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Complex multi-scale systems
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Dangers of not using a systems approach

Need for 
system 
science 

approach

Band-aids rather 
than solutions

Unsustainable 
solutions

Missing secondary 
and tertiary  

effects
Unintended 

consequences

Expended time, 
effort, and 

resources from 
trial and error
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Modeling is the bridge to translation

Need or 
idea

Retrospective 
studies

Prospective 
studies

Policy and 
practice

Modeling can and does occur at different time points along the research 
path from idea inception to policy implementation

Modeling

Considerations 
for study 
designs:

• Data availability
• Generalizability
• Granularity

• Generalizability
• Study population
• Expense
• Ethical and legal 

issues
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A systems approach iteratively brings together 
various disciplines, stakeholders, and methods

Create Mathematical 
and Computational 

Models to Represent 
System

Elucidate Important 
Factors and Relationships 

Convene Multi-
disciplinary Teams

Test Different Policies 
and Interventions

Guide and Prioritize Data 
Collection

Design and Implement 
Interventions

Inform Stakeholders

Update Models
Data and results
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Virtual DC Metro Region

US Census Data
Each agent is 
assigned to 

household with 
other agents

Person = Agent

U.S. Population 
(105,480,101 

households with 
273,624,650 people) 

Extract DC Metro 
Region
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Agent Movement

Workplaces
Communities

Schools

Homes 30%

33%

37%

(Applies to an 
epidemic R0 = 1.9)

Reference: 
Ferguson N, Cummings DAT, Fraser C, Cajka JC, Cooley PC, 
Burke DS. Strategies for mitigating an influenza pandemic. 
Nature. July 27, 2006; 442:448-452.

16% infections in schools
21% infections in workplaces

Fl
u

Fl
u



© 2014, Johns Hopkins University. All rights reserved.© 2014, Johns Hopkins University. All rights reserved.

https://midas.pitt.edu/gaia

Spread of Influenza








Where Should  Limited 
Vaccines Go?



2 Poorest Counties 
Vaccination Delayed



Conclusions

• People highly-interconnected in a system…not 
isolated islands

• Poor communities important: 
– High-density and heavy mixing
– Travel to other locations for work

• Selfless, altruistic behavior  selfish, utilitarian 
benefits
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What is HERMES?
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HERMES has a history of global collaboration
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Benin Vaccine Supply Chain
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Timeline of Engagement in Benin 



HERMES Supply Chain Re-Design in Benin
Working with WHO, UNICEF, BMGF, GAVI, PATH, and 
Transaid to advise the Beninese government on how to 
improve their supply chain.

Problem: Not able to introduce needed Rotavirus and 
Meningococcal vaccines due to constraints in the current 
supply chain.

Modeling showed that consolidation of the Commune Level 
to a Zone Sanitaire with truck loops would improve 
performance, have lower logistics costs per dose 
administered, and have the greatest return on investment
over 10 years.

Government piloted the intervention in Come Commune, 
UNICEF confirmed improved performance, lower costs, and 
more reliability.

Returned in 2015 to conduct workshop on using HERMES to 
model scale up the intervention to the entire country.
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RHEA (Regional Healthcare Ecosystem Analyst) 
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RHEA 

Computational tool to rapidly create an 
agent-based model of the healthcare facilities 
in a region

Serves as a virtual laboratory to better 
understand the spread and control of 
infectious diseases among healthcare 
facilities

Each computational agent is a virtual patient
Each agent can move between the 
community and healthcare facilities, and 
between different healthcare facilities like 
real patients
Can have a variety of patient characteristics

– Age, ethnicity, co-morbidities, and 
disease status
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An Exemplar: Orange County

Large metropolitan county (6th largest in US)
– Diverse population

3 million people
– 32 Hospitals

• 6 long-term acute care
• 3 children’s 

– 71 Nursing Homes

Relatively enclosed
– Ocean to West
– Forest to East
– Undeveloped land to South
– Traffic to North
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Benefits of Cooperation in Infection Control
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Relative Reduction in MRSA Prevalence (%)
with 75% Compliance

Acute Care 
Hospital Affected

This Hospital 
Only

5 Highest 
Capacity Hospitals

10 Highest
Capacity Hospitals

All 
Hospitals

A 14.9 2.2 2.8 20.2

B 13.6 14.4 14.8 15.6

C 13.5 2.3 3.5 19.6

D 10.3 11.4 12.0 13.6

E 8.3 1.0 2.7 11.9

F 6.7 2.3 4.7 12.2

G 9.9 1.6 2.9 14.9

H 19.1 1.9 2.6 22.8

I 17.0 17.2 17.7 18.5

J 12.5 1.2 14.2 16.8

K 10.6 1.2 12.6 14.6
*Results not shown for all 29 facilities
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Number of MRSA Cases Averted per Year 
Countywide
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Virtual Population Obesity Prevention (VPOP) 
Labs: “SimCity” for obesity prevention
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Each agent is embedded with a personalized 
metabolic model (Hall, et. al)

Ex
ce

ss
 ca

lo
ri

es
 co

ns
um

ed

Excess bodyweight

AGENT 241,205
Gender: M
Age: 12
Height: 60
Weight: 95
Metabolic model

Hall et al, 2014 

Calories Eaten - Calories Burned = Weight Gain or Loss
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Baltimore Policy Working Group

30+ working group members, 
representing various sectors 
including:

– City Council 
– City Health Department
– Baltimore City Public Schools
– Family League 
– Recreation and Parks
– Wholesalers
– Retailers
– Academia

Baltimore City Councilman 
Carl Stokes

Former Baltimore 
City Councilman 

Pete Welch

Baltimore City 
Councilman 
Bill Henry

Baltimore City Food Policy 
Director Holly Freishtat

Baltimore City Health 
Commissioner Leana Wen
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Example: 2014 Farm Bill

• Will require all SNAP 
retailers to stock at 
least 7 items in each 
category:

• Fruits and 
vegetables

• Grains
• Meat
• Dairy 
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Example: tax credit for urban farmers

• Bill sponsored by 
Baltimore City, 
Councilman Pete Welch

• Provides 90% tax credit 
to owners of vacant lots 
if they will convert them 
to urban farms and sell 
fresh produce

• Provided testimony at 
public hearing 
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Policy brief 
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Questions and Discussion

Thank you! 

www.globalobesity.org

globalobesity@jhu.edu

http://www.globalobesity.org/
mailto:globalobesity@jhu.edu
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