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Methods 9 

Formula for required vaccine coverage 10 

 11 

We defined the required coverage for herd immunity, C, as follows: 12 

 13 

C = [(1 - 1/R0) - p]/[(1-p) * Ve], 14 

 15 

where R0 is for SARS-CoV-2, p is the proportional reduction in transmission (due to previous 16 

infection), and Ve  is the vaccine effectiveness. If R0 is calculated using an age-structured 17 

next generation matrix and vaccination scales susceptibility across this matrix, the herd 18 

immunity threshold will still be 1–1/R0. 19 

 20 

Source of vaccine effectiveness estimates 21 

 22 

We obtained published estimates for the average and 95% upper and lower confidence 23 

intervals for vaccine effectiveness against measles1, mumps1, rubella1, varicella1, SARS-24 

CoV-22, influenza A/H1N1 (post-2009), A/H3N2, and B3. For SARS-CoV-2, we used data 25 

from a study estimating vaccine effectiveness in reducing infection among antibody negative 26 

healthcare workers who received two doses of BNT162b24 (effectiveness was estimated at 27 

86% (95% CI: 76-97%). This compares with an estimate of 83% (76-87%) lower risk of 28 

reinfection among healthcare workers following prior infection5. A recent analysis of UK 29 

community infection data6 also estimated a 64% (95% CI: 55–70%) reduction in risk of 30 

infection following one dose of ChAdOx1 nCoV-19, and a 45% (33–54%) reduction in risk of 31 

transmission if infected after ChAdOx1 nCoV-19 vaccination7, which would imply a potential 32 

reduction in transmission of around 70–85% post-vaccination, because P(transmit | 33 

exposed) = P(transmit | infected) x P(infected | exposed). In order to reflect uncertainty in 34 

estimates, we generated a set of Monte Carlo samples for each pathogen by fitting the 35 

average and upper/lower confidence intervals to a beta distribution and sampling 1,000 36 

values. 37 

 38 

Source of pathogen R0 estimates 39 

 40 

For mumps, rubella, and varicella, we obtained a set of 1,000 samples by bootstrapping a 41 

set of pre-vaccination R0 estimates from various regions 8,9. For measles, SARS-CoV-2 42 

variants, and influenza subtypes, we obtained estimates of the average, upper confidence 43 

interval and lower confidence interval for each to a lognormal distribution in order to sample 44 



1,000 values 10–13. We assumed that transmissibility of SARS-CoV-2 B.1.1.7 was 67% higher 45 

than for pre-B.1.1.7 variants11. 46 

 47 

Source of age distribution data 48 

 49 

Data on the country-specific proportion of the total population aged 0–14 years, and the 50 

income bracket of each country in 2020, was taken from The World Bank14.  51 

 52 

Source of sero-prevalence estimates 53 

 54 

Seroprevalence studies were obtained from SeroTracker, a dashboard that synthesises 55 

findings from hundreds of global SARS-CoV-2 serological studies15. We aimed to estimate 56 

the seroprevalence in the general population for each study region. Therefore, in an attempt 57 

to reduce selection bias, we only considered prospective households/community studies. 58 

Each seroprevalence study provides information on study site country, sample size, 59 

geographical scope (national, region, local), and the time frame in which samples were 60 

collected. If multiple studies exist for a country within a geographical scope, we consider only 61 

the most recent estimate.   62 



Supplementary Tables 63 

 64 

Pathogen Vaccine effectiveness 
(%, mean, 95% CI) 

Basic reproduction number 
(mean, 95% CI) 

Measles 96 (72–99) 12.0 (6.0–18.0) 

Mumps 86 (65–92) 4.2 (3.6–4.5) 

Rubella 89 (58–97) 4.7 (3.4–7.8) 

Varicella 95 (92–97) 6.5 (3.3–16.9) 

SARS-CoV-2 (pre-B.1.1.7) 86 (76–97) 2.7 (1.5–3.8) 

SARS-CoV-2 (B.1.1.7) 86 (76–97) 4.5 (2.5–6.4) 

Influenza A/H1N1 (post-

2009) 

61 (57–65) 1.4 (1.2–2.0) 

Influenza A/H3N2 33 (22–43) 2.1 (1.6–2.5) 

Influenza B 54 (46–61) 2.1 (1.6–2.5) 

 65 

Supplementary Table 1: Assumed values of vaccine effectiveness and basic reproduction 66 

number for different pathogens, based on empirical estimates. 67 
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Supplementary Figures75 

 76 
Figure S1. Vaccination coverage required to reach herd immunity for pre-B.1.1.7-like (A and 77 

C) and B.1.1.7-like (B and D) transmission and different levels of vaccine effectiveness 78 

assuming (in A and B) a reduction of 25% in vaccine effectiveness due to waning immunity, 79 

and (in C and D) a reduction of 50% of vaccine effectiveness due to warning immunity 80 

compared to vaccine effectiveness assumptions in Figure 1b and 1c.  81 
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