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Goals for today’s webinar

 Want to introduce the population modeling working
group to IMAG and invite you to be a part of the WG

* Describe efforts by two teams (Yale and Virginia
Tech) to support Ebola response

* Introduce the use and role of multi-scale population
modeling in computational epidemiology
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Ebola outbreak in Africa

Confirmed and Suspected Areas with military roadblocks [ ] Borders closed

Largest Ebola outbreak yet: 5 countries; s

24000 cases: 9000 deaths.

Excellent NY Times webpage: http:/
www.nytimes.com/interactive/2014/07/31/world/
africa/ebola-virus-outbreak-ga.html
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Goal: Real-time response

— L oo |
* Before an epidemic
Epidemic Science in Real Time

: . H FEW SITUATIONS MORE DRAMATICALLY ILLUSTRATE THE SALIENCE OF SCIENCE TO POLICY THAN AN
— I e e rl I I I n e e n O n I I I e I Ca Harvey V. Fineberg is epidemic. The relevant science takes place rapidly and continually, in the laboratory, clinic, and
president of the Institute  community. In facing the current swine flu (HIN1 influenza) outbreak, the world has benefited
of Medicine. from research investment over many years, as well as from preparedness exercises and planning in
H H H . H 1: many countries. The global public health enterprise has been tempered by the outbreak of severe
I n e rve n I O n S re u I re I I e a S I I I O acute respiratory syndrome (SARS) in 20022003, the ongoing threat of highly pathogenic avian
I
t L] t LN tl | L] f
containment, (Il ) opumal SiZze O
tockpile, (iv ) best f
SLOCKpIle, (IV ) best use O
" ] world (www.iom.edu/swinefluaffair). Decision-makers failed to take
h a rm a Ce u tl Ca | S O n Ce a a n d e m I C seriously a key question: What additional information could lead to a dif-
Mary Elizabeth Wilson is ferent course of action? The answer is precisely what should drive a

tributions in real time. By conducting the right science and communicating expert judgment,
scientists can enable policies to be adjusted appropriately as an epidemic scenario unfolds.

In the past, scientists and policy-makers have often failed to take advantage of the opportu-
nity to learn and adjust policy in real time. In 1976, for example, in response to a swine flu out-
break at Fort Dix, New Jersey, a decision was made to mount a nationwide
immunization program against this virus because it was deemed similar
to that responsible for the 1918-1919 flu pandemic. Immunizations were
initiated months later despite the fact that not a single related case of
infection had appeared by that time elsewhere in the United States or the

09

flu, and concerns over bioterrorism. Researchers and other experts are now able to make vital con-
research agenda in real time today.

associate professor of

[ Global Health and In the face of a threatened pandemic, policy-makers will want real- »
b e g I n S Population at the Harvard ~ time answers in at least five areas where science can help: pandemic risk,
School of Public Health vulnerable populations, available interventions, implementation possi-
and associate clinical bilities and pitfalls, and public understanding. Pandemic risk, for exam-
professor at Harvard ple, entails both spread and severity. In the current HIN1 influenza out-
Medical School, break, the causative virus and its genetic sequence were identified in a matter of days. Within a
Boston, MA. couple of weeks, an international consortium of investigators developed preliminary assess-

' ' . ments of cases and mortality based on epidemic modeling.*

. u r I n a n e I e m I C Specific genetic markers on flu viruses have been associated with more severe outbreaks. But
virulence is an incompletely understood function of host-pathogen interaction, and the absence
of a known marker in the current HIN1 virus does not mean it will remain relatively benign. Tt
may mutate or acquire new genetic material. Thus, ongoing, refined estimates of its pandemic

potential will benefit from tracking epidemiological patterns in the field and viral mutations in
the laboratory. If epidemic models suggest that more precise estimates on specific elements such

Downloaded from www.s

H H . H H as attack rate, case fatality rate, or duration of viral shedding will be pivotal for projecting pan-
— I u a n I I n ra n S m I SS I O n a ra m e e rS demic potential, then these measurements deserve special attention. Even when more is learned,
b) adegree of uncertainty will persist, and scientists have the responsibility to accurately convey the
extent of and change in scientific uncertainty as new information emerges.
.. . . . . . A range of laboratory, epidemiologic, and social science research will similarly be required
I I I n te r retl n re a | —tl m e e I d e m I O | O I Ca | to provide answers about vulnerable populations; interventions to prevent, treat, and mitigate
disease and other consequences of a pandemic; and ways of achieving public understanding that
avoid both over- and underreaction. Also, we know from past experience that planning for the
implementation of such projects has often been inadequate. For example, if the United States
decides to immunize twice the number of people in half the usual time, are the existing channels
of vaccine distribution and administration up to the task? On a global scale, making the rapid
availability and administration of vaccine possible is an order of magnitude more daunting.
Scientists and other flu experts in the United States and around the world have much to
occupy their attention. Time and resources are limited, however, and leaders in government
agencies will need to ensure that the most consequential scientific questions are answered. In the
meantime, scientists can discourage irrational policies, such as the banning of pork imports, and
in the face of a threatened pandemic, energetically pursue science in real time.
— Harvey V. Fineberg and Mary Elizabeth Wilson

trends, and (iii) assessing impact of
Interventions.

10.1126/science.1176297

CREDITS: (LEFT) ED LAUSCH; (RIGHT) JUPITERIMAGES.

*C. Fraser et al., Science 11 May 2009 (10.1126/science.1176062).
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Our approach: Informatics for integrated
reasoning about situations and actions

Goal; Build a suite of informatics tools that

— Synthesize: available data to produce consistent and meaningful
representation of the underlying system

— Provide: range of interpretations of incoming measurements
— Evaluate: range of response actions and behaviors
— Monitor: Effect of policy responses evaluation of objectives
Support coordination among diverse stakeholders
Want to go beyond prediction

Build systems, synthetize data and refine as we go along

— Systems should be useable by analysts and not just by computing
experts
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Response: Analysis and tools

© Our Response Timeline

FINDING MODEL TOOLS AND ASSESSING SITUATION SCOPING THE SCALE OF RESOURCES NEEDED PREPARING FOR THE FUTURE
VBI responds to DoD request for estimating future Ebola Researchers tune models to fit case reports to Support and research continues as the epidemic and
cases and the impact of interventions on the outbreak. understand what resources may be needed. agency needs evolve.
SUPPORTING EARLY PREPARATIONS PLANNING A LARGER RESPONSE INCORPORATING TRAVEL
Early models predict exponential increase and As cases continue to mount, the VBI research team forecasts how Researchers calibrate agent-based models to
critical need for response. best to direct major resources needed to bring the outbreak find out which region Ebola will strike next.
under control.
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Madhav Marathe

Director, NDSSL

Phone: (540) 231-8832
Email: mmarathe @vbi.vt.edu

Bryan Lewis

Lead Epidemiologist
Phone: (571) 858-3112
Email: blewis@vbi.vt.edu

Network Dynamics &
Simulation Science Laboratory About Research

@ VirginiaTech

Virginia Bicinformatics Institute

Ebola People Careers

URL: https://www.vbi.vt.edu/ndssl/featured-projects/ebola

Informatics Resources for Ebola
Epidemic Response

About Ebola

The latest Ebola outbreak in Western Africa has illuminated the
significant threat posed by infectious diseases to human lives and
society. The ongoing Ebola outbreak is by far the largest in history.
As of October 12, 2014, over 5500 individuals have been confirmed
infected and have caused almost 4500 deaths. It has ravaged
Guinea, Liberia, Sierra Leone, with smaller outbreaks in Nigeria and
Senegal, causing significant social, health and economic impact.

Ebola is a challenging disease to combat. There is no known cure
and the mortality rate is high. While its origins are zoonotic in
nature, once spread to humans, Ebola can be passed onto another
through bodily fluids. The average incubation period is six days, but
can last as long as 21 days. During that time, those that are
infected are not contagious. However, given the means of
transmission, the outbreak can be controlled using proper
precautions.

The current web page is created so as to make the data, methods
and analysis available to the world community in an attempt to
speed up the scientific progress on this important public health
crisis.

B3 Synthetic Information

S| Visualizer

Q@ Ebola in the News

October 27, 2014

Quartz features Madhav Marathe;
crowdsourcing and
supercomputing and Ebola

October 27, 2014

NDSSL'’s Ebola data and
Hackathon featured in IBM
Smarter Planet Blog



1 Examples of analytic support for Ebola response

* Estimating basic epidemiological parameters for the outbreak
 Forecasting the ongoing epidemic with & without control

 Assessing the threat of imported cases in the United States causing
secondary infections

« Efficiently allocating of potential pharmaceutical treatments

* Location of Emergency treatment centers and assessing the impact these
centers will have on the outbreak

» Estimating the need for supplies such as personal protective equipment
* Analyzing Twitter data to assess public mood & sentiments
 Assessing the potential spread of Ebola to Latin American countries

I VirginiaTech NE—— —
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Lessons learned

 Close coordination with analysts and policy makers is critical
— Helped with problem formulations
— Led to relevant analysis
— Led to entirely new research questions and requirements

 Well trained multi-disciplinary team critical

— Past experiences (e.g. SLE exercises, HIN1 response) allowed the team to be
prepared and trained

— Strong collegiality within the team as well as with DTRA, BARDA, NIH MIDAS and
other groups was the key

— Maintaining a ready team is important - cannot be assembled real-time

« Managing expectations: balancing science and timely response
— Science is inherently a slow deliberate process, policy makers need results quickly
and adaptively
« Utility of the tools developed to support the next epidemic outbreak

I VirginiaTech
Virginia Bioinformatics Institute Network Dynamics & Simulation Science Laboratory
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Pervasive webapps to support Ebola response
http://www.vbi.vt.edu/ndssl/tools

EpiCaster Einiewer Eyes onthe Ground

EpiCaster EpiViewer Eyes on the Ground

Users can view Ebola (or Flu) activity for EpiViewer is a data repository for Road conditions can be variable in some of
the past four weeks and view forecast epidemiologists. Users can upload and the rural areas in Western Africa. Eyes on
predictions for the next two weeks. They compare Ebola forecasts and surveillance the Ground allows people in affected areas

can also view forecast trends and compare  data from a variety of sources and see how  to report their road conditions. Other
them to surveillance data. EpiCaster allows forecasts change over time. Users can also  travelers can then view these reports and

users to see what impact various load and share their own forecasting plan their trips accordingly. This is
strategies, such as vaccines and social predictions. especially useful when planning the
distancing, have on disease spread. delivery of patients and supplies between
cities.
I VirginiaTech
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Mass action compartmental models

- Susceptible (S): An individual has never as _ s
had the disease and is susceptible to dt |
being infected:; a Bis — ~i
* Infected (l): An individual who currently gt
has the disease and can infect other - i

dt

Region 9 (mean quality = 2.764)

individuals, and

* Resistant/Recovered (R): An individual

does not have the disease, cannot infect
others, and cannot be infected

4500
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t
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] g §
sometimes called removed 7
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Networked epidemiology
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m Each node is in states S (susceptible), | (infectious) or R (recovered)

m Time is discrete

m Each infected node u spreads the infection independently to each
susceptible neighbor v with probability p(u, v)

m Infected node v recovers after 1 time step

m Fixed point: all nodes in states S or R
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A Multi-scale modeling approach: networked
epidemiology and agent-based models

Zone 1 Zone 3

Village A
[

A

A A s [ ]
m‘f&?ﬂ’? ‘ _
, Village B
. =

B

Zone 4

Zone 5 Zone 6
FIG. 7. In an agent-based approach, individual behaviors and interactions can be represented across multiple coupled
L Virgir networks. These interactions can induce changes in the entities, which can, in turn, change which entities they interact with, _
vignaBi - and the nature of the interactions themselves.



Workflow for synthetic networks and populations

Data at URL: https://www.vbi.vt.edu/ndssl/featured-projects/ebola

Current Population
Distribution*

Synthetic
Population
Pipeline Synthetic Population

one

- Administrative region
- Residential road data

- Building ibuti
+ Populatiol

~Population density estimates
i count

ype di
n/household counts

Census Data

—— e ——

ooal” uoo - n

ﬁ[}“r 1278
AL |

Activity templates Activity template 4
w/ decision trees mapping to individuals B
POCs: Hannat POCs: Hannah; Samarth; POCs: Abhijin;Samarth; 1

« Activity surveys
+ Activity templates

¢

7 Inputdata
) Work-flow

—@» Tested output data
op Testedand

curated data

==~

POCs: Dawen;

Location assi
to all activities
POCs: Dawen; Samarth;

Location mixing Contact network Modeling, analysis
model assi 2 i and visualization
POCsMaleqiChrisk. | | POCsiMaleg;Chen POCs: Maleq; Dawen; Bryan; Chiis K.

Time Use Surveys

= Automatic execution of workflows
= |ntegrated data testing
S = Data quality measures

Configuration Management
Il VirginiaTech
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gewidy ... Produces synthetic networks are dynamic &

relational
People Locations

Vertex attributes: Q
. age ® Vertex attributes:
« household size * (X,,2)
 gender O O * land use
* income . * ...

Edge attributes:

« activity type: shop, work,

school

* (starttime 1, end time 1)

* (start time 2, end time 2)

Network Dynamics & Simulation Science Laboratory



SIV:ndssl.vbi.vt.edu/apps/siv

Synthetic Information Viewer (for Ebola Countries) —

SIV: synthetic population visualization tool. =& 5~
ST . . e B =}
* Each synthetic individual is placed ina =z,

household with other individuals and
household is located geographically

 Census of our synthetic population is
statistically indistinguishable from the
original census data.

 Multi-resolution: Explore individual or
household level or county level, =
national attributes

» Users can visualize individual attributes
and their interrelationships within a
households

 Two versions - US and International

I VirginiaTech

Virginia Bioinformatics Institute
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Synthetic West Africa: Demographics

Country 1D P NHH ny nw ng No nA
Sierra Leone SLE-vl | 5.743.725 080017 080017 134847 9617 5 23.663.983
Guinea GIN-vl | 11,521,656 2375532 2.375.532 250,006 9317 6 55069905
Liberia LBR-vl | 4092310 844066 844066 88,016 5477 20 22.202.262
Liberia LBR-2gp | 4,092,310 844,066 844,066 85,395 5,498 25 22,502,300
Liberia LBR-Ogp | 4,092,310 844,066 844,066 85395 5498 25 20,144,766
Liberia LBR-1dt | 4,092,310 844,066 844,066 88016 5477 20 22.202.262
Measure | Synopsis
: x | P| size of population
Quantity Meanu.lg . . V| number of vertices
ID population identifier IE| mimber of edges
1P| population size Amin minimal degree
N H number of household units dmax maximal degree
nH number of residence locations D average degree
e namber of work locations A1 largest eigenvalue of adjacency matrix
W . A2 second largest eigenvalue of adjacency matrix
ns number of school locations
ng number of components
nc number of colleges |Vinax| size of largest components
na total number of activities per day r relative size of largest component |Viax|/|V|
- - - - D diameter
nr number of labeled (7) triangles
c average cluster coefficient
[J VirginiaTech
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West Africa: Social contact network

properties
Population | P| 14 |E| Amin  Amax d A Ao
GIN-v1 11,521,656 11,425,439 183,268,217 0 255 32.69 124.84 124.70
SLE-v1 5743725 5733911 93734286 0 164 3260 97.84 97.81
LBR-v1 4,092,310 4,084,569 84,789,847 0 249 41.52 12548 125.34
LBR-2gp 4,092,310 4,077,272 87,255,911 0 254 4280 126.83 126.41
LBR-9¢p 4,092,310 4,077,426 78,830,017 0 250 38.67 111.97 111.93
LBR-1dt 4,092,310 4,079,500 146,386,825 0 721 71.77 202.99 195.47
Population ne | Vinax| r D nr c
GIN—Vl] 115,224 11,113,955 0973 21 1,457.330,472 0.67
SLE-v1 10,543 5,704,544 0.995 16 683,523,753 0.61
LBR-v1 14,073 4,051,099 0.992 18 720.629.723 0.59
LBR-2gp 10,106 4,053,906 0.994 16 824,000,000 0.59
LBR-9gp 10,014 4,054,303 0.994 17 679,000,000 0.59
LBR-1dt 3,611 4,071,515 0.998 11 1.52841e+09 0.47

irginia Bioinformatics Institute
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High performance computing simulations

EpiSimdemics

eatures , ' ’
IPDPS'14) (ICS‘o9) (ICS'10, 11)
Interaction-Based Combinatorial Interaction-based,
lution Method Simulation +discrete time Interactive
oo Simulations

Performance 180 days
9M hosts & 40 proc.

1 min (300K cores) for
3o00Million nodes

~40 seconds

15min-1hour

How was the method
used

Modeling detailed
interactions at
hospitals and funerals

Calibration and
forecasting

Contact tracing based
detection and
interventions

Disease transmission

Edge as well as vertex
based (e.g. threshold

Edge based,
independence of

Edge based

model : . .
functions) infecting events
Scripted, groups Scripted and
Query and pred, group P Very general: no
: allowed but not specific groups e
Interventions : restriction on groups
1 dynamic allowed
I VirginiaTech
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SIBEL VIRGINIA BIOINFORMATICS INSTITUTE Welcome Sample User | Feedback | Logout

Web based tool for in-silico >~~~ -~~~

. . . . EXPERIMENTS ANALYSIS INITIAL CONDITIONS DISEASE MODELS TRIGGERS REGIMENS ADMIN ABOUT
epidemiological experiments  cperiments
. . . My | All
based on realistic social network el N\
[2643] Ebola Analysis_Liberia Ebola Analysis_Liberia
Running 3 Cells Nov 202014, 01:51 Sample More Actions ¥

simulations.

[2683] SpatialSpreadLiberia...

Liberia Q + New Experiment

Archived

Complete | 1 Cell | Nov 20 2014, 01:30 | Sample More Actions ¥ Replicates Simulated Days Srbridge ‘p'(ﬁrkland' [ Red

nteractive, easy to use GU {2682 beria-Tavel - V.. e L dee
) y Complete | 1Cell | Nov 19 2014, 23:38 | Sample More Actions v Total Cells M"_del Ao 7

3 EpiFast L2 VQqntent‘Lg\\%y i “( 53

| ] | ] | ] | ]
Specifies factorial designs to e
Complete [ 3 Cells | Nov 18 2014, 08:30 | Sample More Actions ¥ Disease Models
AL_25 Strong flu

' ! [2663] Ebola Analysis_Liber...
I n Ves I g a e ra n g e O pa ra I I I e e rs Complete | 3 Cells | Nov 17 2014, 14:21 | Sample More Actions ¥ Incubation Period Infectious Period

- .
Day 0 1 2 3

-
Day0 1 2 3 456

Probability
Probability

[2652] Ebola Analysis_Liber...

Useful for planning and course =~ <=« =

[2609] Liberia START Initial Conditions Enabled Interventions

of action of analysis activities for ===

[2480] Liberia -1 with intev... OnDay0

| t Complete [ 1 Cell | Oct 312014, 10:03 | Sample More Actions ¥ 5
analysts.

123
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Supporting real-time response using pervasive
web-apps, multi-scale models and synthetic
populations/networks

I VirginiaTech NE—— —
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Ebola Research Activities

Situational Awareness
— Situation reports / Facebook
— Twitter
» Deterministic Compartmental Model
— Simple forecasting and many experiments
 Stochastic Compartmental Model
— Intervention effectiveness, forecasting with stochastic variation

« Network and population synthesis

« Agent-based Simulations
— US likelihood experiments
— Adaption of modeling framework to Ebola-like disease transmission and intervention
— National spread models in West Africa
— Evaluation of stochasticity
— Calibration of detailed models
— Vaccine stockpile experiments

I VirginiaTech
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Support for Ebola Related Requests

Supported 4 official requests

SOUTHCOM

— Risk assessment of disease spread risk with cases imported to Central
and South American nations

NORTHCOM

— Risk assessment of disease spread risk with cases imported to Mexico
and Caribbean nations

Regional Contingency Team — Ebola (RCT-E)

— Risk assessment of disease spread risk with cases imported to
surrounding West African nations

NORTHCOM: Amalgam Dragon

— Training exercise using hypothetical Ebola as bioterror weapon in US
population (prior to West African crisis)

I VirginiaTech NE—— —
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%’ Maintaining Situational Awareness

Cumulative case counts Distibution of § oW Contacts per Distribution of # now contacts per

12000
10000 | — Sierra Leone
8000 | T Libgria
6000 | T Guinea
4000
2000
0 I E N [ | - - om
1600 Weekly InCIdence © Newc | t/ new cases New conta t/ new cases
1400 | —— Sierra Leone ®
1200 | | iberia Z
1000 ) Guinea €
800 5 2
600 Q1B
10
400
200
0
r)p\ 7‘0\& /LQ\A qp\h rLQ\b' rlb\b‘ rLQ\6 P&@m@ »ﬂ@ﬂp wqﬁ@ 6@"5@ 5@?&@ 639*110 6@@@ w«‘sh& W@@ »\\;& w\”‘blo w@‘\l“ wq"“’@ 629"@10 cﬁvﬂl
W ) R o Qo e o date

* Keep decision-makers appraised of the situation
— Up to October, no larger organizations provided such analyses
 Required integration, organization, analysis, and
interpretation of multiple sources of information
* Use this understanding to design simulation experiments

I VirginiaTech
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Maintaining Situational Awareness

Eb I c d D th S b c t cmrivers / ebola @ Watch v 43 * Star 211 YFork 148
DAILY EMAIL REPORT Lab y?|Confirmed| lative? P branch: master - ebola / liberia_data / 2014-09-26-v134.csv o=
New! suspected and probable| |confirmed | Caseson | Cumulative® cases 23 May- o
County cases (Alive and Dead) Cases Contact FEBUARY 9th 2015 . k’ jsoma on Oct 16, 2014 rename River Cess County to RiverCess County
(Aliveand |  List ve 2convivutors [§3 5B
Total | Suspect | Probable Dead) Total |Suspect| Probable |Confirmed) deaths? =
Bomi 1 1 0 0 0 319 | 101 79 139 174
I X @ ¢
Bong 3 3 ° o o 601 417 38 150 159 33 lines (32 sloc) 2.607 kb Raw Blame History [@ o' T
|Gbarpolu 0 0 ] 0 0 35 16 3 16 13
rand Bassa 0 0 0 0 0 182 55 73 54 80 Date Variable National Bomi County Bong County Gbarpolu County Grand Bassa Gr
rand Cape Mount 0 0 0 0 0 320 | 178 52 94 201 09/26/2014 | Specimans callected
rand Gedeh 0 0 0 0 0 11 8 0 3 6 09/26/2014 Specimens pending for testing
rand Kru 0 0 0 0 0 36 14 18 4 27 09/26/2014 Total specimens tested
Lofa 1 1 0 0 0 679 | 195 146 332 405 09/26/2014 Newly reported deaths 64 2 4 0 0 0
Margibi 0 0 0 0 0 1292 | 460 441 391 582
09/26/2014 Total death/s in confirmed cases 882 29 14 0 17 6
Maryland 2 2 0 0 0 28 22 2 4 23
Montserrado 31 31 0 o o 2932 | 2200 a71 1794 | 2059 09/26/2014 Total death/s in probable cases 656 33 21 0 9 3
Nimba 0 0 0 0 0 337 90 131 116 60 09/26/2014 Total death/s in suspected cases 437 4 70 0 7 5
River Gee 3 3 0 0 0 28 16 5 8 16 09/26/2014 Total death/s in confirmed, probable, suspected cases 1975 66 105 0 33 14
River Cess 0 0 0 0 0 44 10 10 24 27 09/26/2014 Case Fatality Rate (CFR) - Confirmed & Probable Cases
FOE 0 0 0 0 0 61 36 7 18 26 09/26/2014 Newly reported contacts 283 0 10 0 0 0
NATIONAL a1 a1 0 0 0 8864 | 3876 | 1869 3147 | 3846 09/26/2014 Total contacts listed 12921 549 767 0 263 80
1From daily email county reports of aggregated data for that day
2L aboratory confirmed cases of suspects and probable cases identified during the preceding days 09/26/2014 | Currently under follow-up 6774 | 441 170 0 161 7
3melindividual-level data. from 'the Case Investigation form; cases may be reclassified according to surveillance case 09/26/2014 Contacts seen 6425 440 170 0 161 0
definitions  MIncrease in daily reported cases by county Il County did not report
09/26/2014 Contacts who completed 21 day follow-up 287 101 0 0 0 0
09/26/2014 Contacts lost to follow-up 19 2 0 [ [] 0
09/26/2014 New admissions 31 0 5 0 0 0

https://github.com/cmrivers/ebola

Situation reports, Facebook updates, WHO reports, etc. were
digitized (often from PDF tables) into a more computable CSV
format shared via GitHub.
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¥ Maintaining Situational Awareness

Most common images:

' - sEbolabustdy

Prénoms
Gargon Fille
Noel Noélla
Emmanuel (€ Emmanuela |
Daniel Daniella
Ebo (7227222722272

Em

Tatel

Photo content: Solidarity with Ebola affected countries, Jokes
about bushmeat, Ebola risk, names, positive health message

ebolaTracker Tweet Volume from Sat 08/23/14 to Tue 09/23/14

450
I kw-corrupt
400
0 kw-cure
350 I kw-fear
[ kw-guinea
4300 = kw-liberia
[ kw-sierraLeone ||
I kw-other

A=

. L - i
o D= e e e e e ! =i=|(C1=| S SRR 21| A =i 21 SIEIEEEA SRR Sl ISEIZIE =il B =]
08/25 00 08/30 00 09/04 00 09/09 00 09/14 00 09/19 00
Date/time (GMT 0)

bolaTracker rch for "Ke ywo d S rch",
2093R|thwet Fou
2014-09-16 04:05:54+00:00 to 2014- 09 23 03 53:58+00:00

',.i i 3 ‘.‘.l}___
ol R

PO N A P O %:g———-

Twitter Scraping began in mid-August,

Of any mention of Ebola in Africa. This tool
also extracts images from tweets and keeps
track of the most popular ones as depicted
here (Week of Sept 17-23). The most
common tweets this week were about fighting
Ebola, and a few jokes indicating a grown fear
and awareness of the threat posed by Ebola.
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I\/\odeling Ebola: Compartmental model

Epidemiol. Infect. (2007), 135, 610-621. ® 2006 Cambridge University Press
doi:10.1017/S0950268806007217  Printed in the United Kingdom

1
Susceptible — ﬁ( BiSI+ By SH + BESF) Understanding the dynamics of Ebola epidemics

l (ﬂISI +ﬂHSH +ﬁFSF) _ aE J.LEGRAND®* R.F. GRAIS,P. Y. BOELLE,A.J. VALLERON anp A. FLAHAULT
N

Exposed

not infectious

INSERM, UMR-S 707, Paris, France, and Université Pierre et Marie Curie-Paris 6, UMR-S 707, Paris, France

(Accepted 14 July 2006; first published online 26 September 2006)

aE — (7,01 +7,(1—01)(1 —61) +74(1 —61)61)1

Yh011 — (Y 4p02 + v 1 (1 —02))H Legrand, J, R F Grais, P'Y Boelle, A J Valleron, and A Flahault.
“Understanding the Dynamics of Ebola Epidemics”
Epidemiology and Infection 135 (4). 2007. Cambridge
University Press: 610-21.

doi:10.1017/S0950268806007217.

Funeral yqa(1— 01)0.1+ thazH —y¢F

Infectious

bbbl yi(1—60)(1 =) +74(1 —O)H +7,F

or dead and buried
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%%’ Modeling Ebola: Optimized Fit Process

» Parameters to explored selected
— Diag_rate, beta_|, beta_H, beta_F, gamma_I|, gamma_D,
gamma_F, gamma_H
— Initial values based on two historical outbreak

» Optimization routine e a

— Runs model with various permutations of .. \
parameters ;H B S |

— Output compared to observed case count . Nf

— Algorithm chooses combinations that M =
minimize the difference between . T S N N O
observed case counts and model outputs, .~ ———
selects “best” one

I VirginiaTech NE—— ScyP>==: AN
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Ebola Model: Estimates

10000 Guinea, Liberia, SL model fits Source of new infections
Community
8000
g
8 6000 rl: 1.1
£
2 rH:0.4
S 4000
= rF:0.3
O
Funeral N
2000 Overall:1.7
Hospital
0
Apr May Jun Jul Aug Sep Oct
2014
[J VirginiaTech 32
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Ebola Model: Estimates

Weekly incidence comparison

4000 5000 All Countries
Model —— Data
%0 . paa e
=== Ju
3000 4000 - - - Aug 06
== Aug 13
2500 == Aug 20
oo [
2 - e
; 2000 2l Seﬁ 10
3 1500 el
: 2000
1000
500 1000
0
-500 ° ;p-r ;o-14- . May 2014  Jun2014  Jul 2014 Aug2014  Sep2014  Oct2014
A B 0\& 0\& o\h 0\& Q\b'
ot W w%"’ 5e® o Qo
8/10- | 8/17 - |8/24 - 9/8- | 9/14-
8/16 8/23 8/30 9/13 9/20

Actual 23] 442 559 /83 68l 959 - --

Foreca 336 403 483 578 693 830 994 1191
st

I VirginiaTech a3
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 Late September
WHO published
results from the
detailed
epidemiologic data

 Estimates derived
from the fitted
compartmental
model were very
close to that

measured by the
WHO.

I VirginiaTech

Virginia Bioinformatics Institute
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15.00

10.00

5.00

Ebola Model: Evaluation

Interval comparison

M Liberia WHO
Liberia VBI
M SLWHO
SL VBI
(o) S O ~\’b\ Q
P e ae? of R &*
£\ o ™
O (\ge\ o \O
e &
o o®
2\
)
me ia WH WHO = SLVBI  Vespignani  Althaus  Towers  Nishiul ra  Fisman  Meltzer
1.7 12.00 10.80 00 57,
6 (infec (imse'c:‘ 6
15.0 0.0 iod) periods) period)
133
20
3.2 4.1
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es-on-the-Ground

+ Kenema
o

Clogile

Sier@a Leone «oidy

Monrovia
o]

Guecl;edou

Nzerekore
o

Liberia

Map | Satellite

Seguela
1
18]
[ 15
Man
o
Daol(
m
Soubre
o

Parc national de Tai

San-Pedr.
O

Map data ®2015 Google = Terms of Use

Describe the road conditions between
two regions in Sierra Leone

Origin: Destination:

Binkolo (Bombali) v ‘ Kamabai (Bombali) v

Date of Observation:
m 02/18/2015

Last reported: 01/27/2015
Total Responses: 1 See Results

Road condition:
v

Last reported: unknown

Travel Duration:

enter time in mins

Last reported: 36 minutes

Mean: 36 minutes

2npwy uem seboy | cusude conuph

20’ 191 9 [0f9] OL 5 LeboLf2 oU Lo couqiflou2 PIAE peel 2Mpliffeq {0 EAe2-0U-fue-GLomug (oL fpi2 fub’

Traffic Level:
v

Last reported: unknown

5042-04-5) AUKUOMY 3e nuKUOMY 20nLce: 1sliouz

5042-05-18 bsezsple 10 weainw

Any additional comments:

DIl6 0L OP26LAIMIOL | 50IQ COLQUIOUZ | LL9AG| DALIMION | LLIWIC F6AS] | YQQUIOUs| COWWELE

This field is optional

Be|oMm Aorl 266 9 PI2folA oL ofpel Lebolse Lol fpi2 fub-

1HSuUK Aor Lol 2npwigiud fpe Lebolf ou LoIg couqiiou2 pegmes BIUKO[O (BOWIPY|I) SUQ KSWSpSI (Bowpg|l):

EAe2-QuU-] pe-clLonug (216lls reous)

Provides easy to use, light weight interface to access and submit “on the ground” data
to support analyses and simulations.

I VirginiaTech

Virginia Bioinformatics Institute
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Learning from Lofa

350

* Lofa county, near the epicentel ., —uza.,

- Lofa County

of the Ebola outbreak = [N

@ 200

o Grassroots efforts and very -

active health director educated Z
public and reducing ) L :ZJ />2

14 21 28 04 " 18 25

transmission in community =

» Experiment. What if the experience of Lofa county
can be transferred to Liberia as a whole?

I VirginiaTech NE——
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Weekly incidence in affected Liberian counties
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Learning from Lofa

Lofa county

900
— With downturn
800 | — Observed cases

700
600
500

400

Cumulative counts

300

200

N N N N C\1°\b' " N
Model fit to Lofa case with a change in behaviors resulting in reduced transmission stating
mid-Aug (blue), compared with observed data (green)

[ VirginiaTech ———— 2L
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Learning from Lofa

5000 Learning from Lofa: overall Liberia

- With downturn
- (QObserved cases

4000

3000

2000

Cumulative cases

1000

0

Apr May Jun Jul Aug Sep Oct Nov

Model fit to Libezﬁig1 case with a change in behaviors resulting in reduced transmission stating
Sept 215t (green), compared with observed data (blue)

I VirginiaTech —— 22

Virginia Bioinformatics Institute Network Dynamics & Simulation Science Laboratory



Impact of ETUs

20000

Cumulative Infections

w
o
o
o

0

15000

10000 |

I
I Reported Cases
Il Fitted Model
[ ETU Deployment with 50% Time to Hospitalization Reduction
I 25% Reduction of Community Transmission
[ 50% Reduction of Community Transmission

0 50 100 15IO
Time (Days)

200 250

* How effective were the deployed Ebola Treatment Units?

« Significant reductions in community transmission required to
match current observations

I VirginiaTech
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Agent_based l\/\odeling: Challenges

 Rapidly adapting system optimized for airborne
transmission to support
— novel disease model and transmission modes
— Interventions and populations

 Parameterizing a data intensive model when data is
scarce and often inaccurate

* Analysis of a disease process with high levels of
variance and stochastic effects

ﬂmVlrglmaTech
Network Dynamics & Simulation Science Laboratory
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SIBEL synthetic Information Based Epidemiological Laboratory

SIBEL VIRGINIA BlOINFORMN!{C”SOINS‘IIT'L.JIE Welcome Bryan Lewis | Feedback | Logout An Epi Plat
subpop=Bomi zubpop=Gbarpelu subpop=Grand_Bazza
EXPERIMENTS ANALYSIS INITIAL CONDITIONS DISEASE MODELS TRIGGERS REGIMENS ADMIN ABOUT - - —
e s 8 ¢ B H
| sk | Liberia - EVDOB - calib 6.1 c... Total Cells 1 | Viewcells : H H :
N H H g EEE i
Enabled Interventions - - ———
o o m o m o m @ wo me o m w o me
[ ] | /' H 9 ol e @ Day Day Day Day
] VZ 2L (] L ‘Q. )
Summary Vaccinate | Social Distance  CloseWork  Close School ~ Pharmaceutical | Pharmaceutical |~ Dynamic “ubpop=Grand_Cape Mount “ubpop=Grand Gedeh B <ubpop=Lofa
87 S R e g N e
No enabled Generic Intervention § E :Q § E 7g § E % é :4
i i i ig]
Intervention Name : § :i I_ 5 : ,'— : : s — § ::_/__
: . T e T e o= . A
Subpopulation () Compliance () Oy oy D oy
Selection: All * © % value Sweep (D m:.:i:“ m”rf'::?m‘
p BTSN s 07NN s £
Type: Al = it it it 3
0% = = E =
P z o - £
L 3 g 38 3
LN | 7] e | B g
_ — , s ° * B
Ll 100% (115216%6) 50 (11521656) Scaling Factor (i) o o o
Day Day Day
- Home Work Shop Other School
Trigger () ey Infectivity
multiplier 0 jlae Jlo jlre Jlre SIBEL VIRGINIA BIOINFORMATICS INSTITUTE Welcome Bryan Lewis | Feedback | Logout
; AT VIRGINIA TECH
On Day % Infectious %:f:;:‘eﬁlhw 1.0 1.0 1.0 1.0 1.0
- EXPERIMENTS ANALYSIS INITIAL CONDITIONS DISEASE MODELS TRIGGERS REGIMENS ADMIN ABOUT
Duration (1)
Rate Of Administration (i)
Val sweep (1) : 3
O value O sweep @ | sack | Liberia - Travel - EVDOO - Lo... Total Cells ] | View cells

Rate Per Day Unlimited
200 days

Enabled Interventions

‘ Delete Duplicate Cancel “ ‘.!a "///' z'i“ ‘ e ﬂ == 9

il
Generic Pharmaceutical Pharmaceutical Dynamic

Intervention Vaccinate Social Distance Close Work Close School Tr Prophy q
Design, Execute, and Analyze v enensons
Pharmaceutical Treatment Generic Intervention

Agent-based simulations of i oot 0
Infectious disease spread S

WVirginiaTech sibeldemo.vbi.vt.edu
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%% SIBEL extensions and refinements
QA

* Flexible framework for modifications too complex to
represent within web interface

 Contact based interventions prototyped

 Refinement of analysis tools
— Enable interactive overview analyses

— Tools to allow more flexible detailed analysis (eg
custom-defined age groups,etc.)

1 I
irginia Bioinformatics Institute Network Dynamics & Simulation Science Laboratory



 Early in the outbreak, concern
about US spread was a primary
question

« Existing US population data and
simulation tools were harnessed to
address this situation

Summary of results:
100 replicates
Mean of 0.8 additional cases
Max of 6 cases
Majority only one initial case

I VirginiaTech

Virginia Bioinformatics Institute

[SIS

Agent-based Model in the US

VIRGINIA BIOINFORMATICS INSTITUTE

EXPERIMENTS. ANALYSIS INITIAL CONDITIONS DISEASE MODELS

Experiments
My All

[1994] EBV WestAfrica - cal...
Starting | 1Cell | Aug022014,17:25 | Bryan More Actions v

[1993] EBV in DC - trans mo...
Completed | 1Cell | Aug 022014, 14:25 | Bryan More Actions

[1992] EBV in DC - trans mo...
Completed | 1Cell | Aug012014,17:27 | Bryan More Actions v

[1991] Ebola in DC - calib 2 ...
Completed | 1Cell | Aug 012014, 13:25 | Bryan More Actions v

[1990] Ebola in DC - Initial s...

Completed [ 1Cell | Aug 012014, 1238 | Bryan More Actions v
[1980] Ebola in DC - Initial s... RESTART | VIEW ERRORS
Failed | 1Cel | Aug012014,12:33 | Bryan More Actions ¥
[1981] Ebola in DC - Initial s... RESTART | VIEW ERRORS
Failed | 1Cell | Aug 012014, 12:24 | Bryan More Actions ¥
[1922] Ebola in NYC- No Is... RESTART | VIEW ERRORS
Failed | 1Cell | Jul 292014, 13:16 | Bryan More Actions v

Cumulative Infections
3

123

TRIGGERS REGIMENS

EBV WestAfrica - calib 3

Welcome Bryan Lewis | Feedback | Logout

ADMIN ABOUT

+ New Experiment

Details

Replicates

50

Total Cells

1

Simulated Days

50

Model
EpiFast

Region

Disease Models

Day0 123

Probabili

EBV - Uganda t12

Incubation Period
2z

156789

Infectious Period
>
8

&

Initial Conditions
Just one

Onbayo

1

An Epi Plot

Cell=7187

Enabled Interventions

- - Replicate Mean
Overall Mean

Day
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e Needto
understand travel
patterns

* Need to know
transportation
network

[J VirginiaTech

Virginia Bioinformatics Institute

National Spread

Travel Network for Liberia

0 15 30

Primary Route
——— Secondary Track

—— River/ Waterway

Work done at NDSSL - Virginia Tech

Estimate of Travel Speeds:
Paved Highway = 60 km/h
Primary Route = 40 km/h
Secondary Track = 15 km/h
River / Waterway = 5 km/h

Sources:
Roads: LISGIS (Etherton)
Rivers: DIVA-GIS

Network Dynamics & Simulation Science Laboratory



National Spread
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During the rainy season this road network is
degraded, which influences the amount of travel.
This in turn can drive where future cases occur
and the overall size of the epidemic. More
importantly its critical to understand when trying
to decide where to devote resources to combat
the epidemic.
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es-on-the-Ground

+ Kenema
o

Clogile
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Monrovia
o]

Guecl;edou
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o

Liberia

Map | Satellite

Seguela
1
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m
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Parc national de Tai

San-Pedr.
O

Map data ®2015 Google = Terms of Use

Describe the road conditions between
two regions in Sierra Leone

Origin: Destination:

Binkolo (Bombali) v ‘ Kamabai (Bombali) v

Date of Observation:
m 02/18/2015

Last reported: 01/27/2015
Total Responses: 1 See Results

Road condition:
v

Last reported: unknown

Travel Duration:

enter time in mins

Last reported: 36 minutes

6 mi :
Mean: 36 minutes Eyes-On-The-Ground (Sierra Leone)

Traffic Level:

v Thank you for submitting the report on road cqndijions between Binkolo (Bombali) and Kamabai (Bombali).
Last reported: unknown Below you see a history of other reports for this trip.

Date of Observation | Road Conditions | Travel Duration | Traffic Level | Additional Comment

Any additional comments:

2015-02-18 passable 40 medium

This field is optional %

So, far a total of 2 reports on road conditions have been submitted to Eyes-on-the-Ground for this trip.

Submit New Report | Change Country

Provides easy to use, light weight interface to access and submit “on the ground” data
to support analyses and simulations.

I VirginiaTech
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| Liberia: Weekly Cases of Ebola Virus Disease per 100,000 (Projected) |

What
counties
will be
affected
next?

Projected EVD Cases
=-
[4-20
201 =40

I <01 -0

Bl so0.1-50
0 - 00
-h 100
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Optimal Placement of ETUs

Gen Denature 0, 12 Resource Optimal Placement
Regional Population Density and Travel Network Expected Travel Time by Region

8.12929

7.70989

7.28999

6.86929

£.44929

6.02929

560999

5.18999

1) vl 4 ] L) Sy D e £ 4 ] 4P i S oy o e
»"b@ r»”& @é‘ N q“’%@ 955\ o o sb'-“@ .«'-“9 :C:')Q :C"Sgb .@é\ 5“'{'& ,ﬂ:"”"jﬁg 9‘?;\ ,0:"’]? 9:@'0 5br-"& .«-“q;\
Mean Travel Time (hrs): 2.51858026361
Max Travel Time: 23.4144265558
Std Dev: 2.40774875696
I VirginiaTech ———
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Optimal Placement of ETUs

K-median Allocation of 6 new ETUs based on Predicted Ebola Cases on Dec-1st

Guéeckédou—____ 1 = micena | Bouox oo

S > L2 a0 ETUs Cases Long Lat
- oy All Monrovia 1,442 -10.7505 6.2411
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Gl
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Miles © OpenStreetMap (and) contributors, CC-BY-SA Rivers: DIVA-GIS
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EpiViewer

—

EpiViewer

EpiViewer graphs Ebola
surveillance and
forecasting data from a
variety of sources so
trends and correlations
may be made. Users can
limit the graphs via a
number of data filters, and
they can also specify
incidence or cumulative
numbers. This data can
be downloaded (either
manually or by API.)
While this tool was built
specifically for Ebola, it
can easily be extended to
support other epidemics.

[J VirginiaTech
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EpiViewer
Hide Legends
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Chiove L anomsecton L ver s |

From Date 2014/04/08

(>

VIRGINIA BIOINFORMATICS INSTITUTE
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MoBS_Lib4cast-No...
NDSSL_Liberia_Oc...
Columbia_Lib_Feb...

NDSSL_Lib_Feb6

To Date | 2015/04/13

M MoBS_Lib4cast-Ja...
M NDSSL_Liberia_Se...
M Columbia_Lib_Oct...

NDSSL_Lib4cast-D...

NDSSL_Liberia_Au...
Columbia_Lib_Nov...

@

Welcome mandywil | Feedback | Logout

Plot Configurations

Plot Type:

() Incidence () Cumulative

Show Uncertainty Bound

Data Filter

4

Region
Guinea
™ Liberia

Sierra Leone

Category
Forecasted On

Data Type

4 € < «

Time Series Name

Copyright © 2015 Virginia Polytechnic Institute and State University. All rights reserved.
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Agent-based
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Synthetic Information Viewer (for Ebola Countries)

Data Version: | v1

Zoom To:
Liberia =

Display Level:

Level 0 Admin Region
--Level 1 Admin Region

erson

........ Activity (PID Activity #: 5
3500409) Purpose: 6 (College)
Start Time: 34785 (09:39:45)
Activity Clock Style: Longitude: -10.7828
24-hour Latitude: 6.34261

Version: 1.0

* Each individual represented,
Interactions drive transmission
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Agent-based Modeling
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Transmission Trees

X-axis is Days
Red is home
Blue is non-home
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On going Work

» Stochastic Extinction

— Role of chance in initial spread and propagation of
emerging diseases

» Complex Calibrations

— Calibrating with multiple constraints (eg geo-spatial and
temporal)

e Vaccine studies

— Using detailed agent based studies to evaluate vaccine
properties and guide design of field studies
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Behavioral Adaptation

 Can we understand and estimate the impact of
behavioral changes while the outbreak is on going?

* Details included in this ABM can provide a variety of
structurally valid behaviors matching observations
— These can be used to design field studies or

epidemiologic analyses for confirming or disconfirming
these behaviors

— Can be used directly in estimating impacts, forecasting
future cases, further exploring other counterfactuals
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ABM Calibration system

Sierra Leone Ebola model searching
iteration 0, distance 0.6933

* Automated
disease model /
scenario search
wrapped around
full ABM
simulations

* Use in upcoming
RAPIDD Ebola R e e
forecasting = e
Challenge

15000

10000 |

cumulative weekly case count

5000
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Stochastic Extinction

* How likely is an outbreak of this size and kind?
— Parameterize and calibrate model to observed values
— Look at distribution of outbreaks produced (1000 sims)

* Prelim Results: i
— Same parameters
that produce this -

outoreak produce ¢, N~
many smaller ones
and larger ones N~

n of
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Vaccine Studies

 What are sufficient requirements of a vaccine and vaccine
campaign to mitigate future outbreaks of this caliber?

— Using parameters that generate large outbreaks roll out
vaccine campaigns of various sizes, designs, and
efficacy to estimate impacts

» Design of Vaccine trials greatly debated

— Simulations assisted in evaluation of novel designs
made to combat problem of declining incidence
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Summary and key insights

 Public health epidemiology is a complex system problem.

— Responding to future pandemics challenging due to emerging global trends
— Epidemics, contact networks, behaviors & policies coevolve during a pandemic

 Advances in computing & big data, have created new opportunities to
support real-time epidemiology.

— Simdemics: Network-based Computational Epidemiology -- Highly resolved,
captures complex social and epidemic interactions

— Role of multi-scale modeling and synthetic information
— Leads to a qualitative change in the way public policies are supported

* Tools and experiences prove useful to prepare for the next
outbreak
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Thank you

Contacts:
Madhav Marathe, 540 808 3292 (mmarathe@vbi.vt.edu)
Bryan Lewis, 540 231 8252 (blewis@vbi.vt.edu)
Chris Barrett, 540 250 7133 (cbarrett@vbi.vt.edu)
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