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Some useful quotes (maybe) 

• “All mathematical models are tautologies ….. “ 

 

 

 

• “All statistical models are inferential engines …. “ 

 

 

• Therefore, “combining mathematical and 
statistical models results in tautological inferential 
engines“ i.e., integrating observation and theory 

 

 





Vaccine Efficacy and Direct 

Effects 



Measures of Vaccine Efficacy 

• {VE(t)S , VE(t)P , VE(t)I} 

• VES   Vaccine Effect on Susceptibility  

– Classical III vaccine trials 

• Many times observe 

VESP = 1 – (1 – VES) (1 – VEP) 

– Phase I and II vaccine trials 

• Correlates of immunity 

– Challenge studies in humans or animals 

– Leaky vs all-or-none 

 



Measures of Vaccine Efficacy 

• VEP   Vaccine Effect on Clinical Disease  

– Possible phase III vaccine trials if infection in both 

symptomatic and asymptomatic are included 

– Usually only VESP is available 

– Challenge studies in humans or animals 

– All-or-none  



Measures of Vaccine Efficacy 

          

• VEI  Vaccine Effect on Infectiousness 
– Vaccine trials in households or other small 

transmission groups 
• Whole cell pertussis vaccine:   
    VEI = 0.85 (0.46 – 0.95) 95% CI* 

– Teased out of indirect effects (community 
randomized vaccine trials, modeling) 

– Challenge studies in humans or animals, 
however challenge dose is usually too large 

 
*Preziosi and Halloran.  Effects of pertussis vaccination on 

transmission: Vaccine Efficacy for infectiousness, Vaccine, 
21:1853-1861 (2003). 

 
 



Indirect, total and overall 

effects 
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Effectiveness and impact 

• Effectiveness 

• VEX= 1 – (rvac/rnovac) 

• rvac overall incidence rate with vaccination campaign 

• rnovac overall incidence rate with no vaccination in a  
    comparable population 

 

• VPDIX = (#risk) rnovacVEX  , cases averted 

  = (#risk) (rnovac – rvac) 



What models can do 

• Provide reasonable simulations and 
analysis of vaccine effects on populations 

• Direct, indirect (heard immunity, overall and 
total effects) 

• Be used to compare different vaccination 
strategies and find optimal strategies 

• Help with design and analysis of vaccine 
trials and impact field studies 

 

 



What models can do (continued) 

• Provide hypotheses that can be tested in 
the field 

• Provide impact numbers for cost 
effectiveness calculations 

• Make accurate short term forecasts of 
vaccine program impact in particular 
populations 

• Probabilistic format 

• Sensitivity analysis for poorly determined 
parameters and data 

 

 

 



What models can not do 

• Generate critical data on actual vaccine 
efficacy and impact in populations 

• This can only be done with real vaccine trials 
and, effectiveness trials and studies 

• Models will never replace field trials and 
studies 

• Make accurate forecasts of vaccine 
program impact in particular populations 

• Long term forecasting is not possible except 
in very probabilistic forms 

 

 



Case study of successful creation of 
a  tautological inferential engine, i.e, 
successful integration of observation 

and theory 

• Killed oral cholera vaccine impact 

• Licensed vaccine Shanchol 

• Phase IV vaccine effectiveness trials 

• Potential use of cholera vaccines 



Start in the field         modeling 

• Killed oral cholera vaccine trial in Matlab 
Banglesh, 1985-1989. 

• Clemens, et al. Lancet 335 (1990) 

• VESP ≈ 0.65, waning protection, about 2.5 years 

• Ali, et al. Lancet 366 (2005) – Create CRT! 

• GIS mapping of cases, evidence of indirect protections 

• Longini, et al. PLoS Med (2007) 

• Mathematical model projecting indirect, total and overall 
effectiveness for one year    



Vaccination Coverages, Average Incidence Rates and Direct Effectiveness (Calibration Runs) 

 

 Mean Cases/1000 

 (95% CI) 

 

 

 

Vaccination Coverage (%) 

 

 

Placebo 

 

 

Vaccinated 

Mean Direct 

Effectiveness (%) 

 (95% CI) 

Target 

Population 

Overall 

Population 

 

Observed 

 

Simulated 

 

Observed 

 

Simulated 

 

Observed 

 

Simulated 

14   9 7.0 

(6.5, 7.5) 

7.8 

(1.9, 14.8) 

2.7 

(1.9, 3.5) 

2.8 

(0.5, 6.1) 

62 65 

(52, 77) 

 

31 20 5.9 

(5.4, 6.4) 

4.7 

(0.9, 10.2) 

2.5 

(2.0, 3.0) 

1.7 

(0.3, 3.8) 

58 65 

(55, 76) 

 

38 25 4.7 

(4.2, 5.2) 

3.8 

(0.8, 8.6) 

1.6 

(1.2, 2.0) 

1.3 

(0.2, 3.4) 

67 65 

(54, 77) 

 

46 30 4.7 

(4.2, 5.2) 

2.8 

(0.5, 6.8) 

2.3 

(1.9, 2.7) 

1.0 

(0.1, 2.5) 

52 66 

(54, 79) 

 

58 38 1.5 

(1.2, 1.8) 

1.8 

(0.3, 4.8) 

1.3 

(1.0, 1.6) 

0.6 

(0.1, 1.8) 

14 66 

(51, 80) 

 

 
χ² goodness-of-fit test for frequency data p = 0.84 

Source:  Longini, et al. Controlling endemic cholera with oral vaccines. PloS Med  (2007) 



Average Indirect, Total and Overall Effectiveness of Vaccination,  

and Cases Prevented 10,000 Per Doses 

 

 Mean Effectiveness (%)  

(95%CI) 

 

Vaccination   

Coverage (%) 

 

Indirect 

 

Total 

 

Overall 

Mean # Cases Prevented 

 per 10,000 Doses 

10 30 

(-39, 83) 

76 

(47, 95) 

34 

(-30, 84) 

50 

 

 

30 70 

(31, 93) 

90 

(76, 98) 

76 

(44, 95) 

40 

 

 

50 89 

(72, 98) 

97 

(91, 99) 

93 

(82, 99) 

30 

 

 

70 97 

(91, 99) 

99 

(97, 100) 

98 

(95, 100) 

20 

 

 

90 99 

(98, 100) 

100 

(99, 100) 

100 

(99, 100) 

20 

 

 

 

 Source:  Longini, et al. Controlling endemic cholera with oral vaccines. PloS Med  (2007) 
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Field first – model – back to the field  

• Development of killed oral cholera vaccine 
Shanchol by International Vaccine Institute and 
partners 

• Large scale cluster-randomized trial of 
Shanchol in Kolkata, India, 2006 - present 

• Bhattacharya, et al.: Lancet 13 (2013) (5 yrs follow-
up) 

• VESP, older than 5 yrs ≈ 0.65, VESP, 1-5 yrs  ≈ 0.40 

• at least 5 years of protection 

• Dimitrov, et al.:  PLoS (2014). 

• Mathematical modeling of the indirect, total and overall 
effectiveness over a 20 year horizon 

 

 

 



Modeling to implement policy 

Dimitrov DT, Troeger C, Halloran ME, Longini IM, 
Chao DL.  Comparative effectiveness of 
different strategies of oral cholera vaccination in 
Bangladesh: A modeling study.  PLoS Negl Trop 
Dis. DOI: 10.1371/journal.pntd.0003343 (2014). 



Model calibration 1997-
2001(Matlab, Banglash 

Relative susceptibility 

0-1y  2-4y 5-14y 

6.274 5.253 1.845 

Magnitude  

I period  

Magnitude  

II period 

 Delay  

II period  

10-80 15-150 0-60 



Vaccination strategies 
 One time vaccination.  A proportion (coverage) 

of the targeted population is vaccinated once at 
the start of the simulation. 

 Periodic campaigns. A proportion of the targeted 
population is vaccinated every three years.   

 Continuous vaccination. A proportion of the 
targeted population is vaccinated initially After the 
first year, a continuous revaccination is in place at 
a fixed rate.  

 Periodic campaign with limited doses. A limited number of vaccine doses are 
distributed to the targeted population, as mass vaccination campaigns every three 
years. The vaccine supply is assumed to be sufficient to vaccinate 5,000, 10,000, 
and 15,000 individuals per campaign. 



Results: Annual cholera cases 

cholera incidence 
oscillates and peaks 
in the years 
preceding each 
campaign  

cholera transmission is basically 
stopped after 10 years 



Results: Overall effectiveness 

70% vaccination 
coverage averts 
more than 90% of 
the cholera cases 
in the first year 

Effectiveness of one-time vaccination is 
only about 10% after 20 years 

continuous 
strategy 
achieves 20% 
higher 
effectiveness 



Summary for cholera vaccines: 
What models and data can do 

• Our results indicate that maintaining 50% vaccine 
coverage in the population is required to stop cholera 
transmission.  

• Vaccination campaigns every three years may be easier to 
implement, but large cholera outbreaks can occur due to 
protection waning and adding new susceptible individuals 
to the population between campaign.  

• Vaccinating young children, ages 1-4 years, requires the 
fewest number of vaccinations per case averted compared 
to vaccinating all children (1-14 years) or the general 
population (ages 1 year and older) but may not be enough 
to interrupt the circulation of cholera. 
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