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Abstract

Objective This study aims to systematically review the published economic evaluations of vaccines included
in China's National Immunization Program (NIP), synthesise the current evidence base, and assess their
cost-effectiveness.

Methods A comprehensive search was conducted across PubMed, Web of Science, Embase, CNKI, CSTJ, and
Wanfang Data for cost-benefit analyses (CBA), cost-effectiveness analyses (CEA), and cost-utility analyses (CUA) related
to NIP vaccines in China, from database inception to 14 July 2025. Studies were screened following the PRISMA
guidelines. The study’s reporting quality was assessed using the CHEERS 2022 checklist, while methodological quality
was evaluated using the QHES instrument.

Results A total of 41 studies were included and demonstrated an overall moderate methodological quality (mean
CHEERS score: 66.42; mean QHES score: 70.63). The included studies covered a range of NIP-targeted vaccines,
including hepatitis B, measles, tuberculosis, diphtheria-pertussis-tetanus, hepatitis A, and meningococcal vaccines,
with hepatitis B receiving the greatest research focus (n=32). Most evaluations were conducted from a societal or
healthcare system perspective. The majority of studies reported benefit-cost ratios (BCR) greater than 1 or incremental
cost-effectiveness ratios (ICER) below the per capita GDP threshold, indicating substantial economic value. Despite
variations in model structures, baseline parameters, and assumptions, all studies consistently concluded that NIP
vaccines are cost-effective compared with no vaccination. Hepatitis B vaccination, particularly when combined with
maternal transmission prevention strategies, demonstrated exceptionally high net benefits at both national and
subnational levels.
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Conclusion NIP vaccines in China offer substantial economic value; however, interpretation of the findings may be
influenced by methodological heterogeneity and the use of GDP per capita-based cost-effectiveness thresholds, and
the adoption of standardised evaluation methods is essential to support policy optimisation and sustainability.

Keywords National immunization program, Cost-Effectiveness, Vaccine, China

Introduction

Immunisation is one of the most effective strategies for
disease prevention in global public health [1-3]. In 1974,
the World Health Organization (WHO) launched the
Expanded Programme on Immunisation (EPI) to pro-
vide guidance and support for improving vaccine deliv-
ery, supply, and administration worldwide [4]. Since then,
global immunisation programmes have averted approxi-
mately 154 million deaths, the vast majority among
children under five years of age, significantly improving
child survival rates, particularly in low-resource settings
[5]. China officially launched its National Immunization
Program (NIP) in 1978, initially covering four routine
vaccines, including Bacillus Calmette-Guérin (BCG),
oral polio vaccine (OPV), diphtheria-pertussis-tetanus
(DPT) vaccine, and measles vaccine, to prevent six tar-
geted infectious diseases. Over the following decades,
China gradually expanded the programme to include
additional vaccines, such as hepatitis B, hepatitis A, Japa-
nese encephalitis (JE), meningococcal vaccines targeting
Neisseria meningitidis serogroups A and C, among oth-
ers [6-9].

Since 1978, China’s NIP has markedly reduced the
incidence of targeted vaccine-preventable diseases.
For example, the incidence of pertussis declined from
126.35 to 1.58 per million, representing a 98% reduc-
tion, while the incidence of measles, meningitis, and
Japanese encephalitis decreased by 99%, 99%, and 98%,
respectively [10]. It is estimated that from 1974 to 2024,
immunisation efforts in China have prevented approxi-
mately 703.02 million cases, 2.48 million deaths, and
160.22 million disability-adjusted life years (DALYs) [11].
China has made substantial progress in controlling and
eliminating multiple vaccine-preventable diseases [12—
14], and maintaining high vaccination coverage remains
crucial for sustaining disease control.

However, expanding the NIP to include both new vac-
cines, such as pneumococcal conjugate vaccine (PCV),
rotavirus vaccine, and human papillomavirus (HPV)
vaccine, and improved formulations of existing ones
poses significant financial and institutional challenges
[15-17]. Given China’s large population and uneven
distribution of economic development and health care
resources, a central challenge for public health policy is
how to expand the NIP in a fiscally sustainable manner
while ensuring equitable and continuous access to vacci-
nation services [18]. Although the long-term health and
societal benefits of immunisation are well recognised,

the substantial upfront financial investment required for
vaccine introduction continues to hinder policy progress
[19].

Against this backdrop, high-quality economic evalu-
ations are essential to inform evidence-based immuni-
sation policymaking [20]. In recent years, a growing
number of domestic studies have assessed existing
and candidate NIP vaccines using cost-benefit analysis
(CBA), cost-effectiveness analysis (CEA), and cost-utility
analysis (CUA), providing valuable insights for decision-
making [11, 21]. However, these studies vary consider-
ably in methodological rigor, including differences in cost
components, effectiveness parameters, discount rates,
modelling structures, analytical perspectives, compara-
tors, and time horizons. Such heterogeneity limits com-
parability and synthesis of results, thereby reducing the
utility of these findings for policy formulation. This study
systematically reviews published economic evaluations of
NIP vaccines in China, analysing research characteristics,
methodological quality, and key outcomes to summarise
the economic value of immunisation and support the
optimisation and sustainability of NIP policies.

Methods

Search strategy and study selection

We conducted a comprehensive literature search across
three international databases (PubMed, Web of Science,
and Embase) and three major Chinese databases: China
National Knowledge Infrastructure (CNKI), China Sci-
ence and Technology Journal Database (CST]), and Wan-
fang Data, from database inception to 14 July 2025. The
search strategy incorporated both free-text terms and
Medical Subject Headings (MeSH) related to the eco-
nomic evaluation of vaccines included in China’s NIP.
The detailed search strategy is provided in Supplemen-
tary File S1.

The reporting of this review followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) guidelines [22]. A four-stage selection pro-
cess was used, with each stage independently conducted
by two researchers to ensure transparency and reproduc-
ibility. During the initial screening, reviewers indepen-
dently assessed titles and abstracts to exclude studies that
clearly did not meet the inclusion criteria. When abstract
information was insufficient to determine eligibility,
full texts were retrieved and assessed. Disagreements
between reviewers were resolved through discussion or
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consultation with a third researcher. The inclusion and
exclusion criteria are summarised in Table 1.

Data extraction

This study employed a self-designed, standardised data
extraction form to collect information from the included
studies. The form comprised three main sections: (1)
basic information, including author, year of publica-
tion, title, and study region; (2) study design characteris-
tics, such as type of economic evaluation, type of model
used, intervention and comparator, study population,
analytical perspective, time horizon, discount rate, and
cost-effectiveness threshold; and (3) key outcome indica-
tors, including the incremental cost-effectiveness ratio
(ICER), incremental cost-utility ratio (ICUR), and bene-
fit-cost ratio (BCR). To ensure objectivity and accuracy,
data extraction was conducted independently by two
researchers.

Quality appraisal of economic evaluations

This study conducted a dual quality assessment of the
included studies using the Consolidated Health Eco-
nomic Evaluation Reporting Standards (CHEERS 2022)
and the Quality of Health Economic Studies (QHES)
scale [23, 24]. The CHEERS 2022 checklist (28 items) was
used to evaluate reporting completeness, with each item
scored as fully reported (1 point), partially reported (0.5
points), or not reported (0 points), and the scores con-
verted to percentage-based grades (poor: <50%; moder-
ate: 50-75%; good: 76 — 5%; excellent: >95%). The QHES
instrument (16 items, total score of 100) was applied to
assess methodological rigor, using its original grading
criteria (poor, moderate, or good). To examine the rela-
tionship between the results obtained from the two tools,
we performed both Pearson and Spearman correlation
analyses to assess score consistency.

Table 1 Inclusion and exclusion criteria of literature
Criteria

Inclusion Exclusion

Population NIP target populations  Animal studies

Intervention NIP vaccines Other interventions, Com-
bined intervention

Comparator non-NIP vaccines NA

Outcome ICUR, ICER, BCR Costs/outcomes only

Study design CUA, CEA, CBA, CMA Abstract, review, comment,
peer-reviewed articles,
grey literature, no full text

Language Chinese and English NA

NIP National Immunisation Program, BCR Benefit-cost ratio, CBA Cost-benefit
analysis, CEA Cost-effectiveness analysis, CMA Cost-minimization analysis, CUA
Cost-utility analysis, ICER Incremental cost-effectiveness ratio, ICUR Incremental
cost-utility ratio, NA Not applicable
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Synthesis of results
Following established guidelines, we conducted a nar-
rative synthesis using structured tables and descriptive
analysis to summarise and compare the findings.

The protocol for this systematic review was reg-
istered on PROSPERO  (Registration = Number:
CRD420251119790).

Results

Study selection

A total of 2,335 records were identified through elec-
tronic database searches. After removing 565 duplicates,
1,770 records underwent screening based on titles and
abstracts. Following this initial screening, 1,668 records
were excluded, leaving 102 for full-text review. Ulti-
mately, 41 studies met the eligibility criteria and were
included in the systematic review. The study selection
process is detailed in the PRISMA flow diagram (Fig. 1).

Quality of included studies

Across the 41 studies, the mean CHEERS score was 66.42
(SD=12.77; range, 39.29-89.29), and the mean QHES
score was 70.63 (SD=12.68; range, 44-99), indicating
moderate reporting quality (Fig. 2). Shapiro-Wilk tests
for normality showed that both scores followed a nor-
mal distribution (p>0.05); therefore, Pearson correlation
analysis was used to examine their linear relationship.
A significant positive correlation was observed between
the two scores (Pearson r=0.80, p<0.001). Additionally,
Spearman rank correlation analysis, used to assess rank-
ing consistency, also demonstrated a significant positive
correlation (Spearman p=0.76, p <0.001). These findings
indicate that the two evaluation tools show good cor-
relation and consistency in assessing the quality of the
included studies. Detailed quality assessment results for
all 41 studies are provided in Supplementary File S2.

Study characteristics

Study settings

The final 41 papers included in this review comprised
one published in 1995, nine between 2000 and 2010,
26 between 2011 and 2020, and five between 2021 and
2025. Regarding study settings, 12 studies (29.3%) were
conducted at the national level, whereas the remaining
studies focused on the subnational settings. Of these, 22
studies were concentrated in eastern provinces, four in
western provinces, two in central regions, and one in the
northeast. In terms of vaccine types, studies related to
the hepatitis B vaccine accounted for the largest propor-
tion (n = 32). In addition, two studies evaluated meningo-
coccal vaccines [25, 26], while one study each assessed on
epidemic haemorrhagic fever [27], hepatitis A [28], BCG
[29], measles [30], JE [31], and DTP [32]. Another study
evaluated immunisation programme vaccines targeting
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Fig. 1 PRISMA flow diagram of the study selection process

eight pathogens simultaneously, including measles, per-
tussis, hepatitis B, tuberculosis, hepatitis A, Japanese
encephalitis, meningitis A, and poliomyelitis [11]. (Table

2)
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Study design of economic evaluations

A total of 19 studies applied CBA, using the economic
burden of disease averted by vaccination as the pri-
mary evaluation metric [25, 27, 28, 32—47]. Four studies
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Fig. 2 Reporting quality of included economic evaluation studies

adopted CUA, measuring outcomes in quality-adjusted
life years (QALYs) or DALYs [26, 48—50]. One study used
CEA, using the number of cases averted as the outcome
measure [51]. In addition, 17 studies employed combined
analytical approaches, including eight that applied both
CBA and CEA [30, 52-58], five that combined CUA and
CBA [11, 31, 59-61], two that used both CEA and CUA
[29, 62], and two that simultaneously performed CBA,
CEA, and CUA, simultaneously [63, 64].

Regarding study perspectives, seven studies adopted
a single analytical perspective, including six that used a
societal perspective [26, 29, 33, 45, 46, 60], one that used
a healthcare system perspective [48], and one that used a
payer perspective [30]. Ten studies adopted multiple per-
spectives, including four combined the healthcare system
and societal perspectives [11, 31, 32, 47], three combined
the payer and societal perspectives [40, 50, 62], and three
applied healthcare system, payer, and societal perspec-
tives [41, 52, 54]. The remaining 23 studies did not report
their analytical perspective.

A total of 21 studies explicitly reported the models
used. The most common approach was a combination of
decision tree and Markov models (n = 11), while fewer
studies employed a decision tree model alone (1 = 6) or
a Markov model alone (n = 5). Regarding time horizons,
most studies adopted a time horizon of more than 40
years (n = 17). Equal numbers of studies reported time
horizons of 1-10 years and 11-30 years (1 = 12 each).
Among studies reporting discount rates (n = 27), 18
applied a 3% rate [26, 29-32, 38, 41, 42, 47, 48, 50, 52, 54,
61, 62, 64], six applied a 5% rate [25, 37, 40, 45, 51, 58],
one study used both 3% and 5% in a sensitivity analysis
[11], and one study applied a specific rate of 3.38% [28].

®CHEERS ®QHES

Notably, only one study reported using differential dis-
counting (3% for costs and 1% for health outcomes) [49].
Fourteen studies did not report discounting information.
In addition, most studies conducted sensitivity analyses
(n = 25).

Regarding threshold settings for economic evaluation,
all studies that reported ICER (n=8) adopted the thresh-
old recommended by the WHO, applying one to three
times the gross domestic product (GDP) per capita as
the cost-effectiveness benchmark. In CBA studies, most
studies (m=31) considered an intervention economically
favourable if the BCR exceeded one (Table 2 and Supple-
mentary File S2).

Economic evaluation results

Health economics evaluation of hepatitis B vaccine

Many studies have focused on the health economic
evaluation of hepatitis B vaccination. A national-level
study reported that between 1992 and 2005 [58], the
total investment in neonatal hepatitis B vaccination in
China was approximately 5.35 billion CNY, generat-
ing a comprehensive economic benefit of about 272.83
billion CNY. Another national study assessed a catch-
up vaccination strategy targeting individuals under 15
years of age from 1990 to 2009, showing that the strat-
egy reduced the economic burden by 1,222.77 billion
CNY compared with no catch-up vaccination, at a cost
of 10,260.7 CNY per QALY gained [49]. A further study
simulated the short-term (2006—-2015) and medium- to
long-term (2016—2030) impacts of implementing the free
hepatitis B vaccination policy [52]. The findings indicated
that nationwide vaccination was expected to generate a
cumulative total of 12.95 billion life years (LYs) and 10.61
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Table 2 Study characteristics

Characteristic Items Number Percent

Publication year ~2000 1 2.44%
2001~2010 9 21.95%
2011~2020 26 63.41%
2021~2025 5 12.20%

Area National Level 12 29.27%
Guangdong Province 6 14.63%
Shandong Province 4 9.76%
Beijing Municipality 3 7.32%
Guizhou Province 3 7.32%
Zhejiang Province 3 7.32%
Jiangsu Province 2 4.88%
Anhui Province 1 2.44%
Hainan Province 1 244%
Hebei Province 1 244%
Liaoning Province 1 2.44%
Shanxi Province 1 244%
Shanghai Municipality 1 2.44%
Tianjin Municipality 1 2.44%
Sichuan Province 1 244%

Type of Vaccine Hepatitis B 32 78.05%

Meningococcal disease 2 4.88%
Haemorrhagic fever with renal syndrome 1 244%
Hepatitis A 1 2.44%
Tuberculosis 1 244%
Measles 1 2.44%
Japanese encephalitis 1 2.44%
Diphtheria, Tetanus, and Pertussis 1 2.44%
EPI against eight pathogens (measles, pertussis, hepatitis B, tuberculosis, hepatitis A, 1 2.44%
Japanese encephalitis, meningitis A, and
poliomyelitis)
Type of economic analysis  CBA 19 46.34%
CUA 4 9.76%
CEA 1 244%
CBA, CEA 8 19.51%
CBA, CUA 5 12.20%
CEA, CUA 2 4.88%
CBA, CEA, CUA 2 4.88%
Type of model Decision tree -Markov 10 24.39%
Decision tree 6 14.63%
Markov 5 12.20%
Not used 20 48.78%
Study perspective Societal Perspective 6 14.63%
Healthcare System Perspective 1 244%
Payer Perspective 1 2.44%
Healthcare System Perspective and Societal Perspective 4 9.76%
Payer Perspective and Societal Perspective 3 7.32%
Payer Perspective, Healthcare System Perspective, and Societal Perspective 3 7.32%
Unreported 23 56.10%
Time horizon 1-10 years 12 29.27%
11-30 years 12 29.27%

>40 years 17 41.46%
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Table 2 (continued)

Characteristic Items Number Percent

Discount rate 3% 18 43.90%
5% 6 14.63%
3% and 5% 1 2.44%
Else 2 4.88%
Unreported 14 34.15%

Threshold BCR>1 31 75.61%
Per capita GDP 8 19.51%
NA 2 4.88%

Sensitivity analysis Yes 25 60.98%
No 16 39.02%

CBA Cost-benefit analysis, CEA Cost-effectiveness analysis, CUA Cost-utility analysis, GDP Gross Domestic Product, BCR Benefit-cost ratio, NA Not applicable

billion QALYs during 2006—-2030, representing increases
of 187 million LYs and 233 million QALYs compared with
no vaccination. From healthcare system and societal per-
spectives, the cumulative BCR of the strategy over the
period 2006—-2015 was 7.96 and 7.61, respectively. These
ratios increased to 10.7 and 9.73 for the subsequent
period of 2016—2030.

Regional-level studies consistently confirmed the sig-
nificant economic benefits of hepatitis B vaccination. A
CUA conducted in Beijing from 1992 to 2013 showed
that the ICUR was negative, indicating that the vaccina-
tion strategy not only generated more QALYs but also
reduced costs [48]; during the same period, the BCR
for preventing hepatitis B-related cirrhosis was 8.58
[33]. In Dalian City, Liaoning Province, data from 2001
showed that the annual population BCR of the hepatitis
B immunisation strategy in four urban districts was 1.48
[35]. In Guangdong Province, following the inclusion of
the hepatitis B vaccine in the immunisation programme
from 2002 to 2006, the cumulative net benefit over four
years was approximately 796 million CNY, with a BCR
of 9.86 [36]. In Guizhou Province (1999-2016), the cost
per case averted for hepatitis B surface antigen carriers,
chronic hepatitis B, cirrhosis, and liver cancer was 579.79
CNY, 78.09 CNY, and 359.12 CNY, respectively [51]. In
Hainan Province, from 2004 to 2009, the hepatitis B vac-
cination strategy reduced 127,945 DALYs, at a cost of
113.50 CNY per DALY averted, yielding a total benefit
of 8.12 billion CNY and a BCR as high as 511:1 [59]. In
Ningbo City (2002-2017), an investment of 53.81 million
CNY reduced 12,480 hepatitis B cases and 232 deaths,
resulting in a BCR of 20.29 [53]. In Rizhao City (1993—
2009), the net benefit was 127 million CNY, with a BCR
of 19.17 [39]. In Shanghai (1992-2001), the BCR was as
high as 172:1 [63]. In Shijiazhuang City, the total BCR
of the neonatal immunisation strategy was 32.52, with
a net benefit of 170 million CNY [42]. In Sichuan Prov-
ince, the BCR of hepatitis B vaccination was 3.85:1, with
a net benefit of approximately 116 million CNY [55]. In
Tianjin, the net benefit of hepatitis B vaccination reached

47.31 billion CNY, with a BCR as high as 1213:1 [56]. In
Wuxi City (1994-2012), neonatal vaccination generated
a cumulative benefit of 4.54 billion CNY, with a BCR of
216:1 [43]. In Bengbu City, disease-avoidance benefits
were approximately 44,353 CNY, with a BCR of 3.94 [44].
In Yantai City, the BCR was 75.04:1, with a net benefit
of 2.73 billion CNY and a cost of 846.72 CNY per DALY
averted [64]. In Huizhou City, Guangdong Province, the
BCR from 2002 to 2011 was 10.28, with a net benefit of
155 million CNY [57].

Several studies have evaluated the economic impact
of hepatitis B vaccination strategies targeting the pre-
vention of mother-to-child transmission (PMTCT).
Compared with routine vaccination, PMTCT strategies
demonstrated greater economic benefits. At the national
level, implementing PMTCT compared with no vaccina-
tion saved an average of 37,829.7 CNY per person. Com-
pared with universal neonatal vaccination, PMTCT saved
239.8 CNY per person [62]. Another study, using the
expected life expectancy of the target population as the
simulation horizon, reported a net benefit of 12,283.50
USD per person and a BCR of 12.66:1 for PMTCT, which
was higher than that of universal vaccination (9.49:1)
[61]. Local studies also supported these findings. For
example, a study conducted in Shenzhen in 2013 showed
that PMTCT yielded a net present value of 38,097.51
CNY per person with a BCR of 14.37:1, whereas univer-
sal neonatal vaccination resulted in a net present value of
37,083.03 CNY per person with a BCR of 12.07:1 [54].

Economic evaluation of other vaccines

Other NIP vaccination strategies have also demonstrated
high economic value. One study evaluating vaccines
against eight pathogens (measles, pertussis, hepatitis B,
tuberculosis, hepatitis A, Japanese encephalitis, meningi-
tis A, and poliomyelitis) found that over a 50-year period,
implementing the immunisation program incurred a total
cumulative cost of 124.06 billion USD from a societal
perspective, whereas the total benefit reached 2,417.85
billion USD. Accordingly, the overall BCR of China’s
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Expanded Programme on Immunisation was 19.48;
from the healthcare provider perspective, the ratio was
also as high as 8.02 [11]. An evaluation of the economic
impact of implementing a meningococcal polysaccharide
vaccine strategy for the 2022 birth cohort indicated an
ICUR of 5,640 CNY/QALY compared with no vaccina-
tion, suggesting that the strategy is cost-effective within
acceptable thresholds [26]. Another study conducted
in Guizhou Province from 1990 to 2015 showed that
meningococcal polysaccharide vaccination among eli-
gible children generated a net economic benefit of 10.29
billion CNY, with a BCR of 13.54:1 [25]. Research on vac-
cinating children under five years of age with DTP vac-
cine reported lifetime direct cost savings of 46.99 billion
USD and total societal savings of 82.01 billion USD [32].
From 2006 to 2011, BCG vaccination prevented one case
of tuberculous meningitis and one case of miliary tuber-
culosis at costs of 85,978 CNY and 197,959 CNY, respec-
tively, indicating high cost-effectiveness [29]. In Guizhou
Province, a study evaluating JE vaccination over 65 years
in a population of 100,000 reported a cost of 95.5 USD
per DALY averted, which was lower than China’s per
capita GDP in 2009 [31]. In Zhejiang Province, a 40-year
long-term evaluation of measles vaccination showed a
BCR of 6.06 and a net present value (NPV) of 73.38 mil-
lion USD [30]. In Guangdong Province, following the
inclusion of the live attenuated hepatitis A vaccine in the
immunisation programme in 2010, the total investment
cost was 41.56 million CNY, resulting in 72,417 fewer
hepatitis A cases, equivalent to an investment of approxi-
mately 573.84 CNY per case averted. The cumulative net
benefit was about 292 million CNY, with a BCR of 8.02:1
[28]. In Baoji City, implementation of the haemorrhagic
fever with renal syndrome vaccination strategy from
2008 to 2018 resulted in a cumulative net benefit of 8.63
million CNY [27].

Discussion

This review systematically synthesised evidence on the
health economic evaluations of various vaccination
strategies within China’s NIP. The findings consistently
indicate that vaccines currently included in the NIP—
particularly hepatitis B, measles, BCG, hepatitis A, and
meningococcal vaccines—demonstrate substantial eco-
nomic value at both national and regional levels. From
both the healthcare system and societal perspectives,
most studies reported favourable economic outcomes,
highlighting the effectiveness of immunisation pro-
grammes in reducing disease burden and the efficiency of
public financial investment.

Hepatitis B vaccination is the most intensively studied
vaccine type within the NIP, with numerous studies span-
ning a wide timeframe (from the 1990s to the present)
and extensive geographic coverage. Both national- and
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provincial-level analyses consistently demonstrated
very high net benefits and BCRs, with some cities even
exceeding 100:1. For example, Shanghai reported a BCR
of 172:1 for 1992-2001 [63], Tianjin reported 1213:1 for
1992-2010 [56], and Wuxi achieved 216:1 over 19 years
of implementation [43], reflecting the cumulative health
gains and economic savings of long-term immunisation
strategies. With the vaccine’s strong effectiveness, robust
local financial subsidies, and high coverage rates, vac-
cine investment yields substantial social returns. Nota-
bly, multiple studies have confirmed that the PMTCT for
hepatitis B is more cost-effective than routine universal
neonatal vaccination. Both Shenzhen and national mod-
elling studies showed that this strategy not only reduces
the incidence of chronic HBV infection but also outper-
forms universal vaccination in terms of per capita cost
and BCR [54, 62]. In terms of vaccination strategies, inte-
grated approaches such as “routine immunisation plus
catch-up vaccination,” “PMTCT plus universal vaccina-
tion,” and “intensified immunisation plus routine vacci-
nation” often outperform single strategies, particularly in
high-prevalence areas or populations with low coverage
40, 49].

In contrast, fewer studies have evaluated the economic
value of other NIP vaccines, yet they also demonstrated
favourable returns. For example, the meningococcal vac-
cine had a BCR of 13.54:1 in Guizhou Province, and the
simulated ICUR for the 2022 national birth cohort was
5,640 CNY/QALY, both within acceptable cost-effec-
tiveness thresholds [25, 26]. The DTP vaccine, due to its
broad target population and long history of administra-
tion, exhibited substantial lifetime cost-saving poten-
tial—approximately 47 billion USD in direct savings and
82 billion USD in societal savings [32]. Although BCG
vaccination has limited impact in most populations, it
showed significant benefits in preventing tuberculous
meningitis and disseminated tuberculosis, with costs of
less than 2,000 CNY per DALY averted, indicating good
cost-effectiveness [29]. It is noteworthy that the disease
burden and transmission mechanisms associated with
each vaccine considerably influence economic outcomes.
Vaccine type, target population, strategy combinations,
local financial support mechanisms, and baseline vac-
cination coverage collectively determine the economic
benefits of immunisation strategies. Strengthening coor-
dination across regions in identifying target popula-
tions, optimising strategy design, and aligning financing
mechanisms is expected to further enhance the equity
and sustainability of the NIP nationwide. Moreover,
when formulating national immunization strategies, both
domestic and international experiences have shown that
adopting systematic and innovative intervention mod-
els can effectively enhance the capacity and efficiency of
public health services [65, 66].
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Despite the overall consistency of findings, the
included studies exhibited substantial methodological
heterogeneity. Some studies adopted a single perspec-
tive, while others applied multiple combined perspec-
tives. However, nearly half of the studies did not clearly
report their analytical perspective, limiting transparency
and comparability in interpreting cost components. Dif-
ferences were also observed in discount rates, time hori-
zons, and model choices. Although most studies applied
a 3% discount rate, some used 5% or did not specify
discounting, and the time horizons ranged from 1 year
to 50 years. Results from long-term simulation studies
were often highly sensitive to parameter assumptions.
Moreover, only about half of the included studies applied
explicit modelling approaches, primarily limited to deci-
sion trees or Markov models, while the remainder did
not employ structured modelling frameworks. Vaccine
interventions constitute a public health issue character-
ized by interdependencies, feedback loops, and nonlin-
ear interactions among multiple factors. Thus, adopting
complex systems modelling approaches—such as system
dynamics, agent-based models, or discrete-event simula-
tion—could more effectively simulate the actual impact
pathways within such complex systems [67]. Most stud-
ies reporting a cost-effectiveness threshold adopted the
WHO-recommended benchmark of one to three times
GDP per capita. However, as a generic metric, it lacks
specificity and does not reflect country-specific health
opportunity costs—the health benefits forgone when
resources are allocated elsewhere [68, 69]. Future evalua-
tions should therefore incorporate local opportunity cost
estimates to better inform resource allocation decisions
for NIP vaccines.

With increasing pressure to introduce new vaccines
(e.g., HPV, pneumococcal, and rotavirus vaccines), there
is an urgent need for economic evaluations to support
the inclusion of future vaccines into the NIP. Future
studies should adopt more standardised methodologi-
cal practices, such as explicitly reporting discount rates
and thresholds, improving transparency in modelling
approaches, and conducting uncertainty analyses to pro-
vide more robust evidence for policy decisions. In addi-
tion, future research should focus on: (1) conducting
cross-regional comparisons to reveal cost differences
and distribution of health benefits underlying regional
inequalities; (2) incorporating real-world data for model
parameter calibration to improve external validity; and
(3) expanding economic evaluations to older adults and
special populations, which remain underrepresented in
current studies.

This study has several limitations. First, there was
substantial methodological heterogeneity across the
included studies, which poses challenges for direct com-
parisons of findings. Second, this review was restricted
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to literature published in Chinese and English. Despite
a comprehensive search, some relevant information may
have been missed, leading to potential omissions. Third,
the selection of cost-effectiveness thresholds represents
an additional limitation. Given substantial regional dis-
parities in economic development across China, the
application of GDP per capita—based thresholds may not
adequately reflect differences in fiscal capacity, disease
burden, and health system efficiency across regions, and
may risk classifying interventions that displace higher-
value health gains as cost-effective. Fourth, regarding
quality appraisal, it is important to note that the CHEERS
checklist assesses the quality of reporting, not of the
study itself. Therefore, coupling it with the QHES instru-
ment constitutes a robust strategy for a more compre-
hensive evaluation. Finally, given the heterogeneity in
study designs, we conducted a narrative synthesis of the
results rather than a quantitative meta-analysis.

Conclusion

The evidence consistently supports the cost-effective-
ness of NIP vaccines. Specifically, hepatitis B vaccination
demonstrates the most robust and extensive body of eco-
nomic evidence, while other vaccines currently included
in China’s NIP, including measles, BCG, DTP, hepatitis
A, meningococcal, and Japanese encephalitis vaccines,
have also been consistently shown to be cost-effective
across the reviewed studies. Vaccine type, target popu-
lation, strategy combinations, local financial support
mechanisms, and baseline vaccination coverage collec-
tively determine the economic benefits of immunisation
strategies. In the context of limited healthcare resources,
promoting standardised and methodologically rigorous
vaccine economic evaluations will facilitate more evi-
dence-based optimisation of vaccine inclusion strategies,
resource allocation, and policy formulation.
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