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Supplemental Appendix 1. Baseline risk and number needed to be 

vaccinated with vaccines showing different relative risk reductions 

  

The table and figure below depict how number needed to be vaccinated (NNV) 

differs, considering baseline risks and vaccines with differing relative risk 

reductions (RRR). For population subgroups with high baseline risks, NNV for 

each vaccine is smaller (reflecting larger absolute risk reduction, ARR) than for 

subgroups with low baseline risks. For any given baseline risk, when the RRR 

for a vaccine is lower, the NNV is higher. As the baseline risk approaches zero, 

the ARR also approaches zero, and the ARR’s reciprocal, the NNV, becomes 

very large. This relationship helps clarify that vaccine distribution policies should 

consider prioritizing population subgroups with high baseline risks.  
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Table   Baseline risk and number needed to be vaccinated, with vaccines showing 

different relative risk reductions 

 

Baseline Risk NNV for RRR=100% NNV for  

RRR=50% 

NNV for  

RRR=30% 

0.05% 2,000 4,000 6,667 

0.10% 1,000 2,000 3,333 

0.20% 500 1,000 1,667 

0.30% 333 667 1,111 

0.40% 250 500 833 

0.50% 200 400 667 

0.60% 167 333 556 

0.70% 143 256 417 

0.80% 125 250 417 

0.90% 111 222 370 

1.00% 100 200 333 

2.00% 50 100 167 
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Supplemental Appendix 2. How to explain these findings (September 2022) 

We developed brief explanations for possible use in informed consent 

procedures, educational efforts with the public, continuing medical and public 

health education, and advice to policy makers. 

Patients and the public 

 The available vaccines show a relative risk reduction (RRR) of about 95 

percent for the early forms of the virus and about 66 percent against the Delta 

variant. This information means that, if you get vaccinated with a vaccine 

showing the highest RRR, your risk of getting COVID-19 symptoms is about 5 

percent of the risk for a person not getting the vaccine. The RRR in population-

based studies has been somewhat lower than that but still very impressive. For 

the Delta variant, the RRR fell to about 66 percent, indicating that your risk of 

getting COVID-19 symptoms would be about 34 percent of the risk for someone 

not getting the vaccine. The RRR for the Omicron and later variants may be 

different. 

 In making your decision, you also can consider some other important 

findings:  

 The absolute risk of getting sick from COVID-19 depends on the baseline 

risk of COVID-19 infections in your population group. For instance, some people 

live or work in areas with high rates of infection. If you are in a group with a high 

rate of infection, the absolute risk reduction (ARR) from getting the vaccine is 

greater than if you are in a group with a low rate of infection. 
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 From the studies so far, the likelihood of major harm from the vaccines is 

real but small, usually less than 1 percent. If you are in a group with a higher 

baseline risk of COVID-19 infection, the benefit of the vaccine compared to the 

possible harm is larger than if you are in a group with a lower baseline risk. 

 Some experts recommend the vaccine for everybody, partly based on the 

expected reduction of transmission and improved likelihood of herd immunity 

(which is when a very large part of a population develops immunity through 

previous infection or vaccination). That recommendation is reasonable. But we 

still don’t know exactly how much these vaccines reduce transmission, and herd 

immunity has not yet developed. We also still don't fully understand the harms of 

the vaccines. Until we do know, we believe that individuals’ decision making 

about vaccines can consider how much a vaccine will reduce their risk below the 

baseline risk of disease for their population group. 

 Although the rate of infection in the geographical area where you live and 

work partly determines your risk, other risks may be present regardless of 

geography. These other risks include advanced age, immunocompromised 

status (from diseases or medications that reduce immunity), comorbidities (other 

illnesses already present like lung disease, diabetes, and cardiovascular 

disease), and occupation (for instance, health-care workers, first responders, 

and workers in meat-processing plants). If you have one or more of these risk 

factors, we recommend that you get a vaccine regardless of your geographical 

location. 
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 You should not assume that receiving a vaccine removes the risk of 

getting COVID-19 or transmitting it to others. We still recommend that everybody 

continue to apply basic public health principles to their own and others' actions, 

especially about masks and maintaining adequate distancing to reduce risk of 

transmission. 

Health practitioners and policy makers 

 The most important message from our work is that the ARR from 

vaccines is largest in population groups living and working in geographical areas 

with high baseline risks, determined by rates of COVID-19 infection. This 

understanding should shape priorities about vaccinations, in both clinical 

practice and policy making. The inequalities in accessibility that have emerged 

worldwide mean that the vaccines will not reach large parts of the world’s 

population for the foreseeable future. Practitioners and policy makers must 

recognize that the benefits from the vaccines differ among different population 

groups. 

 Especially in countries and regions where financial resources are 

insufficient to obtain and to deliver vaccines equally to entire populations, these 

resources should target those population groups in geographical areas with high 

baseline risks, which means those with high prevalence rates. Clinicians and 

policy makers also should continue to prioritize groups whose risk is increased 

by age, immunocompromised status, comorbid conditions, and occupation (for 

instance, health care workers.) These principles can help address the 

overwhelming problem of unequal resources among wealthy and less wealthy 
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areas, both within and among countries. As more research findings become 

available over time about the relative benefits and harms of the vaccines, this 

information can guide subsequent decisions about the degree to which vaccines 

should be prioritised for population groups in geographical areas with lower 

baseline risks of disease. 
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Supplementary Table 3. Sensitivity analyses:  
Absolute risk reductions and numbers needed to be vaccinated in geographical regions with different baseline risks, population-based data 

Symptom development (25% rate) 

 
 

A. County, state, or 

territory 

B. Active cases 

per 100,000 

population* 

C. Calculated active 

symptomatic cases 

per 100,000 

(estimated at 25 per-

cent of cases) 

[B x 25%]** 

D. Calculated active 

symptomatic cases per 

100,000 (expressed as %) 

= baseline risk 

[C / 100,000] (%) 

E. Calculated risk of 

symptomatic disease after 

vaccine with 95% or 66% 

effectiveness (RRR 95% or 

66%) [D x 5% or 34%] 

(%)*** 

F. Absolute risk 

reduction (ARR) [D - E] 

(%) 

G. Number needed 

to be vaccinated 

(NNV) 

May 2021       

Los Angeles, CA 270.43 67.61 0.07% 0.00% 0.07% (0.05%, 0.08%) 1,563 (1,244, 

2,100) 

Hampshire, MA 251.00 62.75 0.06% 0.00% 0.06% (0.04%, 0.07%) 1,754 (1,378, 2,412 

Putnam, NY 164.00 41.00 0.04% 0.00% 0.04%  (0.03%, 0.05%) 2,632 (1,972, 

3,952) 

DeBaca, NM 1,124.74 281.19 0.28% 0.01% 0.27% (0.23%, 0.30%) 374 (333, 428) 

McKinley, NM 730.89 182.72 0.18% 0.01% 0.17% (0.15%, 0.20%) 578 (500, 685) 

Catron, NM 80.95 20.24 0.02% 0.00% 0.02% (0.10%, 0.03%) 5,263 (3,574, 

9,981) 

Ladakh territory, 

India 

6,250.00 1562.50 1.56% 0.08% 1.48% (1.41%, 1.56%) 67 (64, 71) 

Uttar Pradesh state, 

India 

833.00 208.25 0.21% 0.01% 0.20% (0.17%, 0.23%) 500 (436, 585) 

Kerala state, India 7,143.00 1785.75 1.79% 0.09% 1.70% (1.61%, 1.79%) 59 (56, 62) 
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September 2021       

Los Angeles, CA 472.00 118.00 0.12% 0.04% 0.08% 1,282 (974, 1874) 

Hampshire, MA 228.00 57.00 0.06% 0.02% 0.04%  (0.02%, 0.05%) 2,631 (1,815, 

4,781) 

Putnam, NY 171.00 42.75 0.04% 0.01% 0.03% (0.01%, 0.04%) 3,571 (2,330, 

7,648) 

DeBaca, NM 205.00 51.25 0.05% 0.02% 0.03% (0.02%, 0.05%) 3,030 (2,029, 

5,980) 

McKinley, NM 259.00 64.75 0.06% 0.02% 0.04%  (0.03%, 0.06%) 2,325 (1,632, 

4,045) 

Catron, NM 405.00 101.25 0.10% 0.03% 0.07% (0.04%, 0.09%) 1,493 (1,114, 

2,261) 

Ladakh territory, 

India 

28.00 7.00 0.01% 0.00% 0.01%, (-0.01%, 0.01%) 20,000 (9,191, -

113,669) 

Uttar Pradesh state, 

India 

14.00 3.50 0.00% 0.00% 0.00%, (-0.01%, 0.01%) 20,000 (9191, -

113669) 

Kerala state, India 1,204.00 301.00 0.30% 0.10% 0.20% (0.16%, 0.24%) 502 (419, 626) 
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Supplementary Table 3. Sensitivity analyses:  
Absolute risk reductions and numbers needed to be vaccinated in geographical regions with different baseline risks, population-based data 

Symptom development (80% rate) 

 

 

A. County, state, or 

territory 

B. Active cases 

per 100,000 

population* 

C. Calculated active 

symptomatic cases 

per 100,000 

(estimated at 80 per-

cent of cases) 

[B x 80%]** 

D. Calculated active 

symptomatic cases per 

100,000 (expressed as %) 

= baseline risk 

[C / 100,000] (%) 

E. Calculated risk of 

symptomatic disease after 

vaccine with 95% or 66% 

effectiveness (RRR 95% or 

66%) [D x 5% or 34%] 

(%)*** 

F. Absolute risk 

reduction (ARR) [D - E] 

(%) 

G. Number needed 

to be vaccinated 

(NNV) 

May 2021       

Los Angeles, CA 270.43 216.34 0.22% 0.01% 0.21% (0.18%, 0.24%) 487 (426, 570) 

Hampshire, MA 251.00 200.8 0.20% 0.01% 0.19% (0.16%, 0.22%) 524 (456, 615) 

Putnam, NY 164.00 131.2 0.13% 0.01% 0.12% (0.10%, 0.15%) 806 (680, 990) 

DeBaca, NM 1,124.74 899.79 0.90% 0.05% 0.85% (0.79%, 0.92%) 117 (109, 126) 

McKinley, NM 730.89 584.71 0.58% 0.03% 0.55% (0.51%, 0.61%) 179 (165, 197) 

Catron, NM 80.95 64.76 0.06% 0.00% 0.06% (0.05%, 0.08%) 1,612 (1,279, 

2,181) 

Ladakh territory, 

India 

6,250.00 5,000.00 5.00% 0.25% 4.75%, (4.54%, 5.00%) 21 (20, 22) 

Uttar Pradesh state, 

India 

833.00 666.40 0.67% 0.03% 0.64% (0.58%, 0.69%) 158 (146, 172) 

Kerala state, India 7,143.00 5,714.40 5.71% 0.29% 5.43% (5.26%, 5.56%) 18 (18,19) 
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95% confidence intervals shown in parentheses. Confidence intervals that include negative numbers or infinity indicate non-significant differences in harm between the 
intervention and control groups. Such intervals do not necessarily include the point estimates and reflect a range from beneficial to harmful effects of the intervention.28 

*Sources: Johns Hopkins dashboard, https://www.arcgis.com/apps/MapSeries/index.html?appid=ad46e587a9134fcdb43ff54c16f8c39b, and New York Times dashboard, 
https://www.nytimes.com/interactive/2020/world/asia/india-coronavirus-cases.html (accessed 23 May 2021 and 5 September 2021). 
** Sensitivity analyses assume 25% and 80% symptom development rates. Estimates of percentage of infections that become symptomatic based on published research 
and a published systematic review and meta-analysis.36-39 Further explanation in text. 
*** Reported effectiveness of the most effective vaccines (RRR) decreased from the range of 95 percent during May 2021 to the range of 66 percent during September 
2021, based mainly on the emergence of the Delta variant.57 

 
 
 
 
 
 

September 2021       

Los Angeles, CA 472.00 377.60 0.38% 0.13% 0.25% (0.20%, 0.29%) 401 (341, 487) 

Hampshire, MA 228.00 182.40 0.18% 0.06% 0.12%, (0.09%, 0.15%) 833 (664, 1,118) 

Putnam, NY 171.00 136.80 0.14% 0.05% 0.09% (0.06% 0.12% 1,111 (856, 1,572) 

DeBaca, NM 205.00 164.00 0.16% 0.06% 0.10% (0.08%, 0.14%) 925 (729, 1266) 

McKinley, NM 259.00 207.20 0.21% 0.07% 0.14%, (0.10%, 0.17%) 729 (590, 958) 

Catron, NM 405.00 324.00 0.32% 0.0011 0.21% (0.17%, 0.26%) 467 (392, 577) 

Ladakh territory, 

India 

28.00 22.40 0.02% 0.01% 0.01% (0.00%, 0.03%) 6,666 (3,913, 

22,491) 

Uttar Pradesh state, 

India 

14.00 11.20 0.01 0.00 0.01% (-0.00%, 0.02%) 14,286 (6,853, -

169,321) 

Kerala state, India 1,204 963.20 0.96% 0.33% 0.63% (0.57, 0.71%) 157 (141, 176) 
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Supplementary Table 4  Absolute risk reductions and numbers needed to be vaccinated in geographical regions with different baseline risks, population-based 

data 
Hospitalizations 

A. County or 
state 

B. Active cases 
per 100,000 pop-
ulation* 

C. Calculated 
hospitalisations per 
100,000 (estimated at 
2.10 percent of 
cases) 
[B x 2.10%]** 

D. Calculated 
hospitalisations per 
100,000 (expressed 
as %) = baseline risk 
[C / 100,000] 
(%) 

E. Calculated risk 
of hospitalisation 
after vaccine with 
95% or 66% 
effectiveness (RRR 
95% or 66%) 
[D x 5% or 34%] 
(%) 
 

F. Absolute risk 
reduction (ARR) 
[D - E] 
(%) 

G. Number needed to be 
vaccinated (NNV) 

May 2021       

Los Angeles, 
CA 

270.43 5.68 0.01% 0.00% 0.01%  
(0.00%, 0.02%)  

10000 (6146, 26815) 

Hampshire, 
MA 

251.00 5.27 0.01% 0.00% 0.01% 
(0.00%, 0.02%)  

  

10000 (6146, 26815) 

Putnam, NY 164.00 3.44 0.00% 0.00% 0.00% 
(0.00%, 0.00%)  

 

∞ 

DeBaca, NM 1124.74 23.62 0.02% 0.00% 0.02% 
(0.00%, 0.03%)  

5000 (3464, 8983) 

McKinley, NM 730.89 15.35 0.02% 0.00% 0.02% 
(0.00%, 0.03%)  

5000 (3464, 8983) 

Catron, NM 80.95 1.70 0.00% 0.00% 0.00% 
(0.00%, 0.00%) 

∞ 

Ladakh state, 
India 

6250.00 131.25 0.13% 0.01% 0.12% 
(00.10%, 00.14%)  

833 (697, 1036) 

Uttar Pradesh 
state, India 

833.00 17.49 0.02% 0.00% 0.02% 
(0.01%, 0.02%) 

5000 (3464, 8983) 

Kerala state, 
India 

7143.00 150.00 0.15% 0.01% 0.14% 
(0.12%, 0.17%) 

714 (606, 870) 
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September 2021       

Los Angeles, CA 472.00 9.91 0.01% 0.00% 0.01% 
(0.00%, 0.02%) 

10000 (6146, 26814)  

Hampshire, MA 228.00 4.79 0.00% 0.00% 0.00% 
(0.00%. 0.00%) 

∞ 

Putnam, NY 341.00 7.16 0.01% 0.00% 0.01% 
(0.00%, 0.02%) 

10000 (6146, 26814)  

DeBaca, NM 409.00 8.59 0.01% 0.00% 0.01% 
(0.00%, 0.02%) 

10000 (6146, 26814)  

McKinley, NM  517.00 10.86 0.01% 0.00% 0.01% 
(0.00%, 0.02%) 

10000 (6146, 26814)  

Catron, NM 405.00 8.51 0.01% 0.00% 0.01% 
(0.00%, 0.02%) 

10000 (6146, 26814)  

Ladakh state, In-
dia 

28.00 0.59 0.00% 0.00% 0.00% 
(0.00%. 0.00%) 

∞ 

Uttar Pradesh 
state, India 

14.00 0.29 0.00% 0.00% 0.00% 
(0.00%. 0.00%) 

∞ 

Kerala state, In-
dia 

1204.00 25.28 0.03 0.01 0.02% 
(0.01, 0.03) 

5000 (3073, 13405) 

 

 
95% confidence intervals shown in parentheses. Confidence intervals that include negative numbers or infinity indicate non-significant differences in harm between 
the intervention and control groups. Such intervals do not necessarily include the point estimates and reflect a range from beneficial to harmful effects of the 
intervention.28 

*Sources: Johns Hopkins dashboard, https://www.arcgis.com/apps/MapSeries/index.html?appid=ad46e587a9134fcdb43ff54c16f8c39b (accessed 5 September 
2021); New York Times dashboard, https://www.nytimes.com/interactive/2020/world/asia/india-coronavirus-cases.html (accessed 23 May 2021 and 5 September 
2021). 
** Estimate of percentage of infections that require hospitalisation (infection-hospitalisation rate, INR), based on the lower  limit of 2.10% in published research.40,41 

Further explanation in text. Table 4 in the text presents a sensitivity analysis assuming an INR based on the upper limit of 6.86% in published research. 
*** Reported effectiveness of the most effective vaccines (RRR) decreased from the range of 95 percent during May 2021 to the range of 66 percent during 
September 2021, based mainly on the emergence of the Delta variant.57 
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