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Who am I?
• Use mathematical models of disease transmission to examine 

technical aspects of disease control
– Rank strategies in order of efficacy (according to various definitions of 

success)
– Evaluate the “effort” required to control disease

• Use models to advise farmers about control strategies
• Use models to inform policies on disease control.
• Lots of experience of the diseases of ruminants in North and 

South America, Australia, Africa.
• Lots of experience of poultry disease in North America.
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What we work on…

Infectious Salmon anemia
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What is our role in MIDAS?

Both the US and the UK groups have 
modeled infectious disease in human 
populations - but our main focus is on 
infectious disease in animals (wild and 

domestic), so why are we part of MIDAS? 

Models of Infectious Disease Agent Study (MIDAS) is a 
collaboration of research and informatics groups to develop 
computational models of the interactions between infectious 

agents and their hosts, disease spread, prediction systems, and 
response strategies. The models will be useful to policymakers, 
public health workers, and other researchers who want to better 

understand and respond to emerging infectious diseases



Failure to adequately control large scale epidemic 
disease in animals has multiple consequences

• Direct losses

• Indirect multiplier effects (to ag-related industries, 
trade, tourism)

• Multiple opportunities for fraud and other criminal 
acts

• Logistical, environmental, social and political 
difficulties associated with the disposal of carcasses

• Controversy concerning methods and loss of 
confidence in Government

• Public anxiety about the risk  of zoonotic disease and 
real disease problems even when dealing with non-
zoonotic diseases.

• Damaging academic controversy



OK, a man walks into a bar, right?



OK, a man walks into a bar, right?

This guy is the 
very first 
infectious case



R0, the basic reproductive number

“The average number of 
secondary infections 

caused by a single typical 
infected individual among 
a completely susceptible 

population”

Timothy C. Germann, Kai Kadau, Ira M. Longini, Jr., and Catherine A. Macken (2006) Mitigation strategies for pandemic influenza in the United States. Proceedings of the 
National Academy of Science, 103: (15) 5935–5940

R0 = 3
If R0 > 1, epidemic takes off,

If R0 <1, no major epidemic occurs



How do we know an epidemic has 
begun?

• Probabilistic  models allow us to calculate the 
value of R0 provided it is is below one. We can 
fit the model to chains of infection in people…

• These models only fail to fit when the Ro 
increases above 1.

• So when we cannot get a good fit to the data, 
we know that something has changed for the 
worse.



What is our main focus?

• We have completely ignored strategies to 
reduce bird to human infection

• We have focused on strategies that deprive the 
virus the opportunity to replicate – ie we are in 
the business of preventing and curtailing 
epidemics
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HPAI  (H5N2) outbreak in Pennsylvania (1983-1984)
Actual and predicted epidemic curve

Data

Model

Epidemic data from Buisch WW, Hall AE, McDaniel HA (1984)  1983-1984  Lethal avian inflenza outbreak Proceedings of the United States 
Animal Health Association 88: 430-446. Epidemic model: G. Smith, unpublished work.

Model assumes a 
7 day infectious period

Predicted Attack rate - 286 flocks

Between-flock
LPAI and HPAI epidemics

Basic reproduction number 1.5Basic reproduction number was 1.9 
initially, dropping to 0.85 after 
intensification of surveillance
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LPAI (H7N2) outbreak in Virginia(2002)
Actual and predicted curve

Data

Model 1

Model 2

Time to detection and 
quarantine is 2 weeks

Time to detection and 
quarantine is 2 weeks 
until day 50 then 1 week

Akey BL (2003) Low pathogenicity (H7N2) avian influenza outbreak in Virginia during 2002.Avian Diseases 47: 1099-1103

Notice, the values of 
R0 were similar!

Smith (unpublished results)



To systematize our thinking we have used “game theory” to see how 
different vaccination strategies fare when pitted against different sorts 

of disease introductions

In the “game” we 
have set 5 possible 

vaccination 
strategies against 6 
possible infection 

strategies

This frame looks at the just 
one of the possible 
combinations…

Vaccination Strategy: Vaccinate 
70 farms at random.
Infection Introduction 
Strategy:
Infect the most “dangerous” farm



If you have any information about what makes 
one farm more dangerous than another – use it!

Vaccinate randomly



We need maps of where the farms are located, 
but mapping the location of farms is hard!

Location of dairy farms based on 
a geocoded list

Density of dairy farms based on 
the 2000 US census (by county)

How many have we missed?
Comparisons with “ground truth data have revealed 
severe problems with GIS software…



A synthetic map using AgCensus data?
• Work “backwards” from the 

public domain data in the 
2002 Ag Census…

• The Census tells us the 
number of flocks in each zip 
code…

• Made “educated guesses” 
about the location of those 
flocks at county level...

Projected location of commercial flocks in Lancaster County

Dunnipace S, Bruhn M, Wheaton W, Smith G. (unpublished work)






