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Abstract 

Objective To estimate the economic impact likely to be achieved by efforts to vaccinate 
against 10 vaccine-preventable diseases between 2001 and 2020 in 73 low- and middle-
income countries largely supported by Gavi, the Vaccine Alliance. 

Methods We used health impact models to estimate the economic impact of achieving 
forecasted coverages for vaccination against Haemophilus influenzae type b, hepatitis B, 
human papillomavirus, Japanese encephalitis, measles, Neisseria meningitidis serogroup A, 
rotavirus, rubella, Streptococcus pneumoniae and yellow fever. In comparison with no 
vaccination, we modelled the costs – expressed in 2010 United States dollars (US$) – of 
averted treatment, transportation costs, productivity losses of caregivers and productivity 
losses due to disability and death. We used the value-of-a-life-year method to estimate the 
broader economic and social value of living longer, in better health, as a result of 
immunization. 
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Findings We estimated that, in the 73 countries, vaccinations given between 2001 and 
2020 will avert over 20 million deaths and save US$ 350 billion in cost of illness. The deaths 
and disability prevented by vaccinations given during the two decades will result in estimated 
lifelong productivity gains totalling US$ 330 billion and US$ 9 billion, respectively. Over the 
lifetimes of the vaccinated cohorts, the same vaccinations will save an estimated US$ 5 billion 
in treatment costs. The broader economic and social value of these vaccinations is estimated 
at US$ 820 billion. 

Conclusion By preventing significant costs and potentially increasing economic 
productivity among some of the world’s poorest countries, the impact of immunization goes 
well beyond health. 

Introduction 

While vaccination is generally regarded to be one of the most cost–effective interventions in public 

health, the introduction and sustained use of any new vaccine needs to be supported by decision-makers 

who appreciate the full potential economic benefits that result.1–5 This paper focuses on the economic 

benefits of the vaccinations given, against 10 diseases, in 73 low- and middle-income countries 

supported by Gavi, the Vaccine Alliance, since Gavi’s establishment in 2001. 

In 2011, disease modelling experts were convened, by Gavi and the Bill & Melinda Gates 

Foundation, to estimate the global impact of immunization beyond the original Expanded Programme on 

Immunization – based on the latest forecasts of vaccine demand and estimates of disease burden. In 

2013, these experts developed health impact models to estimate the numbers of cases of illness, deaths 

and disability-adjusted life-years (DALYs) averted as the result of vaccination against 10 diseases in 73 

low- or middle-income countries.6,7 Recently, we built on the output from these models by estimating 

the corresponding economic impact. To reflect the full impact of vaccinations in low-and middle-income 

countries, we captured not only the traditional costs of illness – e.g. productivity losses averted and 

treatment costs saved – but also projected the long-term economic and social benefits of vaccinations.2 

Methods 

Cost of illness 

Since 2001, 73 countries with per-capita gross national incomes in 2003 of no more than 1000 United 

States dollars (US$) have received Gavi support. Our analysis was based on data for these 73 low- or 

middle-income countries (Box 1). We estimated the health and economic impact of vaccination against 

10 vaccine-preventable diseases: Haemophilus influenzae type b, hepatitis B, human papillomavirus, 

Japanese encephalitis, measles, Neisseria meningitidis serogroup A, rotavirus, rubella, Streptococcus 

pneumoniae and yellow fever. Table 1 presents the relevant health outcomes, permanent disabilities and 

vaccines that we included in our models. While all of our study vaccines are delivered via routine 
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immunization, supplementary immunization activities also occur for Japanese encephalitis, measles, 

N. meningitidis serogroup A, rubella and yellow fever. Our estimates of the numbers of deaths, cases 

and DALYs averted as the result of vaccination were developed from health impact models, as 

previously described.6,7 We used data on immunization coverages published by the World Health 

Organization (WHO) and United Nations Children’s Fund to estimate annual vaccine coverages for each 

study country for the period 2001–20128 and version 9 of Gavi’s strategic demand forecast to estimate 

the corresponding probable coverages for the period 2013–2020.9 

Using the cost of illness approach10 from a societal perspective, we estimated treatment costs and 

productivity losses averted by vaccination based on the estimated numbers of cases, deaths and 

disabilities averted.11 For each of the 10 diseases studied, we constructed decision tree models to capture 

both the short- and long-term averted costs of illness. These costs were broken down into five 

categories: (i) averted treatment costs; (ii) averted transportation costs for seeking care; (iii) averted 

reduction in caregivers’ economic output; (iv) averted loss of productivity due to premature death; and 

(v) averted loss of survivors’ productivity due to disability. All estimates of the averted cost of illness 

were discounted at 3% and are expressed in 2010 US$. We present separate results for the 20 years 

following Gavi’s establishment – i.e. 2001–2020 – and the current so-called Decade of Vaccines – i.e. 

2011–2020. 

In estimating the immunization-attributable averted costs of treatment, transportation and lost 

caregiver productivity, we used the country-specific estimated proportions of children for whom care 

was sought12 as well as data on the duration and rates of hospital admission.13–18 Country-specific costs 

of relevant inpatient and outpatient care at hospitals and health centres were primarily obtained from the 

WHO’s Choosing Interventions that are Cost–Effective (WHO-CHOICE) project.19 Costs of 

medications and diagnostics were estimated as proportions of facility costs. We assumed that each 

inpatient admission or outpatient visit was associated with a fixed transportation cost – i.e. a country-

specific estimated mean cost of a return trip to and from a health-care facility.20 We also assumed that 

caregivers of sick children lost half their daily productivity for an outpatient visit and a full day’s 

productivity for each day a child was hospitalized. In each study country, a caregiver’s daily 

productivity was assumed to equal the daily minimum wage.21 

Lost productivity resulting from convalescence and long-term disability was estimated for cases 

that could be averted by vaccination. To account for other causes of mortality that may impact the 

number of survivors entering the workforce, age-specific survival rates were applied to the non-fatal 

cases. The total number of productive years lost due to disability was estimated using the difference 
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between life expectancy and mean age at disability onset – incorporating relevant disability weights. 

Estimates of life expectancy were derived from data published by the United Nations’ Population 

Division22 and disability weights from the 2010 Global Burden of Disease study.23 For each study 

country, we estimated lost productivity resulting from disability and premature mortality by multiplying 

the number of productive life-years lost due to disability or premature death by the projected annual 

values for the per-capita gross domestic product.24 The values we give for total averted long-term 

productivity losses represent the projected economic outputs of children whose disability or death are – 

or will be – prevented through immunization. Children were assumed to begin their economically 

productive lives when they reached an age of 15 years. Further detail on the key inputs, assumptions and 

data sources used for our analysis is available from the corresponding author and elsewhere.7 

Economic and social value 

We used a second method to capture the broader economic and social value placed on living longer and 

healthier lives as a result of vaccination. For this, we applied a value-of-life approach that provides a 

societal perspective of the full benefits of reduced mortality. The estimated value of a life-year was 

based on data from two sources: (i) wage risk studies that use data on labour markets to examine the 

trade-off between wages and risk of mortality while employed; and (ii) stated preference studies in 

which individuals are asked how much they are willing to pay to avoid certain risks of death.25,26 Based 

on earlier work to estimate the annual per-capita value of an increase in life expectancy,27–30 we assumed 

that the value of a life-year saved in a particular country was 1.6 times that country’s annual per-capita 

gross domestic product. The economic and social value of vaccinations was estimated from the number 

of deaths averted due to vaccines, the difference between life expectancy and mean age of death from 

each study disease and the relevant per-capita gross domestic product (GDP).31 

Traditional estimates of the value of a life-year have focused on estimating the full benefits of 

mortality reduction – with few studies examining the impact of corresponding reductions in 

morbidity.28,32 To reflect the benefit of averting morbidity, we estimated the value of a year lived with 

disability. As in the estimation of years lived with disability and years of life lost – both used to 

calculate a DALY – disability weights were applied to estimate the impact of various disabling 

conditions on an individual’s value of life from the age of disease onset to expected age at death.22 

Disability weights varied from 0 – representing perfect health – to 1 – representing death. A similar 

approach was used in a previous estimation of the impact of disability on the value of a life-year.28 Our 

estimate of the value of a year lived with disability was used to estimate the full economic loss 

associated with permanent, long-term disability caused by any of the six study diseases that can have 
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permanent sequelae – i.e. H. influenzae type b, Japanese encephalitis, measles, N. meningitidis 

serogroup A, rubella and S. pneumoniae. 

Sensitivity analysis 

Multivariate Monte Carlo simulations, with 10 000 replications, were performed to assess the impact on 

cost estimates of uncertainty in the values of several key parameters: labour-force participation, per-

capita GDP, the numbers of cases and deaths averted, the multiplier – otherwise set at 1.6 – used in the 

estimation of the value of a life-year, transportation costs and WHO-CHOICE treatment costs. Cost 

values were sampled from  distributions to represent the right skew of observed costing data while non-

cost values were sampled from  distributions. Lower and upper ranges of distributions were derived 

from health impact models or published literature. Results from the sensitivity analysis were used to 

construct 90% uncertainty ranges around point estimates and generate a tornado diagram illustrating the 

degree to which individual parameters influenced the final results. The analysis was performed using 

version 6 of the @RISK software package (Palisade Corporation, Ithaca, United States of America). 

Results 

Cost of illness 

Table 2 presents estimates of the health and economic impact, for the period of 2001–2020 and the 

decade of 2011–2020, of averting 10 vaccine-preventable diseases in the 73 countries. According to our 

analyses, use of life-saving vaccines will avert an estimated 20 million deaths, 500 million cases of 

illness, 9 million cases of long-term disability and 960 million DALYs between 2001 and 2020. During 

the Decade of Vaccines, introduction and/or increased coverage of the modelled vaccines are projected 

to avert over 14 million deaths, 350 million cases of illness, 8 million cases of long-term disability and 

700 million DALYs. 

By 2020, immunizations since 2001 will have averted an estimated US$ 350 billion (uncertainty 

range: 260–460 billion) in total costs due to illness. Most of these costs – about US$ 250 billion 

(uncertainty range: 190–330 billion) – will have been averted since 2011, of which about US$ 240 

billion (uncertainty range: 180–320 billion) represents averted productivity loss caused by premature 

death. Between 2011 and 2020, US$ 4 billion (uncertainty range: 3–4 billion) in treatment costs, 

US$ 350 million (uncertainty range: 240–490 million) in transportation costs and US$ 730 million 

(uncertainty range: 650–790 million) in caregiver productivity losses could be averted. When we 

estimated the total cost of illness averted by vaccination against each of our study diseases, it appeared 

that greater costs could be averted, per vaccinated individual, through protection against H. influenzae 
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type b, S. pneumoniae, human papillomavirus and measles than protection against any of the other six 

study diseases (Table 3). 

Projected introductions of new vaccines and supplementary immunization activities account for 

US$ 170 billion – about 66% – of the estimated economic benefits of the Decade of Vaccines, with the 

remainder attributable to the scale-up in coverage of vaccines introduced before 2011. Supplementary 

immunization activities against measles represented the largest contributor to our estimates of the overall 

averted costs of illness – representing approximately US$ 130 billion (uncertainty range: 70–220 

billion), or about 37% of total averted costs, and US$ 76 billion (uncertainty range: 42–133 billion), or 

about 30% of total averted costs, for the periods 2001–2020 and 2011–2020, respectively. The second, 

third and fourth largest drivers of the cost of illness appeared to be H. influenzae type b, S. pneumoniae 

and hepatitis B, respectively. Fig. 1 shows the disease-specific costs of illness averted by vaccination, 

for the periods 2001–2020 and 2011–2020. Most of these averted costs were represented by the 

productivity saved as the result of reduced mortality. Of the 73 countries included in the analysis, the 

five with the largest birth cohorts – i.e. Bangladesh, India, Indonesia, Nigeria and Pakistan – together 

accounted for more than half of the estimated total cost of illness averted between 2011 and 2020 

(available from the corresponding author). In terms of the estimated total averted costs of illness per 

vaccinated individual (available from the corresponding author), the study countries in the African 

Region came highest, at US$ 71, followed by those in the South-East Asian (US$ 58), Western Pacific 

(US$ 56), Eastern Mediterranean (US$ 45) and European (US$ 33) Regions and then the Region of the 

Americas (US$ 20). 

Sensitivity analysis indicated that our estimates of the averted costs of illness were most sensitive 

to variation in estimates of the numbers of deaths averted by vaccination, particularly against diseases 

associated with a high disease burden and young age at onset – e.g. H. influenzae type b, measles, 

rotavirus and S. pneumoniae (available from the corresponding author). Cost parameters such as per-

capita GDP proved to be less influential. 

Economic and social value 

In terms of their overall broader economic and social impact, we estimated the vaccinations we 

investigated to be worth approximately US$ 820 billion (uncertainty range: 560–1200 billion) and 

US$ 600 billion (uncertainty range: 420–870 billion) over the periods 2001–2020 and 2011–2020, 

respectively. About 97% of each of these values was represented by the value of averted mortality. 

Averted morbidity contributed much less – about US$ 19 billion (uncertainty range: 16–22 billion) and 
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US$ 16 billion (uncertainty range: 14–19 billion) over the periods 2001–2020 and 2011–2020, 

respectively. Over half of the estimated economic and social value of vaccination in 2001–2020 is 

attributable to vaccinations against H. influenzae type b, hepatitis B and S. pneumoniae. Fig. 2 presents a 

year-on-year comparison of the estimated economic and social values, costs of illness averted and deaths 

averted between 2001 and 2020. The annual fluctuations shown are largely a result of supplementary 

immunization activities against measles, which are scheduled to peak every other year. 

Similar to our estimates of the averted costs of illness, our broader estimates of the economic and 

social value of vaccinations were most sensitive to variation in the estimated health impact of 

vaccinations against childhood illnesses with a high disease burden – e.g. H. influenzae type b, measles, 

rotavirus and S. pneumoniae. 

Discussion 

Between 2001 and 2020, according to our estimates, immunization against 10 vaccine-preventable 

diseases in 73 low- or middle-income countries will avert almost 20 million child deaths and save 

US$ 350 billion in costs of illness. More than two-thirds of these benefits are expected to accrue from 

new vaccine introductions and increases in immunization coverage during the Decade of Vaccines. 

Between 2001 and 2020 – just as a result of the vaccinations we investigated – each of our Gavi-

supported study countries could expect to avoid a mean of approximately US$ 5 million in treatment 

costs per year. 

Most of the economic benefits of the vaccines we investigated come – or are expected to come –

from the long-term gains associated with a more productive workforce. Our examination of the broader 

economic and social value of such vaccines, beyond labour productivity, illustrates the substantial gains 

associated with vaccination, with the value for all 73 study countries estimated to reach US$ 820 billion 

over the 20 years since Gavi was launched in 2001. Unlike the lower estimates of the averted costs of 

treatment, our estimates of the broader economic and social value of vaccines reflect the non-economic 

value that people place on living longer and healthier lives.25,33 Sensitivity analyses indicate that future 

economic analyses on this topic could be made stronger by the collection of additional empirical data on 

disease burden. 

Our main findings are similar to those of previous analyses of the health and economic impact of 

vaccinations. Using newer inputs for the health impact models developed in 2013,6 our estimates are 

based on updated data on immunization coverages and disease burden and a newer version of Gavi’s 

strategic demand forecast.7 We also excluded the impact of a routine first-dose of measles vaccination 
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and used a different model to estimate the health impact of yellow fever vaccination. Whenever several 

different estimates of health impact were available from multiple models – as was the case for 

H. influenzae type b, human papillomavirus, rotavirus and S. pneumoniae – we incorporated ranges for 

the impact in our sensitivity analyses. A previous estimate of the number of deaths expected to be 

averted between 2011 and 2020 in our study countries as the result of vaccinations against the same 10 

diseases – i.e. 13 million6 – is similar to our estimate, of 14 million, taking into account the various 

updates that we made across models. 

While the method we followed to estimate the averted costs of illness was similar to that used in 

previous analyses,34 our analyses included an extension, upgrading and/or improvement of the diseases 

covered, health impact inputs, vaccine demand forecasts and data sources. The method we followed to 

produce our broader estimates of the economic and social value of vaccinations improves on earlier 

research35 by using the annual per-capita value of an increase in life expectancy and also by capturing 

the value of life lived in disability. Our estimates of annual treatment costs for specific diseases are 

similar to those of previous related cost–effectiveness studies. For example, the annual treatment and 

societal costs averted due to introduction of rotavirus vaccine in low- and middle-income countries were 

estimated to total US$ 440 million36 – when expressed in 2010 US$ – compared with our corresponding 

estimate of US$ 690 million. 

Our analysis had several limitations. Because of a lack of relevant input data across countries and 

years, many health impact models are static, have limited country-level empirical data for some inputs 

and do not include long-term effects such as herd immunity. Given the current downward trend in child 

mortality and in the proportion of childhood deaths attributable to vaccine-preventable diseases, 

estimates of the projected, future, health and economic impact of vaccinations may be overestimates. 

Furthermore, work is currently underway to refine and improve health impact models by the inclusion of 

probabilistic uncertainty analysis and programmatic constraints such as delayed vaccination, partial 

dosing and relative coverage – i.e. the extent to which deaths may be clustered in unvaccinated groups. 

Our analysis did not include health-system contributions or any other costs of vaccination 

programmes.37 

Our results are likely to have been influenced by the underlying disease burden, the duration of 

time between vaccination and the vaccine-preventable disease, the size of the eligible birth cohorts, 

immunization coverage rates and the effectiveness of vaccination programmes. In general, vaccination 

programmes based on highly efficacious vaccines that are given in early childhood and target pathogens 

causing acute disease would be expected to have relatively high economic benefits. Vaccines 
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administered later in life that target chronic infections occurring at older ages – e.g. vaccines against 

human papillomavirus – would be expected to have less economic benefit. Data from the vaccination 

programmes of countries with large populations, high disease burdens and considerable economic output 

contributed disproportionately to our global estimates. We did not estimate treatment costs for long-term 

disability because there were no relevant data for many of our study countries. We also did not capture 

the impact made by the vaccines included in the original Expanded Programme on Immunization – e.g. 

the bacille Calmette–Guérin, diphtheria–tetanus–pertussis and polio vaccines and first doses of measles 

vaccine. In estimating the economic impact, we did not capture macroeconomic benefits – e.g. growth in 

gross domestic product – or the economic implications of demographic changes resulting from 

vaccination.38–40 In addition, empirical data on the value of a life-year are not available from 

interventions targeting children in low- and middle-income countries. 

Despite these limitations, our results should give global decision-makers some idea of the full 

economic and social benefits that could be gained by increasing investments in immunizations. They 

have already informed Gavi’s investment strategy for the period 2016–2020 and highlighted the need for 

better global-level estimates of the economic impact of vaccination.41 Unlike the conservative estimates 

used in Gavi’s strategy, which incorporated additional uncertainty in the base parameters, our results 

were based on available coverage estimates and model outputs. It seems clear that, in averting 

substantial costs and potentially increasing economic productivity among the world’s poorest countries, 

the impact of immunization goes well beyond health. 

Acknowledgements 

We thank Gavin Grant, Emilia Vynnycky, Susan Reef, Wenfeng Gong, Julie Buss Younkin, Diane 
Coraggio and Grace Morgan. AS is now an employee of the Center for Outcomes and Real-world 
Evidence, Merck & Co., Rahway, USA. 

Funding: 

This study was performed with financial support from the Bill & Melinda Gates Foundation.  

Competing interests: 

None declared. 

  



Publication: Bulletin of the World Health Organization; Type: Research 
Article ID: BLT.16.178475 

Page 10 of 18 

References 

1. Brenzel L, Wolfson L, Fox-Rushby JA, Miller MA, Halsey N. Chapter 20: Vaccine-
preventable diseases. In: Jamison DT, Breman JG, Measham AR, Alleyne G, Claeson 
M, Evans DB, et al., editors. Disease control priorities in developing countries. 2nd ed. 
Washington (DC): World Bank; 2006. pp. 389–411. Available from: 
http://www.ncbi.nlm.nih.gov/books/NBK11768/ [cited 2017 Jun 5].  

2. Ozawa S, Mirelman A, Stack ML, Walker DG, Levine OS. Cost-effectiveness and economic 
benefits of vaccines in low- and middle-income countries: a systematic review. Vaccine. 
2012 Dec 17;31(1):96–108. PMID:23142307 
http://dx.doi.org/10.1016/j.vaccine.2012.10.103  

3. Bärnighausen T, Bloom DE, Cafiero-Fonseca ET, O’Brien JC. Valuing vaccination. Proc Natl 
Acad Sci USA. 2014 Aug 26;111(34):12313–9. PMID:25136129 
http://dx.doi.org/10.1073/pnas.1400475111  

4. Bloom DE, Madhavan G. Vaccines: from valuation to resource allocation. Vaccine. 2015 Jun 
8;33 Suppl 2:B52–4. PMID:26022569 http://dx.doi.org/10.1016/j.vaccine.2015.02.071  

5. Ozawa S, Clark S, Portnoy A, Grewal S, Brenzel L, Walker DG. Return on investment from 
childhood immunization in low- and middle-income countries, 2011-20. Health Aff 
(Millwood). 2016 Feb;35(2):199–207. PMID:26858370 
http://dx.doi.org/10.1377/hlthaff.2015.1086  

6. Lee LA, Franzel L, Atwell J, Datta SD, Friberg IK, Goldie SJ, et al. The estimated mortality 
impact of vaccinations forecast to be administered during 2011-2020 in 73 countries 
supported by the GAVI Alliance. Vaccine. 2013 Apr 18;31 Suppl 2:B61–72. 
PMID:23598494 http://dx.doi.org/10.1016/j.vaccine.2012.11.035  

7. Ozawa S, Clark S, Portnoy A, Grewal S, Stack M, Sinha A, et al. Methodologies to estimate 
the health and economic impact of vaccination against 10 vaccine-preventable 
diseases. Baltimore: Johns Hopkins Bloomberg School of Public Health; 2016. 

8. WHO/UNICEF Estimates of National Immunization Coverage (WUENIC). Geneva: World 
Health Organization; 2016. Available from: 
http://www.who.int/immunization/monitoring_surveillance/data/en/ [cited 2016 May 27]. 

9. The 2016-2017 investment opportunity. Geneva: Gavi, the Vaccine Alliance; 2015. Available 
from: http://www.gavi.org/library/publications/publications-gavi/the-2016-2020-gavi-
alliance-investment-opportunity/ [cited 2016 May 27]. 

10. Hodgson TA. Costs of illness in cost-effectiveness analysis. A review of the methodology. 
Pharmacoeconomics. 1994 Dec;6(6):536–52. PMID:10155283 
http://dx.doi.org/10.2165/00019053-199406060-00007  

11. WHO guide to identifying the economic consequences of disease and injury. Geneva: 
World Health Organization; 2009. 

12. The state of the world's children 2013: children with disabilities. New York: United Nations 
Children’s Fund; 2013. Available from: 
https://www.unicef.org/sowc2013/files/SWCR2013_ENG_Lo_res_24_Apr_2013.pdf 
[cited 2017 Jun 5]. 

 



Publication: Bulletin of the World Health Organization; Type: Research 
Article ID: BLT.16.178475 

Page 11 of 18 

13. Bishai D, Johns B, Nair D, Nabyonga-Orem J, Fiona-Makmot B, Simons E, et al. The cost-
effectiveness of supplementary immunization activities for measles: a stochastic model 
for Uganda. J Infect Dis. 2011 Jul;204 Suppl 1:S107–15. PMID:21666151 
http://dx.doi.org/10.1093/infdis/jir131  

14. Kim SY, Lee G, Goldie SJ. Economic evaluation of pneumococcal conjugate vaccination in 
The Gambia. BMC Infect Dis. 2010 09 3;10(1):260. PMID:20815900 
http://dx.doi.org/10.1186/1471-2334-10-260  

15. Lee BY, Connor DL, Kitchen SB, Bacon KM, Shah M, Brown ST, et al. Economic value of 
dengue vaccine in Thailand. Am J Trop Med Hyg. 2011 May;84(5):764–72. 
PMID:21540387 http://dx.doi.org/10.4269/ajtmh.2011.10-0624  

16. Parashar UD, Hummelman EG, Bresee JS, Miller MA, Glass RI. Global illness and deaths 
caused by rotavirus disease in children. Emerg Infect Dis. 2003 May;9(5):565–72. 
PMID:12737740 http://dx.doi.org/10.3201/eid0905.020562  

17. Rudan I, Tomaskovic L, Boschi-Pinto C, Campbell H; WHO Child Health Epidemiology 
Reference Group. Global estimate of the incidence of clinical pneumonia among 
children under five years of age. Bull World Health Organ. 2004 Dec;82(12):895–903. 
PMID:15654403 

18. Sinha A, Constenla D, Valencia JE, O’Loughlin R, Gomez E, de la Hoz F, et al. Cost-
effectiveness of pneumococcal conjugate vaccination in Latin America and the 
Caribbean: a regional analysis. Rev Panam Salud Publica. 2008 Nov;24(5):304–13. 
PMID:19141172 http://dx.doi.org/10.1590/S1020-49892008001100002  

19. Cost effectiveness and strategic planning (WHO-CHOICE) [Internet]. Geneva: World 
Health Organization; 2008. Available from: http://www.who.int/choice/costs/en/ [cited 
2016 May 27]. 

20. Kim SY, Sweet S, Slichter D, Goldie SJ. Health and economic impact of rotavirus 
vaccination in GAVI-eligible countries. BMC Public Health. 2010 05 14;10(1):253. 
PMID:20470426 http://dx.doi.org/10.1186/1471-2458-10-253  

21. Country reports on human rights practices for 2012 [Internet]. Washington (DC): United 
States Department of State; 2012. Available from: 
http://www.state.gov/j/drl/rls/hrrpt/humanrightsreport/index.htm [cited 2014 Jan 6]. 

22. Salomon JA, Vos T, Hogan DR, Gagnon M, Naghavi M, Mokdad A, et al. Common values 
in assessing health outcomes from disease and injury: disability weights measurement 
study for the Global Burden of Disease Study 2010. Lancet. 2012 Dec 
15;380(9859):2129–43. PMID:23245605 http://dx.doi.org/10.1016/S0140-
6736(12)61680-8  

23. The world population prospects: 2012 revision: life expectancy at exact age - both sexes 
[Internet]. New York: United Nations; 2012. Available from: 
https://esa.un.org/unpd/wpp/publications/Files/WPP2012_HIGHLIGHTS.pdf [cited 2014 
Jan 6]. 

24. Download entire World Economic Outlook database [Internet]. Washington (DC): 
International Monetary Fund; 2013. Available from: 
http://www.imf.org/external/pubs/ft/weo/2013/01/weodata/download.aspx [cited 2014 
Jan 6]. 



Publication: Bulletin of the World Health Organization; Type: Research 
Article ID: BLT.16.178475 

Page 12 of 18 

25. Alberini A. What is a life worth? Robustness of VSL values from contingent valuation 
surveys. Risk Anal. 2005 Aug;25(4):783–800. PMID:16268929 
http://dx.doi.org/10.1111/j.1539-6924.2005.00646.x  

26. Klose T. The contingent valuation method in health care. Health Policy. 1999 
May;47(2):97–123. PMID:10538292 http://dx.doi.org/10.1016/S0168-8510(99)00010-X  

27. Jamison DT, Summers LH, Alleyne G, Arrow KJ, Berkley S, Binagwaho A, et al. Global 
health 2035: a world converging within a generation. Lancet. 2013 Dec 
7;382(9908):1898–955. PMID:24309475 http://dx.doi.org/10.1016/S0140-
6736(13)62105-4  

28. Stenberg K, Axelson H, Sheehan P, Anderson I, Gülmezoglu AM, Temmerman M, et al.; 
Study Group for the Global Investment Framework for Women’s Children’s Health. 
Advancing social and economic development by investing in women’s and children’s 
health: a new Global Investment Framework. Lancet. 2014 Apr 12;383(9925):1333–54. 
PMID:24263249 http://dx.doi.org/10.1016/S0140-6736(13)62231-X  

29. Viscusi WK, Aldy JE. The value of a statistical life: a critical review of market estimates 
throughout the world. J Risk Uncertain. 2003;27(1):5–76. 
http://dx.doi.org/10.1023/A:1025598106257  

30. Cropper M, Hammitt JK, Robinson L. Valuing mortality risk reductions: progress and 
challenges. Annu Rev Resour Economics. 2011;3(1):313–36. 
http://dx.doi.org/10.1146/annurev.resource.012809.103949  

31. Hammitt JK, Robinson LA. The income elasticity of the value per statistical life: transferring 
estimates between high and low income populations. J Benefit Cost Anal. 2011;2(1). 
http://dx.doi.org/10.2202/2152-2812.1009 

32. Pearce D. Valuing risks to life and health: towards consistent transfer estimates in the 
European Union and Accession States. Brussels: European Commission; 2000. 
Available from: 
http://ec.europa.eu/environment/enveco/others/pdf/david_pearce_paper.pdf [cited 2017 
Jun 5]. 

33. Ashenfelter O. Measuring the value of a statistical life: problems and prospects. 
Cambridge: National Bureau of Economic Research; 2006. 
http://dx.doi.org/10.3386/w11916  

34. Stack ML, Ozawa S, Bishai DM, Mirelman A, Tam Y, Niessen L, et al. Estimated economic 
benefits during the ‘decade of vaccines’ include treatment savings, gains in labor 
productivity. Health Aff (Millwood). 2011 Jun;30(6):1021–8. PMID:21653952 
http://dx.doi.org/10.1377/hlthaff.2011.0382  

35. Ozawa S, Stack ML, Bishai DM, Mirelman A, Friberg IK, Niessen L, et al. During the 
‘decade of vaccines,’ the lives of 6.4 million children valued at $231 billion could be 
saved. Health Aff (Millwood). 2011 Jun;30(6):1010–20. PMID:21653951 
http://dx.doi.org/10.1377/hlthaff.2011.0381  

36. Rheingans RD, Antil L, Dreibelbis R, Podewils LJ, Bresee JS, Parashar UD. Economic 
costs of rotavirus gastroenteritis and cost-effectiveness of vaccination in developing 
countries. J Infect Dis. 2009 Nov 1;200(s1) Suppl 1:S16–27. PMID:19817595 
http://dx.doi.org/10.1086/605026  



Publication: Bulletin of the World Health Organization; Type: Research 
Article ID: BLT.16.178475 

Page 13 of 18 

37. Portnoy A, Ozawa S, Grewal S, Norman BA, Rajgopal J, Gorham KM, et al. Costs of 
vaccine programs across 94 low- and middle-income countries. Vaccine. 2015 May 7;33 
Suppl 1:A99–108. PMID:25919184 http://dx.doi.org/10.1016/j.vaccine.2014.12.037  

38. Bärnighausen T, Berkley S, Bhutta ZA, Bishai DM, Black MM, Bloom DE, et al. 
Reassessing the value of vaccines. Lancet Glob Health. 2014 May;2(5):e251–2. 
PMID:25103158 http://dx.doi.org/10.1016/S2214-109X(13)70170-0  

39. Jit M, Hutubessy R, Png ME, Sundaram N, Audimulam J, Salim S, et al. The broader 
economic impact of vaccination: reviewing and appraising the strength of evidence. 
BMC Med. 2015 09 3;13(1):209. PMID:26335923 http://dx.doi.org/10.1186/s12916-015-
0446-9  

40. Schwartz JL, Mahmoud A. When not all that counts can be counted: economic evaluations 
and the value of vaccination. Health Aff (Millwood). 2016 Feb;35(2):208–11. 
PMID:26858371 http://dx.doi.org/10.1377/hlthaff.2015.1438  

41. Ozawa S, Grewal S, Portnoy A, Sinha A, Arilotta R, Stack ML, et al. Funding gap for 
immunization across 94 low- and middle-income countries. Vaccine. 2016 Dec 
7;34(50):6408–16. PMID:28029541 http://dx.doi.org/10.1016/j.vaccine.2016.09.036  

 

 

Box 1. Countries included in the analysis on the estimated economic impact of 
vaccinations, 2001–2020 

Afghanistan, Angola, Armenia, Azerbaijan, Bangladesh, Benin, Bhutan, Bolivia (Plurinational 
State of), Burkina Faso, Burundi, Cambodia, Cameroon, Central African Republic, Chad, 
Comoros, Congo, Côte d'Ivoire, Cuba, Democratic People's Republic of Korea, Democratic 
Republic of the Congo, Djibouti, Eritrea, Ethiopia, Gambia, Georgia, Ghana, Guinea, Guinea-
Bissau, Guyana, Haiti, Honduras, India, Indonesia, Kenya, Kiribati, Kyrgyzstan, Lao People's 
Democratic Republic, Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania, Mongolia, 
Mozambique, Myanmar, Nepal, Nicaragua, Niger, Nigeria, Pakistan, Papua New Guinea, 
Republic of Moldova, Rwanda, Sao Tome and Principe, Senegal, Sierra Leone, Solomon 
Islands, Somalia, South Sudan, Sri Lanka, Sudan, Tajikistan, Timor-Leste, Togo, Uganda, 
Ukraine, United Republic of Tanzania, Uzbekistan, Viet Nam, Yemen, Zambia and Zimbabwe. 
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Table 1. Characteristics of the 10 vaccine-preventable diseases and associated vaccines 
included in the analysis 
Antigen Vaccines Related health 

outcomes 
Possible disability 

Haemophilus 
influenzae type 
b 

Pentavalent Meningitis and pneumonia Deafness, cognitive 
impairment, motor 
impairment and seizure 
disorder 

Hepatitis B Monovalent, 
tetravalent (DTP–
HepB) or 
pentavalent (DTP–
HepB–Hib) 

Acute/fulminant infection, 
chronic infection, 
hepatocellular carcinoma, 
compensated and 
decompensated cirrhosis 

None 

Human 
papillomavirus 

Recombinant 
quadrivalent or 
bivalent 

Cervical cancer None 

Japanese 
encephalitis 

Live attenuated Japanese encephalitis Neurological 
sequelae/cognitive 
impairment 

Measlesa Live attenuated 
(measles or 
measles–rubella) 

Measles Central nervous system 
sequelae 

Neisseria 
meningitidis 
serogroup A 

Conjugate Meningitis Deafness, vision 
impairment, motor 
impairment and seizure 
disorder 

Rotavirus Attenuated oral 
rotavirus (RV1 or 
RV5) 

Severe and non-severe 
diarrhoea 

None 

Rubella Live attenuated 
(rubella or 
measles–rubella) 

Congenital rubella 
syndrome 

Hearing loss, vision loss, 
cardiac abnormalities and 
central nervous system 
complications 

Streptococcus 
pneumoniae 

Conjugate (PCV10 
or PCV13) 

Meningitis and pneumonia Deafness, cognitive 
impairment, motor 
impairment and seizure 
disorder 

Yellow fever Live attenuated 
(17D) 

Yellow fever disease None 

DTP: diphtheria–tetanus–pertussis; HepB: hepatitis B; Hib: Haemophilus influenzae type b; PCV10: 10-valent 
pneumococcal conjugate vaccine; PCV13: 13-valent pneumococcal conjugate vaccine; RV1: Rotarix®; RV5: 
RotaTeq®. 

a
 For our analysis, we only captured the benefits of second doses of measles vaccine and measles-related 

supplementary immunization activities. We did not estimate the impact of the first doses as they formed a 
standard component of national immunization programmes. 
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Table 2. Estimated economic and health benefits of vaccinations against 10 diseases, 73 Gavi-supported low- and 
middle-income countries, 2001–2020 and 2011–2020 

Period, 
antigen 

Mortality and morbidity averted
a

DALYs 
averted 
(million

s)
a
 

Averted costs of illness
b

Value of 
life-year 

of 
disability 
averted 
(billions 
of US$)

b
 

Economi
c and 
social 
value 

(billions 
of US$)

b
 

Deaths 
(thousand

s) 

Cases 
(millions) 

Long-term 
disability 

(thousands)
c
 

Acute disease 
hospitalizations 

(millions) 

Treatment 
costs 

(millions of 
US$) 

Transport 
costs 

(millions of 
US$) 

Lost 
caregiver 

wages 
(millions 
of US$) 

Productivit
y loss due 

to disability 
(billions of 

US$)
c
 

Productivit
y loss due 
to death 

(billions of 
US$) 

Total 
(billions 
of US$) 

2001–2020              

HepB 7 200.0 120.0 N/A 0.5 210.0 1 148.8 134.4 25.2 1.3 46.9 49.5 N/A 81.3 

Hib 2 700.0 83.0 4 900.0 25.0 180.0 1 815.8 94.6 399.9 2.5 58.9 63.7 7.4 180.1 

HPV 850.0 1.1 N/A 1.1 16.0 6.0 0.9 N/A 0.9 3.2 4.0 NA 5.0 

JE 59.0 0.3 67.0 0.2 8.4 33.5 0.2 1.6 0.4 2.1 2.5 0.6 4.2 

Measles 5 100.0  210.0 350.0 21.0 310.0 361.7 168.6 223.7 1.4 139.8 142.0 3.6 349.4 

NmA 470.0 3.1 380.0 1.4 23.0 39.8 1.2 0.2 0.7 7.8 8.6 1.1 13.7 

Rotavirus 390.0 21.0 N/A 0.7 25.0 45.0 17.6 22.8 N/A 8.7 8.8 N/A 25.8 

Rubella 280.0 0.9 270.0 0.5 26.0 19.0 1.3 16.0 0.6 4.5 5.1 1.5 14.2 

Sp 1 700.0 51.0 3 200.0 14.0 110.0 773.9 51.3 197.2 1.5 31.0 33.5 4.3 96.2 

YF 1 600.0 7.8 N/A 5.3 57.0 336.7 20.6 N/A 0.2 28.9 29.4 N/A 46.2 

Total 20 000.0 500.0 9 200.0 70.0 960.0 4 580.2 490.8 886.4 9.4 331.8 347.1 18.6 816.1 

2011–2020              

HepB 4 700.0 80.0 N/A 0.3 140.0 719.2 87.0 16.1 0.8 28.8 30.4 N/A 50.1 

Hib 2 200.0 72.0 4 300.0 22.0 150.0 1 542.0 82.7 347.5 2.2 49.4 53.6 6.4 150.9 

HPV 850.0 1.1 NA 1.1 16.0 6.0 1.2 NA 0.9 3.2 4.0 N/A 5.0 

JE 38.0 0.2 44.0 0.1 6.9 21.3 0.2 1.5 0.2 1.3 1.5 0.4 2.7 

Measles 2 900.0 120.0 200.0 13.0 180.0 223.1 96.7 131.2 0.9 87.1 88.4 2.2 218.2 

NmA 440.0 3.0 350.0 1.3 21.0 38.4 1.2 0.2 0.7 7.5 8.3 1.1 13.1 

Rotavirus 390.0 21.0 N/A 0.7 25.0 44.7 17.5 22.6 N/A 8.7 8.8 N/A 25.7 

Rubella 260.0 0.9 250.0 0.5 24.0 15.0 1.2 13.0 0.5 4.0 4.5 1.4 12.5 

Sp 1 700.0 51.0 3 200.0 14.0 110.0 772.8 51.2 196.8 1.5 30.9 33.4 4.3 95.9 

YF 940.0 4.7 N/A 3.2 34.0 210.6 13.2 N/A 0.1 18.2 18.5 N/A 29.2 

Total 14 000.0 350.0 8 300.0 56.0 700.0 3 593.1 352.1 728.8 7.7 239.0 251.4 15.8 603.4 

DALY: disability-adjusted life-year; HepB: hepatitis B; Hib: Haemophilus influenzae type b; HPV: human papillomavirus; JE: Japanese encephalitis; N/A: not 
applicable; NmA: Neisseria meningitidis serogroup A; Sp: Streptococcus pneumoniae; US$: United States dollars; YF: yellow fever. 

a
 Estimates rounded to two significant figures. 

b
 Expressed in 2010 values. 

c
 Includes lifelong disabilities following childhood infection with Hib, JE, measles, NmA, rubella or Sp (Table 1). 
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Table 3. Costs of illness averted as the result of vaccinations against 10 diseases, 73 
Gavi-supported low- and middle-income countries, 2001–2020 

 
Antigen Averted costs of illness (2010 US$) 

Per vaccinated 
individuala 

Per care-seeking case 
avertedb 

Per death avertedc

HepB 61 12 7 000 
Hib 105 48 22 000 
HPV 102 7 4 000 
JE 9 200 35 000 
Measles 85 7 27 000 
NmA 25 31 17 000 
Rotavirus 37 9 23 000 
Rubella 5 71 16 000 
Sp 122 38 19 000 
YF 72 10 19 000 

HepB: hepatitis B; Hib: Haemophilus influenzae type b; HPV: human papillomavirus; JE: Japanese encephalitis; 
NmA: Neisseria meningitidis serogroup A; Sp: Streptococcus pneumoniae; US$: United States dollars; YF: yellow 
fever. 

a
 The averted costs are both short-term – i.e. those incurred immediately at disease onset as the result of 

treatment, transportation or lost caregiver wages – and long-term – i.e. those associated with productivity lost, as 
a result of disease and/or disability, over the lifetime of the affected individual. This was calculated by dividing the 
total cost of illness by the number of individuals who received the recommended course of vaccine doses against 
that antigen. 

b
 These estimates are based only on averted short-term costs of illness. This estimates the averted cost of 

treatment, transportation and lost caretaker wages divided by the number of individuals with each vaccine-
preventable disease who likely sought health-care treatment. 

c
 These estimates are based on data from care-seeking cases who subsequently died and exclude individuals 

with productivity loss due to disability. 
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Fig. 1. Costs of illness averted as the result of vaccinations against 10 diseases, 73 
Gavi-supported low- and middle-income countries, 2001–2020 and 2011–2020 

 

 

 

 

 

HepB: hepatitis B; Hib: Haemophilus influenzae type b; HPV: human papillomavirus; JE: Japanese encephalitis; 
NmA: Neisseria meningitidis serogroup A; Sp: Streptococcus pneumoniae; US$: United States dollars; YF: yellow 
fever. 
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Fig. 2. Economic and social value gained, averted costs of illness and deaths averted 
annually, as the result of vaccinations against 10 diseases, 73 Gavi-supported low- and 
middle-income countries, 2001–2020 

 

 

 

 

 

US$: United States dollars. 
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