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Jonathan Dushoff and Jim Scott 

¡  Published	  analysis	  of	  
London	  mortality	  data	  
in	  1662	  

¡  Recognized	  patterns	  
and	  trends	  such	  as	  
male-‐female	  disparities	  
and	  high	  infant	  
mortality	  
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In 1632 
Plague: 8 

Buried: 
9535 
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¡  “The	  science	  of	  preventing	  disease,	  prolonging	  
life,	  and	  promoting	  	  physical	  health	  and	  
efficiency	  through	  organized	  community	  
efforts…	  ”	  	  	  	  -‐	  Winslow	  

§  Prevention	  is	  job	  #1	  
§ Works	  at	  the	  population	  level	  
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“I	  believe	  the	  history	  of	  public	  health	  
might	  be	  written	  as	  a	  record	  of	  successive	  
redefinings	  of	  the	  unacceptable.”	  	  	  
-‐	  Sir	  Geoffrey	  Vickers	  
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400 BCE Hippocrates presents causal relation between environment and disease

1st Century Romans introduce public sanitation and organized water supply system

14th Century Black Death leads to quarantine

Middle Ages Colonial expansion spreads infectious disease aroung the world

1750-1850 Industrial Revolution results in health and social improvements

1850-1910 Expansion of knowledge about infectious disease agents and transmission

1910-1945 Reductions in child mortality; Development of schools of public health; 
International foundations

1945-1990 Creation of World Bank; WHO; Eradication of smallpox; Beginning of HIV 
pandemic

1990-Present Priority given to health sector reform, equity, health and development

A Summarized History of International Public Health 
(Merson, Black, Mills, 2nd ed.) 
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Public Health 
Improvements 

Cleaner	  Water	  

Vaccinations	   Family	  
Planning	  

Cleaner	  Food	   Smallpox	  
Eradication	  

Education	  

Improved	  
Sanitation	  

Improved	  
Hygiene	   Cleaner	  Air	  

Tobacco	  	  
Control	  

Better	  	  
Nutrition	  

Vector	  	  
Control	  

Google:  Life expectancy 

¡  Assess	  health	  of	  
populations	  
(surveillance)	  

¡  Policy	  development	  
¡  Assure	  that	  services	  
are	  available	  

¡  Prevent	  disease	  

¡  Assess	  health	  of	  
individuals	  (diagnosis)	  

¡  Develop	  treatment	  
plan	  (regimen)	  

¡  Administer	  treatment	  
¡  Cure	  the	  patient	  

Public Health Medicine 
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¡  Assessment	  :	  	  
§  Epidemiology	  and	  Statistics	  

14 



8 

¡  Policy	  Development	  
§  Government	  and	  	  International	  	  Organizations	  

▪  e.g.	  The	  World	  Health	  Organzation	  
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¡  Assurance	  
§  Implementation	  and	  maintenance	  
§  Governments	  and	  Public	  Health	  Infrastructure	  
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¡  Five	  Steps	  
§  Define	  the	  problem	  
§  Determine	  risk	  factors	  
§  Develop	  interventions	  	  
§  Implementation	  
§ Maintenance	  
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¡  The	  problem:	  
§  1966:	  	  10	  –	  15	  million	  cases	  of	  smallpox	  in	  50+	  
countries	  

§  1-‐2	  million	  deaths	  annually	  
§  ~	  30%	  	  case-‐fatality	  ratio	  
§  Higher	  in	  children	  
§  Survivors	  scarred	  for	  life	  
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Source: Millions Saved:  Proven Successes in Global Health,  Center for Global Development, 2004 
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¡  Natural	  History/Risk	  Factors	  
§  Variola	  virus	  
§  Airborne	  /	  contact	  with	  an	  infected	  person	  
§  Non-‐infectious	  for	  up	  to	  17	  days	  
§  Flu-‐like	  symptoms	  –	  high	  fever	  
§  Rash	  
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¡  Intervention:	  vaccination	  
§  In	  existence	  since	  18th	  century	  –	  Edward	  Jenner	  
§  Improved	  vaccine	  in	  1920s	  
§  1959:	  	  Global	  eradication	  program	  endorsed	  by	  
the	  WHO	  
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¡  Implementation	  
§  1959:	  	  1	  fulltime	  WHO	  medical	  officer,	  1	  assistant	  
§  National	  vaccination	  campaigns	  
§  1965:	  World	  Health	  Assembly	  –	  “eradication	  of	  
smallpox	  is	  a	  main	  objective	  of	  the	  WHO”	  

§  1967:	  Smallpox	  Eradication	  Program	  
§  1970’s:	  focused	  ‘containment’	  teams	  
§  1973:	  5	  countries	  remaining	  
§  1977:	  last	  endemic	  case	  
	   21 

22 
Source: Vaccines, 3rd ed. ,W.B. Saunders Co. 1999 

The Decline of Smallpox 
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¡  Assessment	  
§  2	  years	  of	  surveillance	  and	  searching	  
§ May	  1980:	  	  Smallpox	  declared	  “eradicated”	  
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¡ Barriers	  to	  public	  health	  
§ Economic	  
§ Moral/religious	  
§  Individual	  freedom	  
§ Political	  
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¡ Public	  Health 	  	  
§ Prevention	  
§ Populations	  
§ Challenging	  

25 
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Policy	  
Development	  

Assessment	  

Assurance	  

Epidemiology	  

¡  “The	  study	  of	  the	  	  
§  distribution	  and	  	  
§  determinants	  	  
§  of	  health-‐related	  states	  or	  events	  	  
§  in	  specified	  populations,	  and	  the	  
application	  of	  this	  study	  to	  control	  
health	  problems”	  
	  	  
	  -‐	  J.	  Last,	  Dictionary	  of	  Epidemiology	  	  
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¡  The…	  
§ Who	  
§ What	  
§ When	  
§ Where	  
§ Why	  
§  and	  How	  
	   	   	  ……of	  Disease	  
	   	   	   	  	  

Descriptive Epidemiology 

Analytic Epidemiology 
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Slide courtesy of Warren Winkelstein 30 
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¡  Describe	  Disease	  in	  the	  
Population	  
§  Surveillance,	  
observation,	  research,	  
experiments	  

§  Person,	  place,	  and	  time	  
	  

¡  Determinants	  
§  Physical,	  biological,	  
social	  and	  behavioral	  
factors	  that	  influence	  
health	  

¡  Natural	  History	  of	  Disease	  	  
§  Symptoms,	  
pathogenisis,	  incubation	  

	  
¡  Design/Implement	  

interventions	  
§  Control	  disease	  
	  

¡  Inform	  Policy	  
§  Use	  findings	  to	  promote,	  
protect,	  and	  restore	  
health	  –	  “Big	  Picture”	  
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¡  Describe	  Disease	  in	  
the	  Population	  
	  	  
	  -‐	  Surveillance	  

	  
	  -‐	  Distribution	  of	  
disease	  

	  

¡  Determinants	  of	  
Disease	  
	  	  

	   	  -‐	  Outbreak	  investigations	  
	  
	  -‐	  Observational	  studies	  

	  
	  -‐	  Experimental	  studies	  
(RCTs)	  

	  
	  	  

¡  Interventions	  
	  
-‐	  	  Mathematical	  modeling	  
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0.85 vs 2.11,  a reduction in HIV incidence of approximately 60% 
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Results  “We were unable to identify any 
randomised controlled trials of parachute 
intervention.”  

Conclusion “We think that everyone might 
benefit if the most radical protagonists of 
evidence based medicine organised and 
participated in a double blind, randomized, 
placebo controlled, crossover trial of the 
parachute.”  

38 
Source: Google Images 
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¡ Models	  allow	  us	  to	  gain	  insight	  into	  public	  
health	  questions	  (e.g.	  Universal	  testing)	  
§  Differences	  between:	  
▪ What	  factors	  increase	  the	  risk	  of	  HIV	  transmission?	  
(Analytic	  Epidemiology)	  
▪  In	  what	  populations	  is	  HIV	  incidence/prevalence	  the	  
highest?	  (Descriptive	  Epidemiology)	  
▪  By	  how	  much	  could	  we	  expect	  the	  incidence	  of	  HIV	  to	  
decrease	  in	  South	  Africa	  if	  	  80%	  of	  all	  sexually	  active	  
people	  used	  condoms	  80%	  of	  the	  time?	  	  (Public	  Health	  
Impact)	  
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¡  1)	  	  Simple	  as	  possible	  
§  Avoid	  unnecessary	  complexity	  
§  Only	  add	  complexity	  when	  the	  research	  question	  
demands	  it	  

¡  2)	  Based	  on	  what	  is	  known	  
§  Biological	  systems	  
§  DATA	  

40 

Implies we must know relevant: 
 - biology 
 - statistics (how to make 
  sense of data) 
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Universal voluntary HIV 
testing with immediate 
antiretroviral therapy as a 
strategy for elimination of 
HIV transmission: a 
mathematical model 

Reuben M Granich, Charles F Gilks, 
Christopher Dye, Kevin M De Cock, 
Brian G Williams 
 

Lancet 2009; 373 

42 
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¡  This	  process	  has	  been	  in	  practice	  since	  at	  
least	  1760	  
§ What	  do	  I	  mean	  by	  “process”	  
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Commons.wikipedia.org 

Daniel Bernoulli 

¡  Inoculation	  as	  prevention	  
¡  Not	  without	  costs	  
¡  Is	  it	  worth	  the	  risk?	  
	  

44 

Commons.wikipedia.org en.wikipedia.org 
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¡  Bernoulli	  worked	  out	  solutions	  for	  a	  system	  of	  
differential	  equations	  (impressive	  at	  the	  
time!)	  

¡  Determined: 	  	  
§  Life	  expectancy	  with	  
	  	  	  	  inoculation	  
§  Life	  expectancy	  without	  
	  	  	  	  inoculation	  
	  
	   45 

¡  Inoculating	  everyone	  at	  birth	  increased	  
overall	  life	  expectancy	  by	  about	  3	  years	  

¡  Effective	  as	  long	  as	  the	  probability	  of	  dying	  
from	  smallpox	  right	  after	  inoculation	  is	  less	  
than	  ~	  11%	  

¡  Bernoulli	  estimated	  this	  risk	  to	  be	  ~1%	  

¡  Despite	  these	  results,	  inoculations	  were	  
never	  performed	  on	  a	  large	  scale	  (in	  France)	  
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Source: Fine, PEM.  John Brownlee and the Measurement of Infectiousness.   
J.R. Stastist. Soc. A, Vol. 142, No. 3 (1979) 

¡ William	  Farr	  (1840):	  Fitting	  curves	  to	  
mortality	  data	  

¡  Predicted	  smallpox	  deaths	  

¡  Descriptive	  technique	  
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¡  P.D.	  En’ko	  (1889)	  

¡  Formulated	  discrete	  time	  models	  and	  fit	  
them	  to	  observed	  measles	  epidemics	  
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Source: Dietz K. The first epidemic model: A historical note on P.D. En’ko. 
Austral J. of Statist., 30A, 1988. 

¡ William	  Hamer	  (1906):	  Recurrence	  of	  measles	  

¡  Discrete	  time	  model	  

¡  Incidence	  is	  related	  to	  the	  	  product	  of	  
prevalence	  times	  susceptibles	  

¡  “Mass	  Action”	  
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¡  John	  Brownlee	  (1907)	  
¡  Sought	  to	  quantify	  “infectivity”	  
¡  Suggested	  infectivity	  changes	  over	  time	  
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Source: Fine, PEM.  John Brownlee and the Measurement of Infectiousness.   
J.R. Stastist. Soc. A, Vol. 142, No. 3 (1979) 

¡  Ronald	  Ross	  (1911):	  Suggested	  malaria	  could	  
be	  eradicated	  by	  reducing	  mosquitoes	  

¡  Used	  models	  to	  explore	  this	  claim	  
¡  Not	  necessary	  to	  eliminate	  all	  mosquitoes	  
¡  First	  to	  explore	  “mass	  action”	  in	  continuous	  
time	  (e.g.	  dy/dt	  =	  ky(1	  –	  y),	  y	  =	  prevalence)	  
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“As a matter of fact all epidemiology, concerned as it is with the 
variation of disease from time to time or place to place, must be 
considered mathematically, however many variables are implicated if it 
is to be considered scientifically at all.”   R. Ross. 
 

Fine, PEM.  John Brownlee and the Measurement of Infectiousness.   
J.R. Stastist. Soc. A, Vol. 142, No. 3 (1979) 
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¡  A.	  McKendrick	  (1927)	  &	  W.	  Kermack	  (1927)	  
¡  Deterministic	  epidemic	  models	  
¡  Epidemic	  threshold	  

dI/dt	  =	  I(t)	  (aS(t)	  –	  b)	  
If	  S(0)	  	  <	  b/a	  then	  dI/dt	  <	  0	  
	  -‐	  infection	  dies	  out	  
	  If	  S(0)	  >	  b/a	  then	  dI/dt	  >0	  
-‐  Infection	  spreads	  

¡  Ro	  =	  Basic	  reproductive	  ratio	  
	   53 

¡ William	  Farr	  (1840)	  Curve	  fitting	  
¡  P.D.	  En’ko	  (1889)	  	  Discrete	  time	  model	  
¡ W.	  H.	  Hamer	  (1906)	  	  
¡  J.	  Brownlee	  (1906)	  
¡  R.A.	  Ross	  (1911)	  
¡  A.	  McKendrick	  (1927)	  
¡ W.	  Kermack	  (1927)	  
¡ Many	  others	  

	  
	   54 



28 

55 

YOU	  

Mathematics 

Biology 

Epidemiology 

Statistics 

Technology 

Public Health 

Slide courtesy of Warren Winkelstein 56 


