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Vaccine effectiveness

• Generally estimated as one minus some measure of relative risk, RR, in the 
vaccinated group compared to the unvaccinated:

VE = 1-
𝑅𝑖𝑠𝑘 𝑣𝑎𝑐𝑐𝑖𝑛𝑎𝑡𝑒𝑑

𝑅𝑖𝑠𝑘 𝑢𝑛𝑣𝑎𝑐𝑐𝑖𝑛𝑎𝑡𝑒𝑑
= 1 - RR 

• The groups being compared could be composed of individuals or of populations or 
communities
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Design and analysis of observational studies for estimating 
vaccine effectiveness go back to the early 1900’s

Summarized in: 
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M Greenwood and UG Yule. Proc R Soc Med, 8 (part 2):113–194, 1915
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Major Greenwood

1880 –1949

G. Udny Yule

1871 – 1951



Conditions necessary for valid inference

1. “The persons must be, in all material respects, alike.”

2. “The effective exposure to the disease must be identical in the case of inoculated and 
uninoculated persons.”

3. “The criteria of the fact of inoculation and of the fact of the disease having occurred 
must be independent.”
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Examples of estimates they made 7

𝑉𝐸 = 1 −
56

10378
272

8936

= 1-
0.0054

0.0304
= 0.82



Further estimates of VE for smallpox deaths 8

VE = 0.87, p < 0.0001
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P Kendrick and G Eldering. Am J Hyg, Sect B, 38:133 - 153, 1939.
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Pearl Kendrick

1890 –1980

Grace Eldering

1900 –1988



The importance of conditioning on types of exposure 11

VESAR = 1 -
29

83
143

160

= 1 -
0.349

0.894
= 0.61, 𝑝 < 0.0001



1954:  Salk killed poliomyelitis field study in the US in 
1,829,916 children nationwide
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T Francis, RF Korns, RB Voights, M Boisen, FM Hemphill, JA Napier, and

E Tolchinsky. An evaluation of the 1954 poliomyelitis vaccine trials. Am J Pub

Health, 45:1 – 63, 1955.
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KA Brownlee. J Am Stat Assoc, 50:1005–1013, 1955.
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Thomas Francis, Jr.

1900 - 1969

Kenneth A Brownlee

1918 - 1990 
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An Observed Control Study

• Original design plan: “Observed Control Study”

• Vaccinate children in the second grade.

• Controls were first and third graders would not be vaccinated, but observed

• Biases

• Not blinded

• Age differences

• Study was changed in mid stream

• Children of the first, second, and third grades would be combined. 

• One half would receive vaccine

• The other matching half, serving as strict controls, would receive a solution of 
similar appearance.

• Fewer than half the children were in the second study
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Study results

• VE = 62 percent efficacy (lower 5% confidence limit 51) against paralytic polio in the Observed 
Study Areas

• VE = 72 percent efficacy (lower 5% confidence limit 61) against paralytic polio in the Placebo 
Study Areas 

• Quotes from Brownlee
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What we learned from the past

• For vaccine trials, randomization is critical to estimate vaccine efficacy

• For vaccine observational studies there are many factors that need to be dealt with to 
yield valid and reliable results

• The unvaccinated comparator group must be selected in a way so that exposure to 
infection and disease reporting are comparable to those for vaccinated people

• Given, that the above condition cannot be guaranteed, we may need to adjust for 
potential confounders and other biases for vaccination and disease outcome

• Age

• Prior immunity

• Health-care seeking behavior

• Others

• We will deal with all this in this consultation
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Thank you 
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