
Epidemiological Audit of Global 
Childhood Immunization Impact: 
Modeling Frameworks, Mortality 
Disaggregation, and Methodological 
Critiques of the 1974–2024 WHO/Lancet 
Estimates 
Methodology Overview: Mathematical Modeling and 
Counterfactual Frameworks 
Quantifying the global health impact of childhood immunization over a 50-year period presents 
significant demographic and methodological challenges. In low- and middle-income countries 
(LMICs), where the burden of vaccine-preventable diseases has historically been highest, civil 
registration and vital statistics (CRVS) systems are frequently incomplete or absent. 
Consequently, epidemiologists and demographic statisticians cannot rely on direct, 
cause-of-death tracking to measure lives saved. Instead, impact quantification relies on 
counterfactual scenario modeling, comparing observed historical outcomes against a 
hypothetical baseline in which no vaccination programs had been implemented. 
The definitive 2024 study led by the World Health Organization (WHO) and published in The 
Lancet by Shattock et al. evaluated the impact of the Expanded Programme on Immunization 
(EPI) from its inception in 1974 through 2024. To model outcomes across 14 
pathogens—diphtheria, Haemophilus influenzae type b (Hib), hepatitis B, Japanese 
encephalitis, measles, meningitis A, pertussis, invasive pneumococcal disease, poliomyelitis, 
rotavirus, rubella, tetanus, tuberculosis, and yellow fever—the study integrated a suite of 
mathematical and statistical modeling frameworks tailored to specific pathogen transmission 
dynamics and data availability. 
The mathematical architecture of the study relied on three primary modeling approaches: 

Dynamic Transmission Models 

Applied to highly transmissible pathogens, specifically measles and poliomyelitis. For measles, 
an ensemble of two established dynamic transmission models was employed to capture 
non-linear force-of-infection dynamics, direct vaccine protection, and indirect community 
protection (herd immunity) resulting from reduced viral circulation. For poliomyelitis, novel 
stochastic simulations were executed using existing dynamic transmission frameworks to 
account for oral polio vaccine (OPV) virus shedding, secondary immunization effects, and 
campaign-based supplementary immunization activities (SIAs). 



Vaccine Impact Modelling Consortium (VIMC) Models 

For eight pathogens (Hib, hepatitis B, Japanese encephalitis, invasive pneumococcal disease, 
rotavirus, rubella, meningitis A, and yellow fever), the authors extended transmission models 
developed by independent academic groups under the VIMC. These models initially generated 
estimates for 110 LMICs covering the period 2000–2024. To cover the full 50-year EPI period 
(1974–2024), researchers executed temporal extrapolation techniques combined with spatial 
and geographic imputation to project baseline disease burdens and vaccine impact back to 
1974. 

Upgraded Static Disease Burden Models 

For pathogens where transmission dynamics are less driven by population-level herd effects or 
where historical transmission data were insufficient (diphtheria, tetanus, pertussis, and 
tuberculosis), upgraded static models were utilized. These models integrated country-specific 
and age-specific baseline cause-attributable mortality and morbidity rates from the Global 
Burden of Disease (GBD 2021) study. Static models evaluated "effective vaccine coverage" by 
combining administrative and survey coverage data with vaccine efficacy profiles, taking into 
account primary series completion, booster doses, maternal immunization, waning immunity, 
and platform-specific efficacy (e.g., acellular versus whole-cell pertussis). 
To calculate net lives saved and health gains, the models evaluated the difference in 
age-specific mortality between the focal (observed historical vaccination) scenario and the 
counterfactual (zero historical vaccination) scenario for each birth cohort from 1974 to 2024. 
The difference in death counts was converted into secondary demographic metrics, including 
years of life saved (YLS) and years of full health gained. The latter metric incorporates 
disability-adjusted life years (DALYs) averted by modeling non-fatal acute illness and long-term 
morbidity (e.g., poliomyelitis-induced paralysis, post-measles blindness, congenital rubella 
syndrome, and chronic hepatitis B liver cirrhosis). 
YLS = \sum_{a=0}^{A} \Delta D_a \times e_a 
Where \Delta D_a represents deaths averted at age a, and e_a represents standard life 
expectancy at age a. 

Data Sources and Institutional Transparency 
The synthesis of 50 years of epidemiological data required harmonizing data from international 
health organizations, academic modeling consortiums, and national surveillance systems. 
Primary data gathered at the country level flows through national health registries and 
household coverage surveys to international repositories. These data inputs are subsequently 
combined with mortality baselines from the Global Burden of Disease study and parameter 
settings from the Vaccine Impact Modelling Consortium before undergoing multi-model 
synthesis to yield final impact figures. 

Primary Entities and Academic Collaborators 

The 2024 study was led by the World Health Organization in technical collaboration with 
independent academic institutions. Key modeling groups included the Vaccine Impact Modelling 
Consortium (hosted at Imperial College London), the London School of Hygiene & Tropical 



Medicine (LSHTM), the Swiss Tropical and Public Health Institute (Swiss TPH), the Institute for 
Health Metrics and Evaluation (IHME) at the University of Washington, and researchers from 
academic and public health bodies globally. The study underwent peer review before publication 
in The Lancet. 

Primary Empirical Data Sources 

The primary empirical data sources utilized to parameterize vaccine coverage and baseline 
mortality include: 

●​ WHO/UNICEF Joint Reporting Form on Immunization (JRF): The authoritative 
repository for national annual administrative coverage data submitted by WHO member 
states. 

●​ Demographic and Health Surveys (DHS) and Multiple Indicator Cluster Surveys 
(MICS): Nationally representative household surveys used to validate administrative 
reporting, correct for reporting biases, and estimate coverage among populations lacking 
formal registration. 

●​ Global Burden of Disease (GBD) Study: Cause-specific mortality, incidence, and 
disability weights provided by the IHME (specifically GBD 2021 and GBD 2023 datasets) 
to establish baseline mortality and morbidity across age groups and regions. 

●​ Polio Information System (POLIS): Historical data tracking routine oral poliovirus 
vaccine (OPV) and inactivated poliovirus vaccine (IPV) coverage, alongside 
supplementary campaign data (SIAs). 

Data Code Availability and Reproducibility 

To ensure institutional transparency, the WHO and study authors made the analytical code fully 
open-source. The computational repository, hosted on GitHub 
(WorldHealthOrganizatio[span_33](start_span)[span_33](end_span)n/epi50-vaccine-impact), 
contains the code required to reproduce the statistical extrapolations, model fits, and 
counterfactual simulations presented in the paper. 
Data Category Primary Source Institution Analytical Purpose in Model 

Framework 
Routine Vaccine Coverage WHO / UNICEF JRF Establishes historical uptake 

trajectories for routine infant 
doses (e.g., DTP1, DTP3, 
MCV1, BCG). 

Coverage Adjustments DHS / MICS Household 
Surveys 

Adjusts administrative coverage 
estimates for over- or 
under-reporting biases using 
empirical sampling. 

Baseline Mortality & 
Morbidity 

IHME (GBD 2021/2023) Defines background 
cause-specific death rates 
under the counterfactual 
zero-vaccination state. 

Campaign & SIA Coverage WHO POLIS / Measles & 
Rubella Initiative 

Parameterizes supplementary 
vaccination activities beyond 
routine health facility delivery. 



Data Category Primary Source Institution Analytical Purpose in Model 
Framework 

Pathogen Transmission 
Dynamics 

VIMC / Dynamic Modeling 
Ensembles 

Simulates non-linear infection 
dynamics, age-specific 
susceptibility, and herd 
immunity thresholds. 

Disaggregation of Figures: Disease Interventions and 
Institutional Timelines 
The study concluded that global childhood immunization efforts averted an estimated 154 
million deaths between 1974 and 2024. Of these, 146 million deaths (94.8%) were averted 
among children under five years of age, with 101 million deaths averted in infants under one 
year. Overall, vaccination accounted for 40% of the observed global reduction in infant 
mortality over the 50-year period, a figure rising to 52% in the WHO African Region. 
Pathogen / 
Vaccine 
Intervention 

Deaths Averted 
(Millions) 

Percentage of 
Total Impact 

Years of Life 
Saved (Billions) 

Full Health 
Years Gained 
(Billions) 

Primary 
Epidemiological 
Mechanism 

Measles 
(MCV1 / 
MCV2) 

93.7 60.8% 5.7 5.8 Interruption of 
highly 
contagious 
transmission 
(R_0 \approx 
12\text{--}18); 
prevention of 
acute 
encephalitis, 
severe 
pneumonia, 
and 
post-measles 
immune 
amnesia. 

Tetanus (DTP / 
TT / Maternal) 

27.9 18.1% 1.4 1.4 Elimination of 
neonatal 
tetanus via 
maternal 
immunization 
and hygienic 
cord care; 
routine 
childhood DTP 
series. 

Pertussis 
(DTP / DTaP / 
wP) 

13.2 8.6% 0.8 1.0 Prevention of 
severe infant 
pertussis 
encephalopath



Pathogen / 
Vaccine 
Intervention 

Deaths Averted 
(Millions) 

Percentage of 
Total Impact 

Years of Life 
Saved (Billions) 

Full Health 
Years Gained 
(Billions) 

Primary 
Epidemiological 
Mechanism 
y, severe 
paroxysmal 
cough, and 
secondary 
bacterial 
pneumonia. 

Tuberculosis 
(BCG) 

10.9 7.1% 0.6 0.9 High efficacy 
against severe 
disseminated 
pediatric 
tuberculosis, 
including 
tuberculous 
meningitis and 
miliary TB. 

Haemophilus 
influenzae 
type b 

2.8 1.8% 0.2 0.2 Prevention of 
pediatric 
bacterial 
meningitis and 
severe invasive 
Hib pneumonia. 

Poliomyelitis 
(OPV / IPV) 

1.6 1.0% 0.1 0.8 Prevention of 
acute flaccid 
paralysis (>20 
million cases of 
paralysis 
averted); 
eradication of 
wild poliovirus 
types 2 and 3. 

Other 
Pathogens 
(HepB, PCV, 
Rota, Rubella, 
YF, MenA, JE) 

3.8 2.5% 0.2 0.3 Prevention of 
acute/chronic 
hepatitis B, 
pneumococcal 
pneumonia/me
ningitis, severe 
rotavirus 
diarrhea, 
congenital 
rubella 
syndrome, and 
epidemic 
meningitis. 

TOTAL 154.0 100.0% 9.0 10.2 Averages 66 



Pathogen / 
Vaccine 
Intervention 

Deaths Averted 
(Millions) 

Percentage of 
Total Impact 

Years of Life 
Saved (Billions) 

Full Health 
Years Gained 
(Billions) 

Primary 
Epidemiological 
Mechanism 
years of full 
health gained 
per single 
death averted 
across all 
interventions. 

Pathogen Dominance: The Central Role of Measles 

Measles vaccination is the single largest contributor to averted mortality, accounting for 93.7 
million saved lives (60.8% of total lives saved). The dominant role of measles in global vaccine 
impact is attributable to three biological and epidemiological factors: 
First, measles possesses extreme transmissibility, with a basic reproduction number (R_0) 
ranging between 12 and 18, causing widespread epidemics in unimmunized populations. 
Second, in malnourished or low-resource settings, measles infection carries high case-fatality 
ratios between 3% and 10%. Third, beyond direct acute mortality, wild measles infection 
destroys memory lymphocytes, inducing long-term "immune amnesia" that leaves children 
susceptible to secondary fatal opportunistic infections (e.g., bacterial pneumonia, diarrheal 
disease) for months or years post-recovery. Immunization prevents this downstream mortality. 

Institutional Timeline Disaggregation: 1974–1999 vs. Post-2000 
Public-Private Partnerships 

The 50-year evaluation period is bisected by a fundamental shift in global health governance, 
separating early state-led initiatives from modern public-private philanthropic partnerships. 

Era 1: State-Led Baseline EPI Expansion (1974–1999) 

Launched by the World Health Assembly in May 1974, the early EPI focused on establishing 
primary delivery infrastructure for six basic antigens: BCG, diphtheria, pertussis, tetanus, 
poliomyelitis, and measles. Delivered primarily through national ministries of health supported 
by WHO and UNICEF, global coverage for key markers like DTP3 grew from less than 5% in 
1974 to roughly 75% by the late 1990s. Mortality reductions in this era were largely driven by 
gains in measles control, neonatal tetanus elimination, and routine DTP coverage. 

Era 2: Public-Private Partnerships and the Gates Foundation/Gavi Era 
(2000–2024) 

By the late 1990s, routine coverage gains in LMICs had plateaued, and stark inequities 
emerged in the introduction of newer vaccines between high- and low-income nations. To 
address this gap, Gavi, the Vaccine Alliance was founded in 2000, anchored by a primary seed 
contribution from the Bill & Melinda Gates Foundation (BMGF) alongside sovereign state 
donors. 
Between 2000 and 2022, Gavi-supported programs reached over 1 billion children, preventing 
an estimated 17 million deaths in low-income countries. This era introduced market-shaping 



mechanisms, such as Advance Market Commitments (AMC), which co-funded the rapid rollout 
of expensive multi-valent and conjugate vaccines (e.g., Pentavalent DTP-HepB-Hib, 
Pneumococcal Conjugate Vaccine [PCV], Rotavirus, Human Papillomavirus [HPV], and 
Meningitis A). Consequently, while early mortality reductions were dominated by the original six 
EPI vaccines, post-2000 impact figures increasingly reflect contributions from Hib, PCV, 
rotavirus, and targeted SIAs. 

Methodological Critiques, Statistical Uncertainty, and 
Policy Debates 
Despite the modeling frameworks employed by Shattock et al., independent health economists, 
biostatisticians, and public health analysts have highlighted several analytical limitations, 
statistical uncertainties, and structural assumptions inherent in these global estimates. 

Statistical Uncertainty and Data Gaps 

Estimating vaccine impact over half a century requires managing substantial missing data. Prior 
to 1990, routine coverage reporting in many sub-Saharan African and South Asian nations was 
sparse or unverified. Estimating coverage trajectories back to 1974 requires backward 
extrapolation and temporal smoothing, introducing wide 95% uncertainty intervals around early 
historical estimates. Furthermore, historical coverage relies heavily on administrative reports 
(doses administered divided by estimated target population), which frequently overstate actual 
coverage compared to post-hoc household surveys due to inaccurate population censuses and 
administrative incentives. 

Epidemiological and Biostatistical Critiques 

Competing Risks of Mortality 

A major criticism raised by demographic statisticians and health economists relates to the 
assumption of independent competing risks. Standard counterfactual models calculate lives 
saved by subtracting cause-specific vaccine-preventable deaths from baseline mortality. 
However, in environments characterized by extreme poverty, severe malnutrition, unsafe water, 
and absent secondary healthcare, a child saved from a vaccine-preventable disease (e.g., 
measles) remains exposed to other lethal hazards (e.g., severe malaria, bacterial dysentery, 
acute malnutrition). If a child saved from measles succumbs to malaria months later, static 
counterfactual models may overestimate the net gain in life expectancy by failing to fully 
integrate these dependent competing mortality risks. 

Static vs. Dynamic Model Limitations 

While measles and polio were evaluated using dynamic transmission models, four major 
diseases (diphtheria, tetanus, pertussis, tuberculosis) were evaluated using static models, and 
others relied on extended VIMC models. Static models cannot capture population-level dynamic 
shifts, such as age-at-infection shifts, waning artificial immunity changing adult susceptibility, or 
serotype replacement (observed when non-vaccine pneumococcal serotypes fill ecological 



niches created by PCV administration). 

Institutional Structure and Policy Debates 

Structural Overlap and Funding Dynamics 

Independent public health analysts have noted structural relationships within global health 
modeling networks. The primary academic entities responsible for parameterizing these vaccine 
impact models—such as the Vaccine Impact Modelling Consortium (VIMC) and the Institute for 
Health Metrics and Evaluation (IHME)—receive significant grant funding from the Bill & Melinda 
Gates Foundation. 
Critical scholars argue that when philanthropic organizations fund both primary vaccine delivery 
vehicles (Gavi) and the academic modeling groups tasked with calculating their return on 
investment (VIMC/IHME), it risks creating an institutional feedback loop. This structural overlap 
can limit critical appraisal of counterfactual assumptions, as both the funder and the academic 
modelers share an interest in demonstrating high cost-effectiveness and large lives-saved 
metrics. 

Vertical Technology Interventions vs. Horizontal Health Systems 

Public health economists and humanitarian organizations, such as Médecins Sans Frontières 
(MSF), have cautioned against over-reliance on vertical, single-technology intervention models 
championed by Gavi and BMGF. Critiques emphasize that prioritizing high-cost, proprietary, 
patented vaccines (e.g., newer rotavirus or pneumococcal formulations) absorbs a 
disproportionate share of global health financing relative to fundamental primary healthcare 
(PHC) delivery infrastructure. 
By funneling financial and logistical resources into vertical vaccine delivery channels, local 
health systems can suffer from workforce diversion. Furthermore, despite the headline figure of 
154 million lives saved, modern routine immunization progress has stalled or regressed in 
several regions since 2010, exacerbated by the COVID-19 pandemic. As of 2023, 
approximately 15.7 million children remain completely unvaccinated ("zero-dose children"), 
concentrated primarily in conflict-affected, remote, or fragile states where vertical delivery 
models struggle without functional, horizontally structured health systems. 

Synthesis and Policy Implications 
The academic consensus confirmed by Shattock et al. establishes that global childhood 
immunization represents one of the most effective public health interventions in human history, 
averting an estimated 154 million deaths over five decades and contributing to 40% of the 
observed global decline in infant mortality. Measles vaccination alone accounts for over 60% of 
this preserved human life. The structural evolution of global health financing—transitioning from 
basic, state-led EPI coverage in 1974 to sophisticated public-private market mechanisms under 
Gavi and the Gates Foundation after 2000—substantially accelerated the introduction of 
complex vaccines to low-income nations. 
However, a complete understanding of these figures requires recognizing the statistical and 
institutional limitations inherent in mathematical modeling. Estimates of lives saved are derived 
from complex counterfactual models that make crucial assumptions regarding baseline mortality, 



transmission dynamics, and independent competing risks. Furthermore, the concentration of 
research funding among philanthropic entities that simultaneously support global vaccine 
deployment highlights the need for continued, independent biostatistical auditing. 
Sustaining and expanding these historical health gains will depend less on theoretical modeling 
and more on addressing real-world operational challenges: strengthening local primary 
healthcare infrastructure, reaching unvaccinated zero-dose children in fragile environments, and 
mitigating growing vaccine hesitancy worldwide. 

Works cited 

1. Vaccination has averted 154 million deaths since 1974: study in The, 
https://immunizationeconomics.org/recent-activity/2024/5/27/vaccination-has-averted-154-millio
n-deaths-since-1974-study-in-the-lancet/ 2. (PDF) Contribution of vaccination to improved 
survival and health, 
https://www.researchgate.net/publication/380313638_Contribution_of_vaccination_to_improved
_survival_and_health_modelling_50_years_of_the_Expanded_Programme_on_Immunization 3. 
Sample Size Parameters for Vaccination Coverage Cluster Surveys, 
https://academic.oup.com/jssam/article/13/5/587/8417582 4. Global, regional, and national 
trends in routine childhood ... - PMC, https://pmc.ncbi.nlm.nih.gov/articles/PMC12338332/ 5. 
Contribution of vaccination to improved survival and health - PubMed, 
https://pubmed.ncbi.nlm.nih.gov/38705159/ 6. How can the public health impact of vaccination 
be estimated? - PMC, https://pmc.ncbi.nlm.nih.gov/articles/PMC8577012/ 7. Vaccination: 
Successes and Challenges Over 50 Years, 
https://esmed.org/vaccination-successes-and-challenges-over-50-years/ 8. Expert Comment – 
Vaccines have saved more than 150 million lives, 
https://www.lshtm.ac.uk/newsevents/news/2024/expert-comment-vaccines-have-saved-more-15
0-million-lives 9. New data shows vaccines have saved 154 million lives in the past, 
https://www.gavi.org/vaccineswork/new-data-shows-vaccines-have-saved-154-million-lives-past-
50-years 10. Global immunization efforts have saved at least 154 million lives, 
https://www.who.int/news/item/24-04-2024-global-immunization-efforts-have-saved-at-least-154-
million-lives-over-the-past-50-years 11. The Lancet: Life-saving childhood vaccination coverage 
has stalled, https://www.eurekalert.org/news-releases/1088445 12. GitHub - 
WorldHealthOrganization/epi50-vaccine-impact, 
https://github.com/WorldHealthOrganization/epi50-vaccine-impact 13. Vaccine Preventable 
Diseases - Kid Risk Publications, https://kidrisk.org/research/publications_VPD.html 14. 
Vaccination: A Story of Success and Ongoing Challenges, 50 Years, 
https://vaccinesbeat.org/vaccination-a-story-of-success-and-ongoing-challenges-50-years-after-t
he-launch-of-the-expanded-programme-on-immunization-epi/ 15. Vaccine-preventable diseases: 
key facts - EMA - European Union, 
https://www.ema.europa.eu/en/human-regulatory-overview/public-health-threats/vaccine-preven
table-diseases-key-facts 16. Updated Joint Position Statement on Vaccines From the Society 
for, https://www.birthdefectsresearch.org/pubs/BDRP_Vaccine_Statement_2025.pdf 17. 
Childhood Vaccination Has Saved Millions of Lives, but Rising, 
https://www.americanprogress.org/article/childhood-vaccination-has-saved-millions-of-lives-but-r
ising-hesitancy-could-reverse-decades-of-progress/ 18. Vaccines Save 6 Lives Every Minute! - 
Seriously Scientific, https://seriouslyscientific.com/news/vaccines-save-lives/ 19. Vaccines have 
saved 150 million children over the last 50 years, 
https://ourworldindata.org/vaccines-children-saved 20. Expanded Programme on Immunization 



(EPI): A Legacy of 50 Years, https://pmc.ncbi.nlm.nih.gov/articles/PMC12197319/ 21. GAVI - 
Wikipedia, https://en.wikipedia.org/wiki/GAVI 22. Vaccination | Norad.no, 
https://www.norad.no/en/insight2/tematiske-omrader/health/vaccination--a-life-saving-tool/ 23. 
Study Suggests COVID Shots Saved Fewer Lives Compared With, 
https://www.medpagetoday.com/infectiousdisease/covid19vaccine/116674 24. Routine 
Childhood Vaccines Saved 154 Million Lives in the Past 50, 
https://oncodaily.com/science/routine-childhood-vaccines-318593 25. How can the public health 
impact of vaccination be estimated?, 
https://www.researchgate.net/publication/356066811_How_can_the_public_health_impact_of_v
accination_be_estimated 26. Costs of Immunization Programs for 10 Vaccines in 94 Low - PMC, 
https://pmc.ncbi.nlm.nih.gov/articles/PMC7813215/ 27. Closing the pneumococcal conjugate 
vaccine (PCV) introduction gap, 
https://www.tandfonline.com/doi/full/10.1080/16549716.2023.2281065 28. Understanding the 
Role of Duration of Vaccine Protection with, https://www.mdpi.com/2076-2607/9/2/461 29. 
MMWR, Volume 74, Issue 18 - CDC, 
https://www.cdc.gov/mmwr/volumes/74/wr/pdfs/mm7418-H.pdf 30. Vaccine equity in low and 
middle income countries - PMC - NIH, https://pmc.ncbi.nlm.nih.gov/articles/PMC9194352/ 


	Epidemiological Audit of Global Childhood Immunization Impact: Modeling Frameworks, Mortality Disaggregation, and Methodological Critiques of the 1974–2024 WHO/Lancet Estimates 
	Methodology Overview: Mathematical Modeling and Counterfactual Frameworks 
	Dynamic Transmission Models 
	Vaccine Impact Modelling Consortium (VIMC) Models 
	Upgraded Static Disease Burden Models 

	Data Sources and Institutional Transparency 
	Primary Entities and Academic Collaborators 
	Primary Empirical Data Sources 
	Data Code Availability and Reproducibility 

	Disaggregation of Figures: Disease Interventions and Institutional Timelines 
	Pathogen Dominance: The Central Role of Measles 
	Institutional Timeline Disaggregation: 1974–1999 vs. Post-2000 Public-Private Partnerships 
	Era 1: State-Led Baseline EPI Expansion (1974–1999) 
	Era 2: Public-Private Partnerships and the Gates Foundation/Gavi Era (2000–2024) 


	Methodological Critiques, Statistical Uncertainty, and Policy Debates 
	Statistical Uncertainty and Data Gaps 
	Epidemiological and Biostatistical Critiques 
	Competing Risks of Mortality 
	Static vs. Dynamic Model Limitations 

	Institutional Structure and Policy Debates 
	Structural Overlap and Funding Dynamics 
	Vertical Technology Interventions vs. Horizontal Health Systems 


	Synthesis and Policy Implications 
	Works cited 



