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Some Context

• Applied research focus

• Motivated by the realities of public health 

practice

• Questions of interest tend to be highly 

focused and specific 

• Strong interest in vulnerable populations

• Knowledge translation



My talk today

1. Revisiting the conceptual assumptions

2. Using “simple” models to address 

heterogeneity

3. Complex questions require more complex 

models (sometimes)

4. Using ABMs to address heterogeneity 



Conceptual Assumptions

Agent 

– Same infectiousness

Host

– All susceptible individuals are the same

– All infectious individuals are the same

– Equal infectiousness during infectious period

Environment

– Homogeneous mixing

Revisiting Ping’s presentation from Tuesday



Homogeneous mixing 

• Sexual interactions and behaviours are not 

random or well-mixed

• Core groups tend to “punch above their 

weight” epidemiologically
– influential “tails” to distributions

• Access to individual level data is not 

common

• Data is often aggregated above some upper 

bound

The Challenge…



Heterogeneity in Sexual 
Behaviour

Sexual activity amongst heterosexuals in England 

(Anderson and May, 1991)
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Same Infectiousness

• May vary by strain of pathogen

– Resistant strains may be more or less 
infectious/transmissible than wild type strains
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All Individuals are the Same

• Different types of partners

– MSM, MSW, WSW, both 

– Casual, regular, both, paying, concurrent

• Partners engage in different types of 

behaviours

– High degree of variability in population sex 
behaviors

– High degree of variability in population 
protective behaviours (e.g. condom use)

ESYS Cycle 4, PHAC
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Equal Infectiousness During 
Infectious Period 

Hayes & White, JID, 2006



Failing to Capture Heterogeneity

• Simple dynamic transmission models based 

on average effects.

• Failure to capture heterogeneity in risk or 

biology may lead to unrealistic models and 

inaccurate projections, and may lend 

support to ineffective disease control 

strategies.

Slide courtesy of D. Fisman
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Chlamydia trachomatis (CT) 

• Most common notifiable infectious disease in 

North America

• Medical consequences include pelvic 

inflammatory disease, infertility, ectopic 

pregnancy, chronic pelvic pain, enhanced 

rates of HIV, and eye and lung disease in 

newborn infants.

• Cost in Canada likely exceeds $200 million 

annually



A Structured Compartment Model for 
Yukon

1. Current crisis or artifact of surveillance? 
(Vickers & Osgood, 2010)

2. How much Chlamydia screening and 

treatment would be required to reduce 

infection rates in the Yukon?

3. What is the risk of rebound?

4. How can we get the most impact with 

limited resources?



Infected 
women (I)

Recovered 
women (R)

Total women (Nw) = S + I + R

Susceptible 
women (S)

µN

µS

µI

µR



A Simple SIR Model Works

• Fits aggregated observed data very well

• BUT, interventions would be targeted at 

specific age groups (e.g. young adults)

• Currently developing an age-structured 

model to examine intervention scenarios

• Model structure determined by intervention

• Public health desktop tools (applets)
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Street Youth in Canada

• ~ 150,000 youth (15-24 y) on the streets 

each day in Canada

• Complex living situations and social factors

• STBBI rates 10-12 times higher than youth 

who are not street involved

• Higher rates of drug and alcohol use 

associated with riskier behaviours

ESYS, PHAC



Street Youth Surveillance

• E-SYS

– ~5000 individuals from 7 Canadian cities

– Absent from place of residence for at least 3 
nights in the last 6 months

• Demographics, family history, living 

situation, relationships, income, drug and 

alcohol use, sexual behaviour, STI history

• Biological samples collected 

– Urine and blood



http://www.phac-aspc.gc.ca/publicat/2009/sti-its/chlam-eng.php



http://www.phac-aspc.gc.ca/sti-its-surv-epi/qf-fr/pdf/chlamid_e.pdf



What do we know about SIY 
heterogeneity?

• Number of partners per unit time

• Types of partners (e.g. regular, casual, 

paying)

• Who has sex with whom (opposite sex, 

same sex, both)

• Concurrent partnerships

• Duration of partnerships

• “bridging” behaviour is common



How can we prevent CT in street 
involved youth?

• Increased condom use

• Increased access to care (e.g. test and 

treat)

• Contact tracing and treatment

• Behaviour change (role of concurrent 

partners)

• Expedited partner therapy (EPT)

– Requires ability to follow partnership history of 
individuals



Developing an ABM for Street Youth

• Agents (individuals)

– Age

– Sex

– Partner choice (M/W/both)

– Partnership types (regular/casual/paying)

– Risk behaviours

– Partner history*** (required for examining 
EPT intervention)



Conclusions

• Mathematical and simulation tools can be 

used to examine the potential impact of a 

variety of STI prevention and control 

strategies 

• Modeling methodology and level of 

heterogeneity incorporated is driven by the 

public health question and the available data 


