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Course Syllabus
BIOST/STAT 578 A Statistical Methods in Infectious Diseases

Winter 2009

Instructors: M. Elizabeth Halloran and Ira M. Longini, Jr.
Professors of Biostatistics
betz@fhcrc.org, ira@scharp.org
Time: TTh 10:30–11:50 am; Begin: January 6, 2009
Office hours: TBN
Location: Health Sciences T–531
Credits: 3 hours, CR/NC

Course Description: This course will introduce concepts of infectious disease epidemiology
and study designs and analytic methods for evaluating interventions. Especially the relation
between the underlying transmission dynamics and the design and evaluation of interventions
will be discussed. Special emphasis will be on the design and evaluation of vaccination and
vaccination programs. We will present methods for real-time statistical evaluation of interven-
tions of emerging infectious diseases. Statistical and mathematical methods include survival
analysis, likelihood and Bayesian methods, smoothing methods, stochastic processes, network
theory, and stochastic and deterministic transmission models. We will discuss causal inference
for interventions in infectious diseases. Examples include case studies in influenza, HIV, measles,
cholera, rubella, dengue, and malaria, among others. Presentations are largely statistical and
mathematical, but with a focus on concepts.

Learning Objectives: At the end of this course, the student should be able to

1. Describe the relation between the underlying transmission dynamics and the design and
evaluation of interventions.

2. Define direct, indirect, total, and overall effects and the general types of study designs to
estimate them

3. Define, estimate, and interpret the basic reproductive number, R0

4. Define the generation time and serial interval of an infectious disease

5. Formulate simple deterministic models of infectious disease transmission

6. Distinguish VES , VEI , VEP , and VESP and the study design and statistical methods to
estimate them.

7. Compute the probability of no spread and final-size distribution for a stochastic Reed-Frost
model

8. Distinguish three time lines of infection: transmission, disease, and behavior

9. Contrast the leaky with the all-or-none mechanism of vaccine protection and compare their
implications for interpreting vaccine trial results and for population dynamics
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10. Estimate in real-time R0 for an emerging infectious disease

11. Discuss applications of causal inference in infectious diseases

12. Design studies and community trials to evaluate indirect, total and overall effects of vac-
cination

13. Analyze household secondary attack rate studies

14. Distinguish different methods for analyzing studies of households assumed to be in com-
munities

15. Evaluate the effects of vaccines on post-infection outcomes

16. Explain the elements of a stochastic simulation model

17. Describe the application of mathematical transmission models to describe the indirect and
overall effects of intervention programs.

18. Describe the application of statistical methods such as survival analysis, likelihood and
Bayesian methods to problems in infectious diseases

19. Use validation sets for outcomes in infectious disease studies

20. Discuss different methods for evaluating immunological surrogates of protection

Students: This course is open to PhD and Master’s students with a wide variety of backgrounds,
including Biostatistics, Statistics, Epidemiology, Biology, and others. Post-docs and faculty are
welcome to participate.

Evaluation: Class participation and a written project depending on the background and inter-
est of the student.

Text:

• Design and Analysis of Vaccine Studies (book draft), M. Elizabeth Halloran, Ira M.
Longini, Jr., and Claudio J. Struchiner, Springer Verlag, 2009 (will be available for down-
load from the web for course participants)

• journal articles and supplementary notes.

Website: http://courses.washington.edu/b578a

1. January 6

• Halloran: Introduction to the course: population biology, micro- versus macro para-
sitic diseases, R0, generation time, time lines of transmission and disease, transmis-
sion probability, dependent happenings, dynamic models: epidemic versus endemic
models, basic immunology
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• Readings: Halloran, Longini, Struchiner (2009) Chapters 1 and 3

• Further: Ross (1916); Fraser et al (2004)

• Software: http://www.berkeleymadonna.com

2. January 8

• Longini: Reed-Frost model, Greenwood model, chain-binomial model

• Readings: Halloran, Longini, Struchiner (2009) Chapter 4

• Further: Bailey (1975); Becker (1989); Fox and Elveback (1975); Longini (1998)

• Software: small simulator

3. January 13

• Halloran: Dependent happenings; direct, indirect, total and overall effects of interven-
tions; VES , VEI , VEP ; overview of study designs for different effects; herd immunity

• Readings: Halloran, Longini, Struchiner (2009) Chapter 2 and 6

• Further: Greenwood and Yule (1915); Rhodes, Halloran, Longini (1996); Halloran
(2001b); Halloran and Struchiner (1991); Halloran et al (1997), Basta et al (2008)
Fine (1993);

4. January 15

• Halloran: Deterministic models I; simple insights from R0; SIR, SEIR, SIS, and SI
models

• Readings: Halloran, Longini, Struchiner (2009) Chapter 5

• Further: Halloran (2001a); Fraser et al (2004); Anderson and May (1991)

5. January 20

• Longini: Vaccine efficacy and models of vaccine mechanisms; time-to-event and final
value data

• Readings: Halloran, Longini, Struchiner (2009) Chapter 7

• Further: Smith, Rodriguez, Fine (1984); Longini and Halloran (1996); Durham et al
(1999); Halloran, Longini, Struchiner (1999), Durham et al (1998)

6. January 22

• Longini: Estimating R0 for emerging infectious diseases in real time

• Readings: Wallinga and Teunis (2004); Yang et al (2007)

• Further: Cauchemez et al (2006)

7. January 27

• Halloran: Households studies I; dynamics, study designs, and estimation; secondary
attack rate, community probability of infection, estimating VES and VEI , households
within communities, independent households

• Readings: Halloran, Longini, Struchiner (2009) Chapters 10 and 12
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• Further: Longini, et al (1988), Halloran, Préziosi, Chu (2003) Longini and Koopman
(1982); Becker (1989); O’Neill et al (2000); Longini, Datta, Halloran (1996); Addy et
al (1991); Préziosi and Halloran (2003); Fine et al (1988); Halloran et al (2006)

8. January 29

• Longini: Stochastic epidemic models: Pandemic influenza I

• Readings: Halloran, Longini, Struchiner (2009) Chapter 4

• Further: Longini et al (2005); Germann et al (2006); Ferguson et al (2005); Ferguson
et al (2006); Halloran and Longini (2006); Longini et al (2004); Halloran et al (2002);
Patel et al (2005)

9. February 3

• Longini: Stochastic epidemic models: Pandemic influenza II

• Readings: See previous class

10. February 5

• Guest Lecture: Dr. Yang Yang

• Households within a community II; Estimating (A)VEI and (A)VES from time of
onset data

• Readings: Halloran, Longini, Struchiner (2009) Chapter 11

• Further: Yang et al (2006); Rampey et al (1992); Cauchemez et al (2004);

11. February 10

• Halloran: Evaluating indirect, total, and overall effects before and after vaccination,
mini-community design

• Readings: Halloran, Longini, Struchiner (2009) Chapter 13

• Further: Halloran and Struchiner (1991)

12. February 12

• Guest lecture: Professor Herb Hethecote

• Deterministic models II: Rubella Vaccination Strategies in China

• Readings: TBN

13. February 17

• Halloran: Community trials for estimating vaccine effects

• Readings: Halloran, Longini, Struchiner (2009) Chapter 13

• Further: Longini et al (2002); Struchiner and Halloran (2007); Hayes and Moulton
(2009); Hayes et al (1995); Moulton (2004); Gambia Hepatitis Study Group (1987).

14. February 19

• Halloran: Evaluating immunological surrogates of protection
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• Readings: Halloran, Longini, Struchiner (2009) Chapters 15 and 3

• Further: Gilbert and Hudgens (2008), Qin et al (2007)

15. February 24

• Longini: What exactly is R0 anyway? Theory of heterogeneous mixing; critical vacci-
nation fraction; R0 as the eigenvalue of the next generation matrix, flu optimization

• Readings: Hill and Longini (2002)

• Further: Dieckmann et al (1990)

16. February 26

• Longini: Cholera: ecological determinants and vaccination

• Readings: Halloran, Longini, Struchiner (2009) Chapter 4

• Further: Hartley et al (2006); Longini et al (2002); Huq et al (2005)

17. March 3

• Halloran: Estimating efficacy of vaccination on post-infection outcomes, VEP

• Readings: Halloran, Longini, Struchiner (2009) Chapter 9

• Further: Gilbert et al (2003a); Hudgens and Halloran (2006); Préziosi and Halloran
(2003);

18. March 5

• Longini: Estimation of subtype-specific infectiousness of HIV

• Readings: Hudgens et al (2002);

• Further: Hudgens et al (2001)

19. March 10:

• Halloran: Validation sets for outcomes in vaccine studies

• Readings: Halloran, Longini, Struchiner (2009) Chapter 8

• Further: Halloran et al (2003); Halloran and Longini (2001); Scharfstein et al (2006)

20. March 12: last class

• Guest lecture: Dr. Eben Kenah

• How do we discover contact structures and what do they tell us about epidemic
outcomes? Network-based analysis of stochastic SIR models.

• Readings: Wallinga et al (2006); Halloran (2006); Keeling and Eames (2005); New-
man et al (2001)

• Further: Kenah and Robins (2007a,2007b); Andersson (1998)

21. March 16–20

• Exam week
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approach to study transmission of influenza: application to household longitudinal data.
Statistics in Medicine, 23:3469–87, 2004.

[9] O Dieckmann, JAP Heesterback, and JAJ Metz. On the definition and the computation of
the basic reproduction ratio R0 in models for infectious diseases in heterogeneous popula-
tions. J Math Biol, 28:365–382, 1990.

[10] LK Durham, ME Halloran, IM Longini, and AM Manatunga. Comparison of two smoothing
methods for exploring waning vaccine effects. Applied Statistics, 48:395–407, 1999.

[11] LK Durham, IM Longini, ME Halloran, JD Clemens, A Nizam, and M Rao. Estimation of
vaccine efficacy in the presence of waning: application to cholera vaccines. Am J Epidemiol,
147:948–959, 1998.

[12] NM Ferguson, DA Cummings, S Cauchemez, C Fraser, S Riley, A Meeyai, S Iamsirithaworn,
and DS Burke. Strategies for containing an emerging influenza pandemic in Southeast Asia.
Nature, 437:209–14, 2005.

[13] NM Ferguson, DAT Cummings, C Fraser, JC Cajka, PC Cooley, and DS Burke. Strategies
for mitigating an influenza pandemic. Nature, 442:448–252, 2006. doi:10.1038/nature04795.

[14] PEM Fine. Herd immunity. Epidemiologic Reviews, 15:265–302, 1993.

[15] PEM Fine, JA Clarkson, and E Miller. The efficacy of pertussis vaccines under conditions
of household exposure: Further analysis of the 1978-80 PHLS-ERL study in 21 area health
authorities in England. Int J Epidemiol, 17(3):635–642, 1988.



Statistical Methods in Infectious Diseases: January 21, 2009 7

[16] J Fox and L Elveback. Herd immunity changing concepts. In Viral Immunology and
Immunopathology, chapter 16, pages 273–290. WB Saunders, Philadelphia, 1975.

[17] C Fraser, S Riley, RM Anderson, and NM Ferguson. Factors that make an infectious disease
controllable. PNAS, 101:6146–6151, 2004.

[18] Gambia Hepatitis Study Group. The Gambia Hepatitis Intervention Study. Cancer Re-
search, 47:5782–7Gil, 1987.

[19] TC Germann, K Kadau, IM Longini, and CA Macken. Mitigation strategies for pandemic
influenza in the United States. PNAS, 103:5935–40, 2006.

[20] PB Gilbert, RJ Bosch, and MG Hudgens. Sensitivity analysis for the assessment of causal
vaccine effects on viral load in HIV vaccine trials. Biometrics, 59:531–541, 2003.

[21] PB Gilbert and MG Hudgens. Evaluating candidate principal surrogate endpoints. Bio-
metrics, 64(4):1146–1154, 2008.

[22] M Greenwood and UG Yule. The statistics of anti-typhoid and anti-cholera inoculations,
and the interpretation of such statistics in general. Proc R Soc Med, 8(part 2):113–194,
1915.

[23] ME Halloran. Concepts of transmission and dynamics. In JC Thomas and DJ Weber, edi-
tors, Epidemiologic Methods for the Study of Infectious Diseases. Oxford University Press,
Oxford, 2001a.

[24] ME Halloran. Overview of study design. In JC Thomas and DJ Weber, editors, Epi-
demiologic Methods for the Study of Infectious Diseases. Oxford University Press, Oxford,
2001b.

[25] ME Halloran. Invited commentary: Challenges of using contact data to understand acute
respiratory disease transmission. American Journal of Epidemiology, 164:945–946, 2006,
doi:10.1093/aje/kwj317.

[26] ME Halloran, FG Hayden, Y Yang, IM Longini, and AS Monto. Antiviral effects on
influenza viral transmission and pathogenicity: Observations from household-based trials.
American Journal of Epidemiology, 165:212–221, 2007, doi:10.1093/aje/kwj362.

[27] ME Halloran and IM Longini. Using validation sets for outcomes and exposure to infection
in vaccine field studies. Am J Epidemiol, 154:391–398, 2001.

[28] ME Halloran and IM Longini. Community studies for vaccinating schoolchildren against
influenza. Science, 311:615–616, 2006.

[29] ME Halloran, IM Longini, MJ Gaglani, PA Piedra, H Chu, GB Herschler, and WP Glezen.
Estimating efficacy of trivalent, cold-adapted, influenza virus vaccine (CAIV-T) against
influenza A (H1N1) and B using surveillance cultures. American Journal of Epidemiology,
158:305–311, 2003.

[30] ME Halloran, IM Longini, A Nizam, and Y Yang. Containing bioterrorist smallpox. Science,
298:1428–32, 2002.



Statistical Methods in Infectious Diseases: January 21, 2009 8

[31] ME Halloran, IM Longini, and CJ Struchiner. Design and interpretation of vaccine field
studies. Epidemiologic Reviews, 21:73–88, 1999.

[32] ME Halloran, IM Longini, and CJ Struchiner. Design and Analysis of Vaccine Studies.
Springer-Verlag, New York, 2009 (to be published).
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