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Foundational event for Computational Epidemiology.
Requires a synthetic understanding of the underlying model.
Ability to abstractly recognize a pattern without bias.
Predicting the daily weather is easier than predicting disease.

Public Health Science is attributed to lengthening the average lifespan by 25 years since the year

1900.
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Theoratical Squaring of the Curve

COC's Ultimate Goal: better prevention of ilness, disability, and death

Theoretical national productivity gains if the
equations could be defined: P = {A,(t)dt - {h (t)d!
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Calorie Restriction/in Mice

Obesity: Epidemiology, Pathophysiology, and Prevention
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FIGURE 21.1 Effects of increasing levels of caloric restriction on survival in mice. Caloric restriction causes
a parallel rightward shift in the survival curve, increasing both average and maximal life span. (From
Weindruch, R. et al., J. Nutr, 116, 641-654, 1986. With permission.)
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Composite image of Life Expectancy

Life expectancy
The average number of years a newborn is expected to live with current mortality patterns remaining the same. Mare info »

0
1960

Data source: World B

1960 2007
Sweeden(73) Japan(83)
Afghanistan(31) Afghanistan(44)
WorldAvg(50.2) WorldAvg(68.9)

Gap =42 Gap =39
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Deaths: NCHS Final Data for 2006, table B
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http://www.cdc.gov/nchs/data/nvsr/nvsr57/nvsr57_14.pdf
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Example National Productivity Loss Estimations

United States

Over 162 million cases of seven common chronic diseases — cancers, diabetes, heart
disease, hypertension, stroke, mental disorders, and pulmonary conditions — were
reported in The United States in 2003. These conditions shorten lives, reduce quality of
life, and create considerable burden for caregivers.

Year Total Treatment | Productivity
Costs Loss

2003 $1,324B $277B $1,047B

2023 (in 2003 $'s) $4,130B $790B $3,363B

Milken Institute analysis based on MEPS, NHIS, etc.
For more information refer to full report “An Unhealthy America: Economic Burden of Chronic
Disease” or visit
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http://www.milkeninstitute.org/

Obesity

Prevention Makes Common Cents, Department of Health and Human Services, 2003.

“20-year-old white male could realize a 17 percent reduction'in life expectancy due to obesity.

THE ASSOCIATION BETWEEN OBESITY AND PRODUCTIVITY LOSS
Kannan , Finkelstein, Burgess, DiBonaventura , Hale
Consumer Health Sciences, Duke-NUS Graduate Medical School, RTI International,

Overweight and obesity raise the risk for:

. roblems
* type 2 diabetes I.) t Global Health Outcomes Strategy and Research, Allergan Inc,
« high blood pressure gou
e hlgh cholesterol levels * bladder control pTOblemS Figure 1. Days of Lost Work Relative to the Normal-BMI Category.
« coronary heart disease * poor female reproductive 95
» congestive heart failure health .
« angina pectoris — complications of pregnancy R ——
« stroke — menstrual irregularities 20 days
e asthma . infertility B Women
* osteoarthritis — irregular ovulation 15 T
« musculoskeletal disorders ~ ° cancers of the
. — uterus @Men
© gallbladder disease 10 dPresenteEIsm
 sleep apnea and respiratory ~ 0reast e
— prostate e
= kldney Presenteeism
days
— liver
. 0
N Overweight Obese | Obese Il Obese lll
— esophagus
— colon and rectum http://www.chsinternational.com/Resources
%5C2009 10 Obesity Conference Obesity Productivity Loss Allergan c¢2854%:20-
%20Allergan.pdf

http://en.wikipedia.org/wiki/Obesity in the United States
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http://aspe.hhs.gov/health/prevention/prevention.pdf

An example algorithm to estimate the loss of national” productivity.

ag, Wit

AADaps; g =Lagx Y APg, ADays, — ADay

g, w—normal i —no )

APDays,,=La, < y AP, wi — LDays

@,g,w —normal} —no )

ADisability, , = Y AP, iscbilit » — DisabilityRate, ;v _nomal .ﬁft—nc-l]
; ; ) .8 E 18 1

“If there were no cases of excess weight and hypertension, we estimate that national productivity would be $196 billion higher than
current levels, indicating the maximum potential benefits achievable by eliminating these risk factors (Table 2). Specifically,
overweight and obesity are associated with a $144 billion decline in national productivity, of which 63% is attributed to obesity.”

Predicted National Productivity Implications of Calorie and Sodium Reductions in the American Diet.
gt SERVIC, Timothy M. Dall, MS; Victor L. Fulgoni III, PhD; Yiduo Zhang, PhD; Kristin J. Reimers, PhD;
.

gﬁ"' ) Patricia T. Packard, MS, RD; James D. Astwood, PhD. American Journal of Health Promotion. July/August 2009,
Vol. 23, No. 6 y
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.f
|
SAFER*HEALTHIER* PEOPLE =




SAFER*HEALTHIER+*PEOPLE"




prups g
YO
DC!

SAFER*HEALTHIER * PEOPLE" Wy



B f',,.' .
IDC
SAFER*HEALTHIER+* PEOPLE"™ ’”ﬂy///é



TN
U) y,o'

A TH

SAFER*HEALTHIER * PEOPLE" iy



( L4

=7,
IDC
SAFER+*HEALTHIER+* PEOPLE" ”ﬁ/////é



Computational Biology Focus

The IEEE/ACM Transactions on Computational Biology and
g Bioinformatics emphasize the algorithmic, mathematical,
DL SE g statistical, and computational methods that are central

/ in bioinformatics and computational biology ... where

many forms of data and biological knowledge are used to
create a computer-based model of a complex biological
System.

. (
bl e LS The International Society for Computational Biology (ISCB) is an organization
= P JCHCNETY FOR
COMPUTATIONAL dedicated to the advancement of scientific understanding of living systems
= BlLDLT
L

COMPUTATIONAL BIOLOGY AND'SIOINFORMATICS

through computation. 2000 members; 50 countries.

Challenge: Finding computational biology technologies
that will help meet CDC’s mission and goals.
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Development

Research the requirements, issues and parameters:
Outlined in the strategic framework, and proposal.
Research Test Cases
Practical understanding of the issues.
Exploration of test resources.
Research of Emerging Technologies:
Hardware, Software, and Applications.
Research Successful Role Models of HPC.
Primarily Fed. Labs with 10-20 yrs experience.

Develop an Architectural Blue Print.

SERVIT,
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HPC Architecture

Independent

Center/Divisional X
CDC

NIH

Other Gov
Collaboration

University Collaboration

Terragrid
NCSA
Outsourced

June 2008
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Genome Sequencing for Public/Health — Dr/Neuhaus

*Molecular Evolution of Pathogenicity
*Total Microbe Population Analysis Genome
*Total Genome Comparison Sequencmg
*Metagenomics Studies
*Genome Data Mining

*Pathogen Discovery

*Biomarker Discovery Molecular

' Evolution

s Comparative
Genomlcs

Genome
Assembly

ol 40 B il T, o Sl s 00000 Rk sl o 10, s 2 of e mmricd (0 £
7L ASTR, 18,B05-157,667, T2% of genome)
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CDC Genome Sequencing ~ Dr. Neuhaus
High DATA Generation :
and Special Computing Requirements

G
_ I;;, e
A

2004

Initial Projects Hemorrhagic Fevers Influenza Viruses 454 FLX pyrosequencing

* Human smallpox * Ebola * H5N1 * Anthracis ¢ Burkholderia
* Vaccinia * Rift Valley * HIN1 * Legionella e« Coxiella

* CowPox * Marburg * HIN2 * Bartonella e« Brucella

* MonkeyPox * Crimean-Congo *B * Salmonella

* Neisseria Meningitidis

Total genomes: 95 Total genomes: 160 Total genomes: >800 Total bacterial genomes: 45

f"“ |.n1.rr¢,!i,
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Proteomics~— Dr. Neuhaus
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resulted in a copio
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MicrobeNetT™

A unified, secure portal for pathogen identification resources:

uuuuu CDC | PressRoom | A-Zindex | ContactUs

Home |

CDC Department of Health and Human Services CDC en Espaiiol
Centers for Disease Control and Prevention (s

Search:

—_— l
Worklng library #1

Division of Foodborne, Bacterial and Mycotic Diseases (DFBMD)

[ ]
= |
E MicrobeNet™ é

Query Browse Worklng llbrary #2
Test Pathogen
Results Library

X Working llbrary #3

Question Answer

MicrobeNet
Reference Database
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Case Study - MicrobeNet

* NCID MicrobeNet - Dr. Ainsley Nicholson
Pathogen Identification

The strategic importance of CDC'’s ability to rapidly and accurately identify pathogens

cannot be overstated. This expertise is essential for identifying emerging infectious

agents, detecting bioterrorism events, and making informed medical and public health

decisions. With our reference laboratories, and collections of tens of thousands of clinical

isolates, CDC is recognized world-wide as the authority on the phenotypic and genotypic

testing of pathogens. Scientists CDC-wide are collaborating to apply computational science
technologies to pathogen discovery and identification. To support our state and local

public health partners in identification of recognized and emerging pathogens, we are creating
MicrobeNet, a highly curated set of tools and data that will be a unique and trustworthy “one-stop
shop” source of pathogen identification information. __The next strategic step for MicrobeNet will be
to use computational science to improve and accelerate the algorithms that analyze and process

genetic and phenotypic data, providing the public with even more accurate, precise, and timely

responses.
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A MicrobeNet Challenge
t. e Historic Hand Written Card of Pseudomonas aer

-

MicrobeNet-Card-9-24-2009-4-12-40 PM.pdf ,;,7;";
AL
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