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Course Number POPM*6950-01 

Infectious Disease Modeling: An Introduction 
0.5 credits 

(LAST UPDATED: January 2016) 
 
 

Instructor:  Amy Greer, BSc, MSc, PhD 
  
Office:   Room 2505A, Stewart Building 
Email:   agreer@uoguelph.ca 
  
Office Hours:  By appointment 
 
Course Time:  Wednesdays, 2:30 pm to 5:30 pm 
Location:   Ontario Veterinary College, Stewart Building, 2511 
Course Type:  Lecture/Laboratory.   
 
COURSE DESCRIPTION 
This course will serve as a basic introduction to mathematical modeling of infectious diseases.  
All course materials are rooted in, or derived from, current public and veterinary health 
challenges. Students who complete this course successfully should have the ability to critically 
appraise published mathematical models, and to build, parameterize, and analyze simple 
compartmental models of their own.  
 
Prerequisites: Prior successful completion of an introductory course in differential calculus 
(such as high-school calculus, or the equivalent) and prior successful completion of an 
introductory-level course in epidemiology (such as POPM*6200, or the equivalent) are 
recommended.  Students lacking these pre-requisites may be permitted to take the course at 
the discretion of the instructor.  Due to the importance of assignments and labs as part of the 
learning process, and given the constraints imposed by lab space, auditors are not permitted. 
 
COURSE OBJECTIVES 
Upon completion of this course, students should: 

 
1. Be able to describe the defining features of infectious diseases, including incubation 

and latent periods, virulence, communicability, the “basic reproductive number”, 
serial intervals, and concepts relevant to immunity. 

 
2. Be able to differentiate between compartmental, individual-based, and network-

based models; understand similarities, differences, and appropriate applications of 
deterministic and stochastic approaches to modeling, and have the ability to 
devise an appropriate approach to modeling a given problem related to infectious 
disease dynamics. 

 
3. Have an awareness of current challenges in infectious disease control, and their 

representation through modeling, including such issues as antimicrobial 
resistance, population mixing patterns, relationships between disease 
epidemiology and social dynamics, and heterogeneity in behavior and 
susceptibility and its impact on disease persistence. 
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4. Have the ability to draw out a “stock and flow” diagram of an infectious disease 
process, and have the ability to parameterize such a model using original data, 
literature review, and best estimates. 

 
REQUIRED TEXT  
There is no required text for this course, and all required and recommended readings will be 
provided on Course Link.  However, the course is built upon approaches to disease modeling 
described in two texts, both of which are available (on course reserve) in the library, and which 
can be readily purchased from a variety of online sources. 
 

1. Vynnycky E and White RG.  An Introduction to Infectious Disease Modelling.  Oxford 
University Press, New York, NY 2010.  A relatively new and well-written introductory text 
that finds its roots in the excellent course in mathematical modeling taught at the London 
School of Hygiene.  The book describes almost all of the topics we will cover in this 
course. The appendices are extremely helpful. 

 
2. Keeling MJ and Rohani P.  Modeling Infectious Diseases in Humans and Animals.  

Princeton University Press, Princeton NJ.  2008.  In my opinion, this is one of the best 
introductory books on mathematical modeling of infectious diseases available.  It is 
clearly written, extensively illustrated, not overwhelming with respect to mathematical 
content, and explicitly integrates human and animal health modeling in a way that is 
entirely concordant with the degree to which most recent public health crises in our 
jurisdiction (SARS, influenza, listeriosis, etc.) can be classed as both human and 
veterinary health challenges.  There are abundant supplementary materials, including 
sample models, on the book’s website. 

 
TEACHING METHODS AND COURSE CONTENT 
This course covers ten broad content and methods areas in mathematical epidemiology of 
infectious diseases, which combine a substantive focus (i.e., relevant clinical, pathological, and 
ecological information about a given pathogen or group of pathogens) with methodological tools 
useful for their representation via modeling.  Each session is 3 hours in length. Most weeks will 
include an initial 30-60 min. introductory lecture, followed by hands-on exercises. With other 
weeks entirely focused on hands-on exercises. I believe that this material is very difficult to 
understand without “getting your hands dirty” so you will need to bring a laptop to class to 
participate in the laboratory exercises.  You can expect that your performance on graded 
assignments will be much enhanced by completion of all the assigned exercises, and I will 
occasionally ask you to hand in outputs or model projections for grading, to ensure that you’re 
on the right track!  
 
COMPUTER RESOURCES 
You will be expected to bring or share a laptop computer during classes, in order to perform the 
modeling exercises that are the core of this course.  For the first several weeks, only R Studio 
will be required in order to complete the exercises.  
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EVALUATION METHODS 
The final grade will be based on a combination of successful completion of 5 assignments.   
 

Assignment 
# 

 
Assignment 

Due date Proportion of 
final grade 

1 Deterministic epidemiological models  January 25, 2017 15% 

2 Modeling terminology teaching example 
(handout and presentation).  

February 8, 2017 15% 

3 Estimating R0  March 1, 2017 15% 
4 Immune escape and transmission of equine 

influenza 
March 15, 2017 15% 

5.1 Final written assignment  April 5, 2017 20% 
5.2 Final oral presentation April 5, 2017 20% 

 
1. Assignment 1 (15%): Problem solving exercise to get familiar with the structure of 

deterministic epidemiological models. Serves as a review of the in-class laboratory 
methods examined.  

2. Assignment 2 (15%): Groups of students will be assigned a specific modeling 
term/topic related to parameter estimation and model fitting. Students will research the 
assigned term in respect to the field of infectious disease modeling and prepare a single 
page (single sided) handout for distribution to the class. The specific handout 
requirements can be found in the assignment rubric that is circulated to the class. Each 
group will give a 10-min. presentation related to their topic/term and answer questions 
from the class (2 min.).  

3. Assignment 3 (15%):  There is a significant amount of publically available time series 
data for epidemics of different infectious diseases available online as well as in the peer-
reviewed literature. Identify and digitize a dataset of interest to you (for a directly 
transmitted infectious disease) and estimate the R0 of the epidemic with a 
compartmental disease model appropriate for that disease (SEIR, SIR, SIS, SIRS, 
etc).  Does the R0 that you get match the R0 for the disease that you find when 
doing a literature search of the peer-reviewed literature? 

4. Assignment 4 (15%): Distribution of outbreak sizes. Immune escape and transmission 
of equine influenza. This is a challenge problem to be completed and draws on 
everything that you have learned so far in the course. Assignments may be completed in 
pairs if you wish.  

5. Assignment 5 (40%):  For the final assignment, you will be asked to reproduce a simple 
compartment mathematical model of an infectious disease of public health importance of 
your choice. You will construct, analyze, and interpret the model based on the paper you 
have chosen. The model will be constructed in R. You will then use the model to 
examine the impact of a novel intervention (that was not considered in the paper you 
have chosen). As the ability to communicate modeling approaches and outputs to 
others is critically important to the integration of these techniques into veterinary and 
public health practice, students will give an oral presentation describing their model and 
findings during the final class. 
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THE FINE PRINT 
 
• Dates and Topics Subject to Change:  This is a new version of the disease modeling course 

at the University of Guelph and this is the first time that it is being taught using R as the 
scientific programming language, and consequently the course may evolve or be modified 
as we proceed.  I reserve the right to modify elements of the course, including the 
scheduling of topics and the nature and timing of assignments if circumstances make this 
necessary.  If any modification to the course as laid out in this syllabus becomes necessary, 
I will do my utmost to provide reasonable notice, and to communicate with you regarding the 
nature of the changes and my reasons for making them.  You do need to view your UofG 
email and the Courselink page regularly so that you are aware of any changes that are 
necessary. 

 
• Absences, Missed Work, and Late Assignments and Exams:  I am able to make reasonable 

accommodation for absences and missed work if I am informed of circumstances in 
advance, or, if the circumstances are unforeseen, if I receive appropriate documentation.  If 
you are going to be absent from the course for a prolonged period of time, this needs to be 
discussed with the graduate office, rather than myself.  I reserve the right to penalize 
students for late assignments, typically by deducting 10% per day for each day an 
assignment is late. 

 
• Academic Integrity: I wish that I did not have to include this statement in my syllabus, but 

based on past experience this does warrant reinforcement.  I am a strong believer in 
honesty and academic integrity (in other words, I will not tolerate cheating or plagiarism in 
my class).  Stanley Fish wrote recently in the New York Times: “In the academy, where 
ideas are the currency and the standard of value, plagiarism should not be tolerated”.  
(http://opinionator.blogs.nytimes.com/2010/08/16/the-ontology-of-plagiarism-part-two/?hp) 
and I think this is correct.  More importantly, the University of Guelph is very clear about the 
consequences of academic dishonesty and plagiarism.  Please don’t test me or the 
University on this issue!  If you are unclear what plagiarism and cheating are in the context 
of academic work, a great resource is the University’s web resource on Academic Integrity 
(http://www.academicintegrity.uoguelph.ca).
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COURSE SCHEDULE 
 

WEEK 1 (January 11, 2017) 
Substantive theme: Review syllabus, assignments, and expectations. Introduction to infectious 
disease epidemiology and basic terminology: fundamental properties of communicable diseases 
 
Laboratory 1: Introduction to scientific programming in R.  
 
WEEK 2 (January 18, 2017)  
Please read the following paper to prepare for this week: 
• Mishra S, Fisman DN, Boily M-C. The ABC of terms used in mathematical models of 

infectious diseases. J Epidemiol Community Health. 2011;65(1):87-94. 
doi:10.1136/jech.2009.097113. 

 
Substantive theme: Introduction to communicable diseases as dynamic systems. 
 
Laboratory 2: An introduction to deterministic epidemiological models (DCM) in R using 
EpiModel 
 
Assignment notes: Assignment #1 distributed to the class (Due next week: January 25, 2017) 
 
WEEK 3 (January 25, 2017) 
Please read the following papers to prepare for this week: 
• Schurer and McLean. Mathematical models of vaccination. British Medical Bulletin. 2002 62: 

187-198. 
• Greer AL. Can informal social distancing interventions minimize demand for antiviral 

treatment during a severe pandemic? BMC Public Health. 2013;13(1):669. 
doi:10.1186/1471-2458-13-669. 

Substantive theme: Infectious disease management and public health interventions.  
 
Items to submit this week: Submit assignment #1  
 
Laboratory 3:  Pulsed vaccination and social distancing 
 
Assignment notes: Assignment #2 distributed to the class (Due: February 8, 2017) 
 
WEEK 4 (February 1, 2017) 
Substantive theme: Stochastic models   
 
Laboratory 4: Stochastic epidemiological models from scratch and using EpiModel 
 
WEEK 5 (February 8, 2017)  
Please read the following papers to prepare for this week: 
• Anonymous. Influenza in a boarding school. Br Med J. 1978;1(March):587.  
• Grais RF, Ferrari MJ, Dubray C, et al. Estimating transmission intensity for a measles 

epidemic in Niamey, Niger: lessons for intervention. Trans R Soc Trop Med Hyg. 
2006;100(9):867-873. doi:10.1016/j.trstmh.2005.10.014 

 
Substantive theme: Student teaching examples. Model fitting and parameter estimation 
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Items to submit this week: Assignment #2 handouts and oral presentations 
 
Laboratory 5: Estimating R0 and estimating model parameters by least squares, and maximum 
likelihood in R. 
 
Assignment notes: Assignment #3 distributed to the class (Due: March 1, 2017) 
 
WEEK 6 (February 15, 2017) 
Please read the following papers to prepare for this week: 

• Blower, SM., et al.  A tale of two futures: HIV and antiretroviral therapy in San Francisco. 
Science. 2000; 287:650-654 

• Legrand J, Grais RF, Boelle PY, Valleron AJ, Flahault A. Understanding the dynamics of 
Ebola epidemics. Epidemiol Infect. 2007;135(4):610-621.  

• Wu J, Dhingra R, Gambhir M, Remais J V. Sensitivity analysis of infectious disease 
models: methods, advances and their application. J R Soc Interface. 
2013;10(86):20121018. 

 
Substantive theme: Parameter uncertainty and sensitivity analysis 
 
Laboratory 6: Sensitivity analysis of deterministic models through Latin hypercube sampling 
(LHS): A model for transmission of HIV among men who have sex with men and a model for 
Ebola transmission. 
 
Reading Break (February 22, 2017) – No class 
 
 
WEEK 7 (March 1, 2017)  
Please read the following papers to prepare for this week: 

• Dushoff J, Plotkin J, Levin SA, Earn DJ. Dynamical resonance can account for 
seasonality of influenza epidemics. Proceedings of the National Academy of Sciences U 
S A. 2004 Nov 30;101(48):16915-6.   

• Fisman D. (2007) Seasonality of Infectious Diseases. The Annual Review of Public 
Health 28:127-143. 

 
Substantive theme: Periodicity and seasonality of epidemics 
 
Items to submit this week: Submit assignment #3  

 
Laboratory 7: Seasonally forced epidemics: Biennial outbreaks of Measles in England and 
Wales 
 
Assignment notes: Assignment #4 distributed to the class (Due: March 15, 2017) 
 
WEEK 8 (March 8, 2017) 
Please read the following papers to prepare for this week:  

• Mossong J, Hens N, Jit M, et al. Social contacts and mixing patterns relevant to the 
spread of infectious diseases. Plos Med. 2008;5(3):381-391. 



POPM*6950-01 INFECTIOUS DISEASE MODELING Dr. Amy Greer 

 7 

• Read JM, Lessler J, Riley S, et al. Social mixing patterns in rural and urban areas of 
southern China. Proc R Soc London - Ser B Biol Sci. 2014;281(1785):20140268. 
doi:http://dx.doi.org/10.1098/rspb.2014.0268 

 
Substantive theme: Contact patterns. Age-assortative mixing; next generation matrices and 
WAIFW matrices; age-seroprevalence curves. Short discussion of assigned readings.  
 
Laboratory 8: Age-seroprevalence curves, WAIFW, and next-generation matrices, and 
structured models for host heterogeneities in R.  
 
Assignment notes: Assignment #5 distributed to the class (Due: April 5, 2017) 
 
WEEK 9 (March 15, 2017)  
Please read the following papers to prepare for this week:  

• Machens A, Gesualdo F, Rizzo C, Tozzi AE, Barrat A, Cattuto C. An infectious disease 
model on empirical networks of human contact: bridging the gap between dynamic 
network data and contact matrices. BMC Infect Dis. 2013;13:185. doi:10.1186/1471-
2334-13-185. 

• Firestone SM, Christley RM, Ward MP, Dhand NK. Adding the spatial dimension to the 
social network analysis of an epidemic: investigation of the 2007 outbreak of equine 
influenza in Australia. Prev Vet Med. 2012;106(2):123-135 

 
Substantive theme: Introduction to disease transmission on networks 
 
Items to submit this week: Submit assignment #4  
 
Laboratory 9: Network models with EpiModel 
 
WEEK 10 (March 22, 2017) 
Please read the following papers to prepare for this week:  

• Rubin et al. (2013). A simulation based assessment of strategies to control Clostridium 
difficile transmission and infection. PLoS ONE 8(11):e80671 

• Kucharski AJ, Funk S, Eggo RM, Mallet HP, Edmunds WJ, Nilles EJ. Transmission 
Dynamics of Zika Virus in Island Populations: A Modelling Analysis of the 2013–14 
French Polynesia Outbreak. PLoS Negl Trop Dis. 2016;10(5):1-15 

• Mandal S, Sarkar RR, Sinha S. Mathematical models of malaria - a review. Malar J. 
2011;10(1):202. doi:10.1186/1475-2875-10-202 

 
Substantive theme: Modeling vector-borne diseases (what do insects, healthcare workers, and 
spinach have in common?) 
 
Laboratory 10: Group discussion of assigned readings 
 
WEEK 11 (March 29, 2017) 
 Assignment notes: Today is a prep day for your final assignments. No in-class activities 
scheduled.  
 
 
SESSION 12 (April 5, 2017) 
Substantive theme: Presentations of final assignments (Assignment #5.2) 
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Items to submit this week: Submit final written assignments (Assignment #5.1) 
 
Course evaluations: Completed in class. 
 
 
 

 
 
 
 

 


