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Health impact and economic evaluation of the Expanded
Program on Immunization in China from 1974 to 2024:
a modelling study

Chaofan Wang*, Xiaozhen Lai*, Kaja Abbas, Koen B Pouwels, Haijun Zhang, Mark Jit, Hai Fang

Summary

Background The Expanded Program on Immunization (EPI), initiated by WHO in 1974, is a cornerstone of public
health. China’s EPI covers more than a sixth of the world’s population and includes eight routine vaccines with high
coverage rates. This study aimed to estimate health and economic impacts of China’s EPI over the past 50 years
(1974-2024).

Methods This study mathematically modelled the impact of all eight routine vaccines in China’s EPI against
eight pathogens (measles, pertussis, hepatitis B, tuberculosis, hepatitis A, Japanese encephalitis, meningitis A, and
poliomyelitis) based on data availability and their substantial disease burden, particularly accounting for non-
linearities in vaccine impact. Health and economic outcomes were determined using mathematical models between
a counterfactual scenario without vaccination (vaccine coverage set to zero) and the current vaccination scenario
(routine vaccination scheduled at age 0-6 years), based on calendar year and birth cohort approaches. The health
impact of China’s EPI from 1974 to 2024 was measured in the number of cases, deaths, and disability-adjusted life-
years (DALYs) averted.

Findings We estimated that China’s EPI averted 703-02 million cases (95% credible interval 699-51-722-80) and
2-48 million deaths (2-14-2-97) in 1974-2024 based on the calendar year approach, equivalent to averting an
estimated 160-22 million DALYs (145-05-196-99). Using the birth cohort approach, we predicted 707-41 million
cases (703-93-727-03) and 7 - 01 million deaths (6-95-7 - 87) averted over the lifetime, corresponding to 279 - 02 million
DALYs (265-78-316-12). From a societal perspective, the aggregated cost of vaccination was estimated to be
US$124-06 billion (120-49-127 - 49), although the benefits amounted to $2417 -85 billion (2359-38-2710-35). China’s
EPI yielded an aggregate benefit—cost ratio of 19-48 (18-82-22-08) from the societal perspective and 8-02 (7-64-8 - 80)
from the provider’s perspective.

Interpretation China’s EPI has shown remarkable health and economic achievements, contributing to worldwide EPI
success in the past 50 years. Further investment in EPI is warranted to sustain coverage and expand vaccine inclusion
in China and globally.
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Introduction integrated hepatitis B vaccine into the EPI and renamed

The year 2024 marked the 50th anniversary of the global
Expanded Program on Immunization (EPI).! In 1974,
WHO launched the EPI in an effort to combat global
infectious diseases by ensuring coverage of essential
vaccines worldwide, which initially encompassed
four routine vaccines: measles, diphtheria-tetanus-
pertussis (DTP), BCG, and poliomyelitis. From 1974
to 2024, the WHO estimated that the global EPI has
prevented a total of 154 million deaths.’

China, the most populous country in the world until
2023, historically had a high burden of infectious disease
morbidity and mortality* and formally launched the EPI
in 1978. Before this event, China started using BCG and
pertussis vaccines in 1960, then the poliomyelitis vaccine
in 1962, measles vaccine in 1965, and Japanese
encephalitis vaccine in 1967° In 2002, China fully

the programme to the National Immunization Program.°
In 2008, China expanded the EPI by replacing the
measles vaccine with the measles-mumps-rubella
vaccine and adding vaccines for hepatitis A, Japanese
encephalitis, and Neisseria meningitidis serogroups A and
C. Since 2016, China has reached national coverage of
more than 95% for each of the eight EPI vaccines
(measles-mumps-rubella, DTP, BCG, poliomyelitis,
hepatitis A, hepatitis B, Japanese encephalitis, and
Neisseria meningitidis serogroups A and C).

In the past five decades, declines in reported disease
burden associated with EPI vaccines in China have been
well documented.” However, comprehensive health
impact and economic evaluation of China’s EPI in the past
50 years remain unclear.” The Vaccine Impact Modelling
Consortium (VIMC) modelled the health impact of
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Research in context

Evidence before this study

In 1974, the WHO launched the Expanded Program on
Immunization (EPI) to combat global infectious diseases, and
2024 marked the 50th anniversary of this global initiative.

We searched PubMed, Web of Science, and Google Scholar in
English and China National Knowledge Infrastructure and
Wanfang in Chinese for studies published from database
inception to Aug 31, 2024, on the health impact and economic
evaluation of immunisation programmes in China. The search
terms included combinations of “immunization/vaccination”,
“health impact/disease burden”, and “cost-effectiveness/
economic evaluation” in both languages. Our search identified
104 studies, 21 of which were conducted on China’s
immunisation programmes. However, most of these studies
focused on specific pathogens and shorter timeframes. The
Vaccine Impact Modelling Consortium assessed the health
impact of vaccination in 112 low-income and middle-income
countries (LMICs), including only three EPI vaccines in China
(measles, hepatitis B, and Japanese encephalitis). Some studies
have conducted economic evaluations of multiple vaccine
programmes but focusing on LMICs as a whole or on specific
countries. No study has comprehensively assessed the health
impact and cost-effectiveness or benefit of all eight vaccines
included in China’s EPI.

Added value of this study
This study provides the first comprehensive evaluation of the
public health impact, cost-effectiveness, and cost-benefit of

vaccination against ten pathogens in 112 low-income and
middle-income countries (LMICs) from 2000 to 2030,
covering three EPI vaccines in China (measles, hepatitis B,
and Japanese encephalitis).” The health impact of all
eight EPI vaccines used in China since 1974 has yet to be
assessed within the country-specific context. The WHO
has also evaluated the 50-year contribution of global EPI,
and reported aggregated results at regional and global
levels, but modelled estimates for China and all other
WHO member states were not included given the
uncertainties in country-level estimates.”

There is an evidence gap on the health and economic
impacts of EPI in China. This evidence is essential not
only to show the remarkable achievements of China’s
EPI but also to advocate for the expansion of the
programme to include vaccines recommended by the
WHO that are currently not covered by government
funding in China.” Economic evaluations are important
given that the perceived high budget impact of non-EPI
vaccines constitutes a primary barrier preventing their
inclusion in China’s EPI, despite their recognised
efficacy.” Furthermore, China’s EPI is a major component
of global EPI, since China accounts for more than a sixth
of the global population.

This study aimed to estimate the health and economic
impacts of China’s EPI in 1974-2024. The analysis spans

China’s EPI spanning a 50-year period (1974-2024). Using
mathematical models, we quantified the substantial
reductions in cases, deaths, and disability-adjusted life years
(DALYs) across eight vaccine-preventable pathogens,
highlighting the substantial health gains attributable to
vaccination. Our estimates indicated that China’s EPl in
1974-2024 prevents 707-41 million cases and 7-01 million
deaths, resulting in a reduction of 279-02 million DALYs based
on the birth cohort approach. The economic analysis showed
that the aggregated benefits of the EPI, amounting to
US$2417-85 billion, far exceeded the aggregated costs of
$124-06 billion, with a benefit-cost ratio of 19-48 from

the societal perspective and 8-02 from the provider’s
perspective.

Implications of all the available evidence

China’s EPI has delivered substantial long-term health and
economic benefits. In the past 50 years, the programme has
substantially reduced disease burden and showed a high
benefit-cost ratio, highlighting its crucial role in improving
public health outcomes and providing substantial economic
value. These achievements underscore the importance of
further prioritising and investing in vaccination programmes,
in China but also globally as similar vaccination initiatives
could yield similar health and economic benefits.

calendar years and annual birth cohorts, alongside
economic evaluation results for each vaccine, to support
advocacy efforts and inform economic health and policy
decisions in China.

Methods

Study design

This study mathematically modelled the impact of
all eight routine vaccines in China’'s EPI against
eight pathogens (measles, pertussis, hepatitis B,
tuberculosis, hepatitis A, Japanese encephalitis,
meningitis A, and poliomyelitis). The selection of these
pathogens was based on data availability and their
substantial disease burden in China, particularly
accounting for non-linearities in vaccine impact.* These
eight pathogens collectively represented the majority of
disease burden prevented by EPI in China and the
broader Western Pacific region.? We focused on estimates
from 1974 onwards, to account for the historical
development of vaccination before EPI was formally
launched. We designed two scenarios: a vaccination
scenario with reported and projected coverage, and
a counterfactual no vaccination scenario with zero
vaccine coverage. In the vaccination scenario, we focused
only on routine vaccination scheduled at age 0-6 years
(appendix 2 p 13), given the infrequency and scarce
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documentation surrounding EPI vaccination campaigns
in China. In the counterfactual no vaccination scenario,
we set vaccine coverage to zero due to the impracticality
of simulating coverage metrics without government
funding. This approach aligned with established
practices in previous literature from the WHO and the
VIMC,*" ensuring a consistent baseline for comparison
and isolating the impact of vaccination. We also
conducted sensitivity analyses using varied levels of
vaccine coverage. The health impact of China’s EPI from
1974 to 2024 was measured in the number of cases,
deaths, and disability-adjusted life years (DALYs) averted.
Deaths averted specifically refer to the number of
individuals expected to survive until they reach their
respective life expectancies as a result of vaccination. The
incremental cost-effectiveness ratios and benefit—cost
ratios were used to evaluate the economic feasibility of
China’s EPIL.

Annual demographic data and projections in China,
including birth rates, age-stratified death rates, and
population statistics, were obtained from the UN World
Population Prospects.” Vaccine coverage rates from 1983
to 2022 in China were aggregated from various sources,
including the WHO and UNICEF Estimates of National
Immunization Coverage, surveillance data from the
Chinese Center for Disease Control and Prevention, and
published literature.**” The coverage data were fitted to
generalised additive models with restricted maximum
likelihood to estimate vaccine coverage before 1983,
which is important for modelling early disease burden,
with an anchored 0-01% coverage in the year when
a specific vaccine was initially introduced in China
(appendix 2 pp 9-11). We projected that vaccine coverage
rates after 2022 would remain the same as in 2022, given
the minimal variations observed in the past 5 years,
including during the COVID-19 pandemic.” A similar
approach has been used by the WHO and VIMC to
estimate vaccine coverage rates.”"

Health impact modelling

We developed an age-structured stochastic dynamic
compartment model for each of the seven pathogens,
except for Japanese encephalitis, to elucidate the
combined effects of the natural course of infection,
demographic changes, and herd immunity. For Japanese
encephalitis, a static model was used based on a pre-
established catalytic model assuming a constant force of
infection.” Dynamic models simulate the transmission
dynamics of infectious diseases and account for the
direct effects of vaccination on the vaccinated population
and the indirect effects of vaccination on the vaccinated
(but not protected) and unvaccinated populations. On the
contrary, static models solely evaluate the direct effects of
vaccination, presuming that vaccination coverage does
not alter the intensity of pathogen transmission in
an unvaccinated population. The synthesised health
impact reported by these eight models in 1974-2024

represented the aggregate outcomes of China’s EPI. We
have briefly summarised our modelling process
(appendix 2 pp 4-16), and provided detailed descriptions
for each pathogen (appendix 2 pp 17-42).

To accurately capture the dynamics of eight pathogens,
we calibrated each of the eight models using the Markov
Chain Monte Carlo algorithm with external datasets. To
address concerns about the quality of death reports and
accurately reflect the impact of vaccination on treatment
costs, we chose incidence or prevalence as our
calibration targets. Specifically, for measles, pertussis,
hepatitis A, Japanese encephalitis, meningitis A, and
poliomyelitis, we used annual incidence data reported
by the National Notifiable Infectious Disease Reporting
System of China.** For hepatitis B, we calibrated the
model with annual HBsAg+ prevalence reported in
a meta-analysis.® For tuberculosis, we used annual
incident cases in China sourced from the WHO."
Trajectory matching between model predictions and
observed data, spanning from 1974 to 2022, was
conducted using the Markov Chain Monte Carlo
(appendix 2 pp 5-8).

Age-stratified, pathogen-specific cases, deaths, and
DALYs from 1974 to 2024 were estimated. DALYs serve as
a metric for quantifying the years of healthy life lost due
to disability and premature death. Following previous
literature, time discounting was not applied in the
calculation of DALYs.*"* This approach could possibly
overestimate the present value of mortality-related
productivity losses, which in turn might lead to
overestimated economic impact. Sensitivity analyses of
3% and 5% discounting rates were applied to check the
robustness of economic evaluation. We used
two approaches of aggregation to present the results:
calendar year and birth cohort. The calendar year
approach facilitated the evaluation of averted disease
burden by vaccination for specific years, thus providing
a cross-sectional view of the impact. The birth cohort
approach allowed for the summation of disease burden
throughout the lifespan of each annual birth cohort born
in 1974-2024, enabling an assessment of averted disease
burden by vaccination over the entire lifetime.

To estimate the health impact of vaccination, we
integrated vaccine effectiveness and coverage to derive
effective vaccine coverage. This composite measure was
then used to back calculate disease burden under
a hypothetical scenario in which historical vaccination
for the eight EPI vaccines did not occur. The population
attributable impact of vaccination for each pathogen was
estimated as the proportion of annual cases, deaths, and
DALYs attributable to each pathogen that have been
averted through vaccination. Life expectancy values
specific to China, stratified by year, were sourced from
the World Population Prospects.” Potential double
counting of deaths averted by multiple vaccines was also
done by the VIMC (appendix 2 p 16).> External validation
was conducted by comparing the averted deaths per
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1000 individual vaccines in this study with those provided
by the VIMC to support model reliability (appendix 2
pp 12-13).

Economic evaluation

Based on the health impact derived from disease
transmission models, we estimated the associated costs
and benefits using a decision tree model or a Markov
progression model, depending on the disease’s natural
history and data availability. A societal perspective was
adopted to capture the comprehensive costs and benefits
of vaccination, with a health-care provider’s perspective
used as an alternative perspective. All costs and benefits
were inflated to 2022 monetary values based on China’s
consumer prices from the World Bank.? The currency
conversion from Chinese renminbi to US dollar was
conducted using the exchange rate of US$1 equal to ¥6-73.
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Figure 1: Vaccine coverage and doses against eight pathogens from 1974 to 2024 in China
(A) The reported and projected coverage rates for eight vaccines. (B) The cumulative number of doses distributed

annually fo

r eight vaccines.

The benefit—cost ratio is defined as the ratio of total
benefits to the total costs associated with vaccination. Total
costs include expenses related to vaccine procurement,
vaccination administrative services, transportation, and
time incurred by children’s guardians. Total benefits
include the averted vaccine-preventable disease treatment
costs and labour productivity gains, calculated using
the cost-of-illness approach. The incremental cost-
effectiveness ratio is the ratio of incremental costs to
incremental DALYs averted between scenarios with and
without vaccination, indicating the additional costs
required to avert one DALY. To assess the robustness of
our findings, probabilistic sensitivity analysis using Monte
Carlo simulations was conducted.

Demographic data were reported in their original form,
since the underlying data sources do not provide
uncertainty bounds. The reported uncertainty estimates
reflect a combination of uncertainty in epidemiological
inputs and model specification, quantified using the
posterior distribution of calibrated parameters, and
uncertainty in cost inputs, quantified with probabilistic
sensitivity analysis in the economic evaluation. For each
pathogen, medians (along with the 2-5% and 97-5%
quantiles) were calculated to derive central estimates and
95% credible intervals (Crls). To aggregate estimates
across various pathogens, a Monte Carlo sampling
technique was used, under the assumption that the
uncertainty distribution of outcomes for each model was
independent of those in the others.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

From 1974 to 2024, the projected coverage rates for
eight EPI vaccines in China have shown an upward trend.
In 1974, the vaccine coverage rates were 2% for BCG,
21% for DTP, 6% for poliomyelitis, 53% for measles, and
9% for Japanese encephalitis vaccines (figure 1A). By 2011,
all eight EPI vaccines had reached at least 95% coverage.
Subsequently, they have maintained high levels with
minor fluctuations. The total number of administered
vaccine doses also showed an overall increasing trend in
coverage, albeit with fluctuations (figure 1B). The peak in
vaccine doses occurred in 2012 at 42719 million (95% CrI
411-66—442-46). Subsequent trends in vaccine doses have
predominantly mirrored fluctuations in the birth rates,
rather than variations in vaccine coverage.

Vaccines showed a pronounced effect in averting
disease burden across all eight pathogens based on the
calendar year approach (figure 2; appendix 2 pp 43—-47).
Between 1974 and 2024, 703-02 million cases (95% Crl
699-51-722-80) and 2-48 million deaths (2-14-2-97)
were prevented (figure 3A; table). These estimates
correspond to averting an estimated 160-22 million
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Figure 2: Estimates of annual pathogen-specific deaths from 1974 to 2024 in China
Estimates of all-age deaths for each of the eight pathogens under two scenarios: vaccination (blue) and no vaccination (red) based on the calendar year approach. The
corresponding shaded areas represent 95% creditable intervals (2:5% and 97-5% quantiles), whereas grey shaded areas indicate where the 95% creditable intervals for

the two scenarios overlap.

DALYs (145-05-196-99; table). Among these vaccines,
measles vaccine had the largest impact on disease
burden, averting a total of 442-86 million cases
(436-97-448-76) and 1-01 million deaths (0-92-1-12),
which translated to 49-48 million DALYs (45-60-59-43).
This led to a decrease of 95-59% (95-35-95-95) in
measles cases, 90-18% (88-24-92-38) in measles
deaths, and 90-05% (86-90-92-56) in measles-related
DALYs. In terms of deaths averted per 1000 vaccinated
individuals based on the calendar year approach,
the measles vaccine also had the highest rate at
1-45 (1-31-1-58), followed by the hepatitis B vaccine
(1-22 [0-57-1-88]), and Japanese encephalitis vaccine
(0-87[0-72-1-00]; figure 3B; appendix 2 p 48).

Based on the birth cohort approach, a collective
707-41 million cases (95% CrI 703-93-727-03) and
7-01 million deaths (6-95-7-87) were averted over the
lifetime, corresponding to 279-02 million DALYs
(265-78-316-12; figure 3; table). Hepatitis B vaccination
was estimated to have averted 12- 69 deaths (11-79-13 - 60)

per 1000 vaccinated individuals (figure 3; appendix 2
p 48) or a total of 5-26 million (5-20-6-02) deaths by
birth cohort, the largest among the eight vaccines. The
majority of hepatitis B-related deaths occurred in
individuals aged older than 40 years, primarily due to
decompensated cirrhosis and hepatocellular carcinoma
in later life. Although the hepatitis B vaccine was
introduced in China in 1990, its impact was not apparent
between 1990 and 2004 but became evident from 2005
onwards.

In comparison, the health impact of vaccination on
deaths and DALYs on birth cohorts born in 1974-2024
was larger than those occurring in calendar years
1974-2024 (appendix 2 pp 49-51). This difference is
mainly attributed to the ages at which deaths from
hepatitis B, hepatitis A, and tuberculosis occur. The
impact of double counting on deaths averted was low
(<0-02%; appendix 2 p 16).

The benefit—cost and cost-effectiveness of China’s EPI
are shown in figure 4 and appendix 2 (pp 52-57). From the
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societal perspective, the aggregated cost of vaccination from
1974 to 2024 was estimated to be US$124-06 billion
(95% Crl 120-49-127-49), including $69-91 billion
(67-86-71-81) for vaccine procurement and administrative
services, and $54-15  Dbillion (52-63-56-89) for
transportation and time costs incurred by caregivers
(appendix 2 p 52). The aggregated benefit of vaccination
over the lifetime of the vaccinated birth cohorts
totalled $2417-85 billion (2359-38-2710-35), including
$560- 38 billion (539-54-611-92) for reduction in disease
treatment costs and $1857-46 billion (1819-84-2098-43)
for decrease in direct non-medical expenses and increase
in labour productivity (appendix 2 p 52). The benefit—cost
ratio of each vaccine based on the birth cohort approach
exceeded 1, with the aggregated benefit—cost ratio of EPI
against eight pathogens calculated at 19-48 (18-82-22-08)

from the societal perspective (figure 4; appendix 2 p 54).
Among the eight vaccines, hepatitis B reached the highest
benefit of $1499- 31 billion (1459 -12-1740 - 87), coupled with
the highest benefit—cost ratio of 148-01 (128-80-178-90).
Based on the calendar year approach, the benefit—cost ratio
of each vaccine (except for hepatitis A) also surpassed 1,
and the aggregated benefit—cost ratio of EPI against
eight pathogens was 10-13 (8-87-12-01; figure 4;
appendix 2 p 53). From the health-care provider’s
perspective, the benefit—cost ratios remained above 1, at
8-02 (7-64-8-80) based on the birth cohort approach and
3-98 (3-47—4-72) based on the calendar year approach
(figure 4; appendix 2 pp 55-56).

In terms of cost-effectiveness (appendix 2 p 57), all
eight vaccines were cost-saving from the societal
perspective, irrespective of whether data were analysed
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Figure 4: Benefit-cost ratios for eight vaccines from 1974 to 2024 in China from societal and health-care provider’s perspectives

Benefit-cost ratio and 95% credible intervals based on the calendar year (A) and birth cohort (B) approaches, calculated by dividing total benefits by total costs. A benefit-cost ratio higher than 1
indicates that benefits outweigh costs and lower than 1 suggests the intervention might not be economically viable. The societal perspective adopts total costs, which encompass a broader range of
expenses. The health-care provider’s perspective considers direct disease cost and vaccination cost.

bases on the calendar year (except for hepatitis A vaccine
with an incremental cost-effectiveness ratio of $600
per DALY averted) or the birth cohort approaches. The
incremental cost-effectiveness ratio plot in appendix 2
(p 59) clearly shows that most points fell within the cost-
saving quadrant. Consistent results from additional
scenarios with varying vaccine coverage rates,
discounting rates, and benefit measurements are
presented in appendix 2 (pp 61-65).

Discussion

From 1974 to 2024, the health impact of China’s EPI has
been substantial, yielding notable reductions in the
number of cases, deaths, and DALYs of eight vaccine-
preventable infectious diseases. Our modelling study
uniquely assessed the direct benefits to vaccinated
individuals and the broad societal benefits stemming
from herd protection among the unvaccinated
population in China. To our knowledge, this study is the
first to present an economic evaluation of China’s EPI
spanning the period from 1974 to 2024. From a societal

perspective, the total benefits of China’s EPI far
exceeded the total costs of investing in EPI, with
aggregate benefit—cost ratios surpassing 1 and aggregate
incremental cost-effectiveness ratios showing cost-
saving. This study also highlights the benefits of high
coverage rates of EPI vaccines to public health in China.
Moreover, the benefits of childhood vaccination extend
beyond immediate health outcomes, with observable
reductions in adult mortality across birth cohorts.
Measles vaccination was estimated to have averted
a substantial number of cases, deaths, and DALYs in
China based on calendar year and birth cohort
approaches and showed high benefit—cost ratios.
Hepatitis B vaccination emerged as a pivotal contributor
to mortality reduction, although China officially
introduced hepatitis B into the EPI later in 2002. China,
with the world’s largest population of patients with
hepatitis B,* has reached remarkable coverage rates for
the birth dose of hepatitis B vaccination since 2016.
Additionally, hepatitis B modelling in our study
considered the prevention of mother-to-child
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transmission, which has been widely implemented
in China.

No previous study has explored the health impact and
economics of all routine vaccines in China’s EPI since
1974. However, studies have looked at a few pathogens
over shorter timespans. The VIMC has estimated the
health impact of vaccination programmes against
ten pathogens (Haemophilus influenzae type B, hepatitis
B, human papillomavirus, Japanese encephalitis,
measles, Neisseria meningitidis serogroup A, rotavirus,
rubella, Streptococcus pneumoniae, and yellow fever) in
LMICs from 2000 to 2030.""™ Among the ten pathogens
analysed in the VIMC study, three—measles, hepatitis B,
and Japanese encephalitis—were covered by vaccines
included in China’s EPI. The VIMC reported 0-9 deaths
averted per 1000 individuals vaccinated against measles,
12-0 deaths averted per 1000 individuals vaccinated
against hepatitis B, and 0-5 deaths averted per
1000 individuals vaccinated against Japanese encephalitis
in 2000-30 in China based on the birth cohort approach,”
whereas our study estimated 0-44 deaths averted per
1000 individuals vaccinated against measles, 12- 69 deaths
averted per 1000 individuals vaccinated against
hepatitis B, and 1-06 deaths averted per 1000 individuals
vaccinated against Japanese encephalitis during the
same time period. Research has mainly focused on the
burden of single pathogens. One study reported
the health impact of diphtheria—tetanus—polio vaccination
in China for 40 birth cohorts from 1978 to 2017, finding
a reduction of pertussis cases similar to our estimates
based on the birth cohort approach.” Another study
on hepatitis B found that, over 18 years (1992-2009),
hepatitis B vaccination in China prevented 24-0 million
chronic infections and 4-3 million future deaths, which
is similar to the results reported in our study;* therefore,
our estimates are generally consistent with previous
ones, with differences possibly driven by variations in
model types and data sources (appendix 2 pp 12-13).

The findings of the economic analyses, whether
calculated from a societal or provider’s perspective, align
with other assessments of immunisation programmes in
different national contexts. A 2020 study, using data from
VIMC, reported a return on investment ratio of 19-8 for
immunisation initiatives targeting ten pathogens across
94 LMICs from 2021 to 2030.” In parallel, a US based
study estimated a societal benefit—cost ratio of 10-9 for
routine childhood immunisation spanning the 1994-2023
birth cohorts.” A study from Colombia further suggested
a return on investment ratio of 3-9 for a single cohort
using a static model.” The observed variations are likely
due to differences in pre-vaccination disease burden
and the specific vaccines included in immunisation
programmes. Nevertheless, all studies consistently show
that the financial benefits of vaccination substantially
outweigh the costs, underscoring the exceptional cost—
benefit and effectiveness. Our economic results are also
broadly consistent with previous large-scale domestic

interventions with lifelong impacts,* remaining a highly
valuable investment for governments seeking to
maximise population health benefits.

This study has some limitations. First, the study did
not estimate the health impact of China’s EPI on the
burden of mumps, rubella, diphtheria, and tetanus.
Although previous WHO literature reported low health
impact of rubella, diphtheria, and tetanus vaccinations
in the Western Pacific region and China,’ the aggregate
health impact and economic evaluation in China’s EPI
might be slightly underestimated. Second, for some
diseases (such as pertussis), under-reporting might have
occurred in earlier years. Due to an absence of reliable
parameters, we calibrated the reported incidence based
on authoritative data sources, resulting in more
conservative estimates that might underestimate the
health and economic impacts of China’s EPI. Third,
although the study assumes uniform vaccination
coverage across regions based on the consistent and
high vaccination rates within China, regional variations
could influence the effectiveness of vaccination
programmes. Future research could explore how these
regional differences affect vaccine uptake and
subsequent health outcomes. Finally, the model did not
account for other external interventions implemented
during this period that have also reduced infections.
These factors might influence the estimates, possibly
leading to an overestimation of the effect.

Our analysis highlights the substantial gains from
China’s investments in EPI. These achievements provide
impetus to enhance immunisation coverage and include
additional vaccines recommended by WHO into the
programme with further investment.
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