Correlates and Vaccine
Mod 8: Stochastic Simulation Methods for Effects on Pathogen Sequences

Infectious Diseases

Tuly 23 TJuly 24 Tuly 25

Mod 11: MCMC II Methods for Infectious Disease Studies
Mod 12: Graphs and Network Theory in Infectious Diseases
Mod 13: Introduction to Metagenomic Data Analysis*

Only one (1) module may be faken
SJor each 2.5-day block.

= Co-listed in Summer Institute in Statistical Genetics
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