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BIOL 494-02
Ecology and Evolution of Infectious Disease
MWF 9:05-10am, Camino 103; Lab Thurs 2:30-6:30pm, Shiley Ctr for Science & Techn 325

Dr. Arietta Fleming-Davies
Course website: On Blackboard (https://ole.sandiego.edu)
Email: aflemingdavies@sandiego.edu
Office: Shiley Center for Science & Technology 369
Office hours: Monday 10-11am and 2-3:30pm; Wednesday 10-11am, and Thursday 10:30-
12pm or by appointment

The content of this syllabus may change. An updated version will always be
available on the course website.

Course Description: This course will focus on fundamental topics in the ecology and evo-
lution of infectious disease, including epidemiological SIR-type models, the basic reproductive
ratio R0, vaccination and herd immunity, heterogeneity in host resistance, and the evolution
of virulence. Examples will be taken from the primary scientific literature across human,
wildlife and plant diseases. Labs will include a mix of computer-based labs working with
epidemiological mathematical models; laboratory experiments using model organisms such as
flour beetles; and field labs surveying local plant and insect diseases. Students will also com-
plete a semester-long project modeling an infectious disease of their choice. Experience using
the software R would be helpful, but no mathematical or programming knowledge is required,
and any math content will be introduced as needed.

Credit Hours: 4

Textbook: This course will be based on the scientific literature, so no text is required. All
materials will be provided on the course website. The book Modeling Infectious Diseases in
Humans and Animals, by Keeling and Rohani, is a useful resource if you are interested in
further exploring the course topics in more depth.

Course Objectives

At the completion of the course, students will be able to:

1. Be familiar with the natural history and ecology of a range of human and wildlife dis-
eases, including vector-borne, environmentally-transmitted, and sexually transmitted
diseases.

2. Create, modify, and interpret results from SIR models, the foundational epidemiological
model, and explain the importance of these models in public health

3. Explain and give examples of key factors affecting pathogen evolution
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4. Explain R0 and how it relates to vaccination and herd immunity

5. Use some common computational, laboratory and field methods in disease ecology

6. Make a mathematical model for an infectious disease

7. Use the statistical language R to simulate models and create figures

8.
[fill in your own goal]

9.
[fill in your own goal]

Course Policies

Participation:

This course is cumulative, and is designed to help you progressively develop the skills needed
to master challenging content. Participation is therefore essential. Attendance at all class
sections is mandatory, as is participation in all class activities. Participation includes en-
gagement in class discussions, contribution to small group activities, completion of in-class
assignments, and preparation for class by completing assigned readings.

• In-class participation will count towards your grade, including in-class assignments.

• In case of illness or emergencies, please contact me before missing class if at all possible.
Please note that you will still be responsible for the missed class material.

Technology policy:

• Cell phones are not to be used in class at any time, for any purpose.

• Computers are only to be used if instructed to do so for classwork, such as using the
statistical software R. Please be prepared to take notes on paper.

Final projects:

All students will complete a final project modeling an infectious disease, working with one
or two other people. You will work on this project throughout the semester. Lecture on
Fridays will be devoted to skills needed for your final projects. Please see the final projects
handout for more details.

Statistical Software R:

Modeling exercises and final project models will be written using the statistical software R.
There will be a midterm exam on the basic R skills needed to complete the final project,
at 2:30pm on Thursday, September 21. A passing grade on this midterm is required
to progress to further course content. Any students who do not pass will be allowed to
retake the midterm (new questions on the same content), and the new and old grades will
be averaged (see “Resubmissions” section below).
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• R can be downloaded for free at https://cran.r-project.org and installed on your
computer. The program RStudio provides a friendlier interface for R. It is also free and
can be downloaded at: https://www.rstudio.com/products/rstudio/download (R
must be installed before RStudio).

• Please bring your own laptop or check out a laptop to bring to every Friday lecture,
and other days as specified (many labs will require a laptop also). Using R on a tablet
will be much more challenging, even if you have a keyboard. Using your own laptop,
if you have one, will make it easier for you to complete the out-of-class assignments,
as program appearance, file locations, etc. vary between computers. If you are having
computer problems, please contact me as soon as possible.

Assignments and Deadlines:

Assignments will generally fall into three types: final project assignments, lab assignments,
and topical reading-based assignments.

• Assignments for the semester-long final projects will always be due on Mondays at
10pm, uploaded to Blackboard.

• Lab assignments will always be due on Wednesdays at 10pm, uploaded to Black-
board.

• Smaller topical readings and assignments will be due at the beginning of class, in hard
copy. Please make sure to check Blackboard before each class to confirm the readings
and if any assignments are due.

• No late work will be accepted. One exception per semester will be made for each
student to account for extenuating circumstances. Late final project assignments will
be treated as resubmissions (see below).

Grade Distribution:

In-class participation, including in-class assignments and out-of-class preparation 10%
Quizzes and Midterm Exam 20%
Labs 30%
Semester-long final project (all assignments total) 40%

Letter grades will follow a standard distribution based on percentages: 90-100% A, 80-89%
B, 70-79% C, 60-69% D, < 60% F.

Quizzes:
Most class sessions will begin with a short quiz on the reading assignment. These quizzes in
total make up 10% of your grade.

• Quizzes may not be made up. If you arrive late and miss the quiz, you will receive a
0. In case of excused absence due to emergency, the quiz score will be dropped.

• Your lowest quiz score will be dropped.
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Communication:

The best way to contact me is by email (aflemingdavies@sandiego.edu), in person before
or after class, or during office hours (Shiley 369). Please email me directly, not through
Blackboard. I will reply to emails as quickly as possible between 8am and 6pm. Emails
received after 6pm may not be answered until the following day. I will often use email to
communicate important information about assignments, readings, and other class details.
Please check your email frequently (at least once a day).

Resubmission policy:

The scientific process is iterative, and scientists often revise their work many times before a
paper is accepted. In order to encourage students to improve their own work, certain major
final project assignments may be revised and resubmitted for regrading. The new and old
grades will be averaged, to also encourage quality work in initial submissions. For example,
a student with a grade of 70% (C-) on the project proposal might resubmit a revised version
that earns a grade of 90% (A-). That assignment would then be regraded as an 80% (B-),
the average of 70% and 90 %. If the student then submitted an even better draft that earned
a grade of 100 %, all three grades would be averaged, to give a grade of 87%. A maximum
of two resubmissions is allowed.

Note, however, that missing the initial deadline results in a grade of 0. Therefore a student
missing the initial deadline and then later submitting a perfect assignment (100 %) would
still receive a grade of 50%, the average of 0% and 100%. The resubmission policy is intended
to help you improve your work through feedback, not as a substitute for submitting work
on time. The deadline for resubmission is one week after I return your graded assignment.
In addition, all resubmitted work for the semester must be submitted by 23 November
(even if this is less than a week since the assignment was returned), in order to allow you
time to incorporate all feedback in your final version of your final project. Please note that
the complete draft of your project cannot be resubmitted; your final version should be the
revised version of this assignment.

Accessibility:

If you have a disability or condition that might affect your ability to participate in class
activities or require any accommodations in class, please contact me in person or by email
as soon as possible. I will work with you and the DLDRC to make any needed academic
accommodations. If you are more comfortable having a USD staff member familiar with
your situation contact me instead, please feel free to do so. A student attempting to access
Disability Services for the first time should begin by contacting the Director of Disability
Services and/or the Learning Disabilities Specialist in Serra Hall, Room 300 (619-260-4655).
It is the student’s responsibility to schedule an ”intake” meeting with the Director as soon
as possible.
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Wellness Resources:

As a student you may experience a range of issues that can cause barriers to learning,
such as strained relationships, increased anxiety, alcohol and other drug concerns, difficulty
concentrating, and/or lack of motivation. These types of stressful events or mental health
concerns can lead to diminished academic performance or reduce a students ability to to
participate in daily activities. If you or a friend are experiencing concerns USD Student
Wellness offers services to assist all students. Please visit the You are USD website at
http://sites.sandiego.edu/youareusd/ or call (619) 2604655. Services are also avail-
able 24/7 through Public Safety at (619) 260-2222.

Academic Integrity:

Plagiarism will be taken very seriously, according to USD’s Honor Code. All submitted
student work may be run through online tools to detect plagiarism. For tips on how
to avoid plagiarism in research papers, please see the University of Wisconsin’s guide at
https://writing.wisc.edu/Handbook/QPA_plagiarism.html.
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Tentative Course Outline:The specific content will change depending on the progress of
the class; an updated and more detailed version will always be found on Blackboard. Reading
assignments will be given in class the week before and will also be posted on Blackboard.
Please see final projects handout for final project assignment deadlines.

Week Content

6 Sept • Introduction to disease ecology, outbreaks; introduction to R

11 Sept • Intro to epidemiological models (SIR)

• HIV

18 Sept
• More SIR models, R0

• Measles, childhood diseases

• R basics midterm exam, in lab Sep. 21

25 Sept • Modes of transmission, vector-borne diseases

• Lyme disease, Zika, other mosquito-borne diseases

2 Oct • Evolution of virulence

• House finch conjunctivitis, parasites of monarch butterflies

9 Oct • Evolution of virulence

• Plant viruses, gypsy moth zombie virus

16 Oct
• Density and frequency dependent transmission

• Tasmanian devil infectious cancer

• No class Friday (Fall Break)

23 Oct • Host heterogeneity

• HIV

30 Oct • Host heterogeneity and behavior

• Mange in wolves, ant zombie fungus

6 Nov • Control measures: vaccination and herd immunity

• Pertussis, flu

13 Nov • Control measures

• Malaria

20 Nov
• Community ecology of disease

• Amphibian diseases, trematodes

• No class Friday (Thanksgiving)

27 Nov • Community ecology of disease

• Hantavirus

4 Dec • Environmental and human impacts

• Cholera, sudden oak death

11 Dec • Environmental and human impacts, conclusions

20 Dec • Final exam Dec 20 at 8am
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