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Promoting higher-valent pediatric s

combination vaccines in China: challenges
and recommendations for action
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Abstract

Many countries have adopted higher-valent pediatric combination vaccines to simplify vaccination schedules

and minimize health expenditures and social costs. However, China is conservative in the use of pediatric combina-
tion vaccines. By reviewing and synthesizing quantitative and qualitative data, in this commentary we identify gaps
and challenges to combination vaccine use and make recommendations for promoting use of higher-valent pediatric
combination vaccines in China. Challenges are in four dimensions: (1) legislation and regulation, (2) immunization
schedule design, (3) vaccine awareness and price, and (4) research and development capacity. To optimize the use
of combination vaccines to reduce vaccine-preventable disease burden, we make recommendations that address
key challenges: (1) develop policies and regulations to strengthen enforcement of the Vaccine Administration Law
and remove regulatory hurdles that hinder combination vaccine research and development, (2) establish an evi-
dence-informed policy-making mechanism for combination vaccines, (3) resolve immunization schedule conflicts
between monovalent and combination vaccines, and (4) implement effective interventions to increase vaccine
awareness and reduce price.
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Background

Diphtheria, tetanus, and pertussis (DTP) trivalent vac-
cines were invented in the 1940s [1] and continued to
serve as a foundation of immunization programs. Fifty
years later, antigens from poliovirus, hepatitis B (HepB)
virus, and Haemophilus influenzae type b (Hib) were
added to existing trivalent vaccines to make higher-
valent vaccines. These higher-valent pediatric combina-
tion vaccines have demonstrated many advantages over
monovalent, bivalent, and trivalent vaccines. Tetravalent,
pentavalent, and hexavalent vaccines improve compli-
ance and timeliness of vaccination [2], reduce healthcare
professionals’ workloads [3] and risk of needlestick inju-
ries [4], decrease the number of injections to save space
for more new antigens in vaccination schedule, simplify
immunization procedures [5], increase vaccination cov-
erage [6], and minimize healthcare expenditures [7].

Due to these advantages, both developing and devel-
oped countries are promoting the use of higher-valent
pediatric combination vaccines for improved cost-effec-
tiveness and better health outcomes. As of 2018, pen-
tavalent vaccines have been included in 132 countries’
National Immunization Programs (NIPs) or Expanded
Programs on Immunization (EPIs) [8]. In 2019, hexava-
lent vaccines became available in more than 100 coun-
tries, with 35 countries had included hexavalent vaccines
in their NIPs [9]. GAVI, the Vaccine Alliance, is an inter-
national organization that has contributed greatly to
reducing the global burden of vaccine-preventable dis-
eases (VPDs) by providing pentavalent vaccine to the 73
least-developed countries in the world. Between 2000 and
2022, full coverage with pentavalent vaccines rose from
less than 1% to 82% in the 57 GAVI-supported countries
[10]. China had achieved an overall coverage rate of 90%
for NIP vaccines [11], yet it falls behind in the use, license
granting mechanisms, and research and development of
higher-valent pediatric combination vaccines. China’s
NIP includes only two trivalent vaccines—diphtheria,
tetanus, and acellular pertussis (DTaP) and measles,
mumps, and rubella (MMR) vaccines, both of which were
introduced in 2008 [12]. Moreover, since higher-valent
pediatric combination vaccines are self-paid, non-NIP
vaccines in China, their coverage levels remain low over-
all, and lowest in areas with poorer socioeconomic devel-
opment [13-15].

In this commentary, we (1) identify gaps in inclusion
and coverage of relevant pediatric combination vaccines
in NIPs, contrasting China with selected developing and
developed countries, (2) analyze the main challenges of
promoting combination vaccines, and (3) propose actions
to improve use of combination vaccines in China that
are aligned with strategic priority goals of Immuniza-
tion Agenda 2030 (IA2030) relating to access to vaccines,
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equitable and high vaccine coverage, and innovation in
vaccine use and development.

We collected, reviewed, and synthesized both quanti-
tative and qualitative data from the English and Chinese
scientific literature, policy documents issued by govern-
ments, position papers and research reports generated
by international organizations, original databases such
as the WHO Immunization Data Portal, and the grey lit-
erature. We focused on vaccines containing antigens that
shows great efficacy and safety and have been used exten-
sively for decades, including DTaP, Hib, IPV, HepB, and
MMR. We obtained relevant vaccine prices and informa-
tion about immunization schedules from the U.S. Center
for Disease Control and Prevention (US CDC), the Pan
American Health Organization (PAHO), UNICEF, and
Chinese government websites. We selected several high-
income and low- and middle-income countries (LMICs)
that were early adopters of pediatric combination vac-
cines and have achieved relatively high coverage for an
in-depth, comparative analysis.

Gaps in the use of higher-valent pediatric combination
vaccines between China and other countries

Pediatric combination vaccines have been included in
many developed countries’ NIPs [4], which means that
they are funded by government and provided to the pub-
lic free of charge. These vaccines are often updated with
higher-valent vaccines as they become available. The
U.K. provides routine immunization services through the
National Health Service (NHS). In 2017, NHS replaced
DTaP-IPV-Hib pentavalent vaccine with DTaP-HepB-
IPV-Hib hexavalent vaccine, providing infants born after
August 1, 2017 with protection from Hepatitis B virus
infection [16] (Table 1). The U.S. federal government-
funded Vaccines for Children (VEC) program provides
several pediatric combination vaccines free of charge to
families of children who are Medicaid-enrolled, unin-
sured, American Indian/Alaska Native, or underinsured
and served in a federally-qualified health center [17].
GAVI provides DTwP-Hib-HepB pentavalent vaccine for
children in low-income countries to boost low uptake
of Hib and HepB vaccines by making them part of rou-
tine immunization programs [18]. Malaysia, a pioneer
in using higher-valent pediatric combination vaccines
among middle-income countries ineligible for GAVI sup-
port, introduced DTwP-Hib-HepB vaccine in its National
Immunization Program in 2006, replacing it with DTaP-
Hib-HepB vaccine in 2008, and updating to hexavalent
DTaP-HepB-IPV-Hib vaccine in 2020 [19]. The Min-
istry of Health (MoH) of Malaysia acts as funder, pro-
vider, and regulator for all routine immunizations [20].
Brazil replaced DTP vaccines with DTP-Hib in 2003
and upgraded this tetravalent vaccine to a pentavalent
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Table 1 Higher-valent combination vaccines (MMR +& DTP +) covered by the National Immunization Programs in China and selected

countries

Country Tetravalent vaccines Pentavalent vaccines Hexavalent vaccines

China - - -

us. DTaP-IPV DTaP-IPV-Hib DTaP-HepB-IPV-Hib
MMR DTaP-IPV-HepB

UK. DTaP-IPV - DTaP-HepB-IPV-Hib

Germany MMR - DTaP-HepB-IPV-Hib

Singapore - DTaP-IPV-Hib -

Malaysia - - DTaP-HepB-IPV-Hib

Brazil - DTwP-Hib-HepB -

Cambodia (GAVI-supported) -

DTwP-Hib-HepB -

- means not applicable

DTaP-IPV Diphtheria, tetanus, acellular pertussis, and polio; MMR Measles, mumps, and rubella; DTaP-Hib Diphtheria, tetanus, acellular pertussis, and Haemophilus
influenzae type b; DTaP-IPV-HepB Diphtheria, tetanus, acellular pertussis, polio and hepatitis B; DTaP-HepB-IPV-Hib Diphtheria, tetanus, acellular pertussis, hepatitis B,
polio, and Haemophilus influenzae type b; DTwP-Hib-HepB Diphtheria, tetanus, whole cell pertussis, Haemophilus influenzae type b, and hepatitis B

vaccine in 2012 [21]—all purchased through the PAHO
Strategic Fund by Brazil's MoH [22].

China remains conservative in the inclusion of higher-
valent pediatric combination vaccines into NIPs in com-
parison to other countries (Table 2). China’s NIP was
launched in 1978 in response to a call from the World
Health Organization (WHO). Diphtheria, tetanus, and
whole cell pertussis (DTwP) vaccine and live attenuated
measles vaccine were included in the original NIP sched-
ule and were subsequently replaced by DTaP and MMR
vaccines in 2008 (Fig. 1). Although dramatic declines in
morbidity occurred in most of the 11 childhood VPDs
targeted in routine immunization [23], other than IPV
in 2016, China has not included any new vaccines in the
NIP system over the past 15 years (Table 3), vaccines
such as pneumococcal conjugate vaccines (PCV), human
papillomavirus (HPV) and rotavirus vaccines that have
been widely used in many countries are not provided
through China’s NIP, and is the only WHO Member

State that has not included Hib vaccine in the NIP [24].
Pediatric tetravalent vaccine and IPV were not licensed
in China until 2009, and a pentavalent vaccine was only
approved in 2010. At present, no hexavalent vaccine is
available. All higher-valent pediatric combination vac-
cines are categorized as non-NIP vaccines, meaning that
they are family-paid optional vaccines that can substitute
for their lower-valent program vaccine equivalents while
including more antigens.

Coverage of non-NIP vaccines is generally low in
China, and recent research findings show that pediat-
ric tetravalent and pentavalent have the lowest cover-
age levels of all non-NIP vaccines. Among 343 children
whose families could have opted for a tetravalent vac-
cine, only 0.58% elected to pay for the tetravalent vac-
cine, and among 171 children whose family could have
opted for a pentavalent vaccine, only 3.51% did so [13].
Coverage of higher-valent pediatric combination vac-
cines demonstrates regional disparities, as areas with

Table 2 Higher-valent pediatric combination vaccines and the timeline included in the NIPs in selected countries

Category us. UK. Germany Singapore Malaysia Brazil Cambodia China
Tetravalent vac- ~ MMR (2006) DTaP-IPV (2004)  MMR (2004) - MMR (2013) - -
cines DTaP-IPV (2008) DTaP-IPV (2006)
Pentavalent DTaP-HepB-IPV - - DTaP-IPV-Hib - DTwP-Hib-HepB  DTwP-Hib-HepB -
vaccines (2003) (2016) (2012) (2005)

DTaP-IPV-Hib

(2008)
Hexavalent vac-  DTaP-IPV-Hib- DTaP-IPV-Hib- DTaP-IPV-Hib- DTaP-IPV- - - -
cines HepB (2019) HepB (2017) HepB (2000) Hib-HepB

(2020)

- means not applicable

MMR Measles, mumps, and rubella; DTaP-IPV Diphtheria, tetanus, acellular pertussis, and polio; DTaP-HepB-IPV Diphtheria, tetanus, acellular pertussis, hepatitis B,
and polio; DTaP-IPV-Hib Diphtheria, tetanus, acellular pertussis, polio, and Haemophilus influenzae type b; DTwP-Hib-HepB Diphtheria, tetanus, whole cell pertussis,
Haemophilus influenzae type b, and hepatitis B; DTaP-IPV-Hib Diphtheria, tetanus, acellular pertussis, polio, and Haemophilus influenzae type b; DTaP-IPV-Hib-HepB
Diphtheria, tetanus, acellular pertussis, polio, Haemophilus influenzae type b, and hepatitis B
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Fig. 1 Timeline of relevant vaccine licensures and inclusions into China's National Immunization Programs system. DTwP Diphtheria, tetanus,
and whole cell pertussis; DT Diphtheria, tetanus; Td Tetanus-diphtheria; HepB Hepatitis B; DTaP Diphtheria, tetanus, acellular pertussis; Hib
Haemophilus influenzae type b; MM Measles and mumps; MMR Measles, mumps, and rubella; MR Measles and rubella; NIP National Immunization
Program; DTaP-Hib Diphtheria, tetanus, acellular pertussis, and Haemophilus influenzae type b; IPV Inactivated poliovirus vaccine; DTaP Diphtheria,
tetanus, and acellular pertussis; DTaP-IPV-Hib Diphtheria, tetanus, acellular pertussis, polio, and Haemophilus influenzae type b

higher socioeconomic development achieve higher
vaccination coverage. In a study conducted in Beijing
among 480 children 0 to 3 years of age, coverage of
the first dose of pentavalent vaccine was 12.08% [25],
a finding that is consistent with results (11.81%) from
another Beijing study [26]. In regions with lower socio-
economic development, coverage of pentavalent vac-
cine ranges from 3.64% to 9.57% [14, 15].

In contrast, countries that have included higher-
valent pediatric combination vaccines in their NIPs
have significantly higher coverage of combination vac-
cines. For example, NHS data show that hexavalent
vaccine coverage was 93.5% among 24-month-old chil-
dren in 2022 [27]. In Malaysia, the National Health
and Morbidity Survey (NHMS) showed that full-series
coverage with pentavalent vaccines was 86.4% in 2016
[28]. Low-income countries also achieve relatively high
levels of higher-valent vaccine coverage. Cambodia’s
Demographic and Health Survey shows that 84.1% of

children 12-23 months of age received three doses of
DPT-HepB-Hib vaccine in 2022 [29].

Challenges promoting higher-valent pediatric
combination vaccines in China

Challenges promoting higher-valent pediatric combina-
tion vaccines in China arise from several aspects, includ-
ing regulation and legislation, immunization program
design, vaccine awareness and acceptance, research and
development (R&D), and vaccine supply.

First, although the Vaccine Administration Law of 2019
encourages combination vaccine innovations, there has
been deficient policy support to accelerate implemen-
tation. Before July 2022, pharmaceutical companies in
China were required to have monovalent vaccines indi-
vidually approved before producing combination vac-
cines that contain the same antigens as components [30].
After establishment of the Rules on the Administration
of Vaccine Manufacturing and Distribution in July 2022,
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contract manufacturing of combination vaccines by dif-
ferent pharmaceutical companies was allowed but can
only be approved when both the grantor and the grantee
have been evaluated and verified by the National Medi-
cal Products Administration [31]. No new combination
vaccines have entered the market subsequent to the new
rules. Local CDC experts expressed concern about being
able to attribute adverse events following immuniza-
tion to specific vaccines and favor monovalent vaccines
because they can more easily determine which antigens
causes which adverse event and help attribute respon-
sibility for adverse event between CDCs and healthcare
facilities [32].

Second, including higher-valent pediatric combina-
tion vaccines in China’s National Immunization Program
is time-consuming and requires solutions to potential
immunization schedule conflicts. In 2019, the Vaccine
Administration Law mandated the necessity of evidence-
based recommendations to the National Health Com-
mission (NHC) for inclusion of new vaccines into China’s
National Immunization Program [33]. For example,
although the National Immunization Advisory Commit-
tee (NIAC) has rendered opinions on Hib vaccines in
2018 and 2019 [34], evidence required for program inclu-
sion is still being collected, which includes assessment of
disease burden, cost-effectiveness, safety and effective-
ness of the vaccine, and assured domestic supply. Par-
ticularly, the evidence collection is hindered by the lack
of high-quality data on the disease burden caused by Hib
infections, which is underestimated in China due to the
wide and over-utilization of antibiotics. The process of
evidence gathering as well as decision making has there-
fore been slow.

In addition, there are differences in the monovalent
HepB schedule and HepB-containing combination vac-
cine schedule (Table 4). Research and careful program
evaluation have proven that providing timely HepB
monovalent vaccine birth doses to newborns is critically
important for preventing mother-to-child transmission
of hepatitis B virus. Since the inclusion of monovalent
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HepB vaccines in China’s National Immunization Pro-
gram, the prevalence of chronic hepatitis B virus infec-
tion among children under 5 years of age has decreased
by over 95%, from 9.7% to less than 1%, and the sero-
prevalences of hepatitis B surface antigen among children
aged 5-9 and 10-14 years have decreased by 86% and
72%, respectively [35]. In accordance with China’s cur-
rent immunization schedule, newborns are given three
doses of monovalent HepB vaccine: at birth, 1 month,
and 6 months of age. HepB-containing combination vac-
cines, however, are given in different schedules. Hexava-
lent HepB-containing combination vaccines are given at
6 weeks, 10 weeks, and 14 weeks of age, or at 2 months,
4 months, and 6 months of age [36]. Resolving the dif-
ferences in the schedule while maintaining effective
infection prevention levels are challenging for China, a
country with a high burden of hepatitis B [37].

Fourth, low awareness and high price are other impor-
tant hurdles behind the low uptake of the higher-valent
combination vaccines [38]. A recent study showed gen-
eral low awareness of non-NIP vaccines, and awareness
of pediatric pentavalent vaccines was lowest [39]. Based
on a study conducted in the well-developed Dongcheng
District of Beijing, among 183 parents, only 21.31% (39)
had heard of pentavalent vaccine and only 10.93% knew
that higher-valent pediatric combination vaccines could
substitute for program vaccines [40]. In underdeveloped
regions, awareness of higher-valent pediatric combina-
tion vaccines is lower due to the lack of education and
immunization campaigns and insufficient knowledge of
healthcare providers [41]. A systematic review showed
that concerns about vaccine safety, reactogenicity, effi-
cacy, effectiveness, and protection influence vaccine
hesitancy toward non-NIP vaccines in China, but high
price plays a more important role in discouraging Chi-
nese parents to vaccinate their children with family-paid
combination vaccines [41]. The latest Shanghai municipal
government contract price of a dose of domestic tetrava-
lent vaccine is CNY 368 (USD 51), and the price of a dose
of imported pentavalent vaccine is CNY 599 (USD 83)

Table 4 Immunization schedules of U.S. FDA-licensed higher-valent combination vaccines

Vaccine Trade name (year licensed) Age range Routinely recommended ages

DTaP-IPV Kinrix (2008) 4-6years  5th dose of DTaP, and 4th dose of IPV between 4 and 6 years of age
DTaP-IPV Quadracel (2015) 4-6years  5th dose of DTaP, and 4th or 5th dose of IPV between 4 and 6 years of age
DTaP-IPV-Hib Pentacel (2008) 6 weeks—4 years  4-dose series at 2, 4, 6, and 15-18 months of age

DTaP-HepB-IPV
DTaP-IPV-Hib-HepB

Pediarix (2002)
Vaxelis (2018)

6 weeks—6 years
6 weeks—4 years

3-dose series at 2,4, and 6 months of age
3-dose series at 2, 4, and 6 months of age

DTaP-IPV Diphtheria, tetanus, acellular pertussis, and polio; DTaP-IPV-Hib Diphtheria, tetanus, acellular pertussis, polio, and Haemophilus influenzae type b; DTaP-HepB-
IPV Diphtheria, tetanus, acellular pertussis, hepatitis B, and polio; DTaP-IPV-Hib-HepB Diphtheria, tetanus, acellular pertussis, polio, Haemophilus influenzae type b, and

hepatitis B
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[42]. Both of these prices exceed the global average price
and pose heavy financial burdens for Chinese parents
[43—-45] (Table 5).

Lastly, Chinese pharmaceutical companies face
research and development bottlenecks when develop-
ing higher—valent pediatric combination vaccines. Most
combination vaccines, including DTaP-containing vac-
cines that are covered by the National Immunization
Program, undergo a copurification process in manufac-
turing, during which thimerosal is added as a preserva-
tive [46]. However, thimerosal has a detrimental effect
on IPV antigens, which can cause the poliovirus capsid
to lose antigenicity [47]. The only domestic tetravalent
vaccine is produced by Beijing Minhai Biotechnology
Co., Ltd., which uses the same process as the U.S. and
Europe, whose antigen components are separated before
purification [48]. China only has imported pentavalent
vaccines, and the volume of vaccine allocated to the Chi-
nese market by vaccine companies, the process of cus-
toms clearance, and the timing of import inspection can
affect timeliness of importation and supply. Each batch
of imported vaccines is required to pass an inspection
period of 3-6 months, which occupies approximately
25% of the vaccine shelf life (usually 2 years). Imported
vaccines often fail to obtain certificates for release [49].
Thus, both the supply of domestic tetravalent and of
imported pentavalent vaccines cannot meet the demand
despite the low awareness of these vaccines among the
general public.

Recommendations
We propose several recommendations to overcome the
above challenges and promote higher-valent pediatric
combination vaccines in China.

First, develop and implement supporting policies that
strengthen enforcement of the Vaccines Administration

Table 5 China, PAHO, and U.S. CDC contract prices per dose in 2022
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Law’s articles on combination vaccines. For example,
Article 14 states that the State shall make research and
development plans according to such factors as preva-
lence of diseases and population immunity and arrange
necessary funds to support the development of novel
vaccines such as combined polyvalent vaccines. Policy
or regulatory actions could guide developers and manu-
facturers to produce concrete research and develop-
ment plans over a given timeframe. Additionally, these
actions could work to encourage combination vaccine
development with accelerated approval pathways for
licensure, develop proper intellectual property protec-
tions that incentivize innovation while not harming
the vaccine accessibility, or support a regulatory needs
assessment for actions that accelerate combination vac-
cine development and approval. Specifically, key regu-
latory hurdles should be removed to promote clinical
trials of vaccine co-administration and simplify vaccine
development and registration procedures. For instance,
in China, applicants and marketing authorization hold-
ers (MAH) must be the same entity and are constrained
to be pharmaceutical companies or research institutions
that have obtained relevant product registration certifi-
cations. While in Europe and the U.S., applicants can be
any individual, company, research institute, or organiza-
tion. During the marketing authorization stage, the Euro-
pean Union (EU) allows applicants to submit previously
awarded Vaccine Antigen Master File (VAMF) certifi-
cates that contain all relevant information of biological,
pharmaceutical, and chemical nature for a given vaccine
antigen if partial antigenic components of the new com-
bination vaccines are identical to the vaccines from the
same marketing authorization applicant or MAH [50].
The Center for Biologics Evaluation and Research (CBER)
of US. Food and Drug Administration (FDA) permits
a “case-by-case” approach to discuss use of technical

Vaccine type China PAHO GAVI U.Ss.CDC
Tetravalent vaccines DTaP-Hib DTaP-IPV DTaP-HepB DTaP-IPV
USD 51.00 UsD 13.00 USD 0.69 (2012) USD 46.00-47.00
DTaP-Hib MMRV
USD 0.69 (2009) USD 165.00
Pentavalent vaccines DTaP-IPV-Hib DTaP-IPV-Hib DTaP-HepB-Hib DTaP-IPV-Hib
USD 83.00 UsD 16.00 UsD 0.75-1.15 USD 68.00
DTaP-IPV-HepB
USD 64.00
Hexavalent vaccines N/A DTaP-HepB-IPV-Hib DTaP-HepB-IPV-Hib DTaP-HepB-IPV-Hib
UsD 21.00 USD 2.85-4.90 (2024) USD 98.00

DTaP-Hib Diphtheria, tetanus, acellular pertussis, and Haemophilus influenzae type b;DTaP-IPV Diphtheria, tetanus, acellular pertussis, and polio; DTaP-HepB Diphtheria,
tetanus, acellular pertussis, hepatitis B; DTaP-IPV-Hib Diphtheria, tetanus, acellular pertussis, polio, and Haemophilus influenzae type b; DTwP-Hib-HepB Diphtheria,
tetanus, whole cell pertussis, Haemophilus influenzae type b, and hepatitis B; DTaP HepB-IPV-Hib- Diphtheria, tetanus, acellular pertussis, hepatitis B, polio, and

Haemophilus influenzae type b
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information on the marketed component antigens with
the applicants when approving new combination vac-
cines [51]. Actions taken by National Medical Products
Administration (NMPA) thus far, such as allowing a
combination vaccine maker to include antigens made
by different manufacturers, clearly favor development of
combination vaccines [31]. Through strategic regulation
and policy, NMPA and NHC could use their power to
accelerate combination vaccine development.

Second, a National Immunization Advisory Committee
(NIAC) technical working group should be established
and functioned to support evidence-informed policy-
making for pediatric combination vaccines. The term of
reference and working mechanism of NIAC need to be
clearly defined. The technical group could be composed
of NIAC members, public health professionals, academic
experts, regulators, and clinicians. To ensure effective-
ness of such a technical work group, voices from senior
leaders of key stakeholders such as NHC, NMPA, and
the Ministry of Finance should be included. NIAC could
play an important role of suggesting combination vac-
cines that would be good for the National Immunization
Program and for children by collecting and synthesizing
high-quality evidence on disease burden, vaccine effi-
cacy, safety, and cost-effectiveness. NIAC could review
the entire NIP schedule to identify potential combina-
tion vaccines most favorable for program efficiency and
effectiveness. NIAC could hold sessions on combination
vaccines that include presentations by manufacturers and
key stakeholders for a comprehensive assessment of the
necessity of promoting combination vaccines and make a
feasible plan to prioritize different combination vaccines
step by step. For example, IPV-included combination
vaccines, such as DTaP-IPV-Hib or DTaP-HepB-IPV-
Hib could reduce injections, reduce vaccination clinic
visits, and keep polio population immunity high. Both
combination vaccines are in use globally and are produc-
ing good results, for example, nearly 100% trial enrollees
achieved seroprotection against target antigens [52, 53].

Third, national immunization schedule needs to be
regularly updated to resolve immunization schedule
differences between monovalent and combination vac-
cines based on disease burden, clinical effectiveness, and
international experience and research. The immuniza-
tion schedule difference between monovalent HepB and
HepB-containing combination vaccines is a good exam-
ple. Considering the high disease burden of hepatitis B
in China, it is essential to continue using the monovalent
HepB birth dose and conducting evaluations to ensure
that a schedule with the birth dose followed by a hexava-
lent HepB-containing combination vaccine does not lead
to breakthrough maternal to child transmission of hepa-
titis B virus. Good lessons could be learned from other
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countries such as the U.K., where babies born to hepatitis
B negative women are given a single dose of a monovalent
hepatitis B vaccine before babies are discharged from the
hospital while babies born to mothers who tested posi-
tive for hepatitis B virus surface antigen receive a total of
six doses of HepB-containing vaccines between birth and
12 months of age: at birth (HepB monovalent), 4 weeks
(HepB monovalent), 8 weeks (hexavalent), 12 weeks (hex-
avalent), 16 weeks (hexavalent), and 12 months (HepB
monovalent) [54].

Lastly, improve public vaccine awareness and reduce
vaccine price via comprehensive strategies. Organized,
regular trainings for health professionals can advance
their knowledge of higher-valent pediatric combination
vaccines and to provide incentives to improve service
quality. As a result, professionals will be able to com-
municate key advantages of these vaccines to parents
and increase uptake in their children. Tailored health
education interventions should be developed to address
divergent concerns among parents. Possible solutions
to reduce the price and out-of-pocket payments include
joint procurement of the vaccines at a reasonable price
and utilizing multiple financing channels, especially the
medical insurance fund, to cover the cost. Developed
regions can take the lead in launching pilot programs that
enable residents to use the balance in their basic medical
insurance account to pay for non-NIP vaccines for family
members or provide government-subsidized health plan
benefits to cover vaccine expenses.

Conclusions

China has one of the highest burdens of childhood infec-
tious diseases in the world. Although coverage with the
current program vaccines is high, China could include
more WHO-recommended vaccines in the National
Immunization Program by embracing the use of higher-
valent pediatric combination vaccines. Huge gaps exist
in the development and use of higher-valent pediatric
combination vaccines between China and other coun-
tries, irrespective of socioeconomic level. There is an
urgent need to optimize China’s National Immunization
Program, enhance vaccine awareness and acceptance,
and encourage innovation, as we have proposed above, to
promote the use of higher—valent combination vaccines
and help reduce VPD morbidity and mortality.

Abbreviations
BCG Bacillus Calmette-Guérin

bOPV Bivalent oral polio vaccine

CBER Center for Biologics Evaluation and Research
cbC Center for Disease Control and Prevention
DT Diphtheria, tetanus

DTaP Diphtheria, tetanus, and acellular pertussis

DTaP-HepB-IPV Diphtheria, tetanus, acellular pertussis, hepatitis B, and



Li et al. Infectious Diseases of Poverty

DTaP-Hib

DTaP-IPV
DTaP-IPV-Hib

DTaP-IPV-Hib-HepB
DTP

DTwP
DTwP-Hib-HepB

(2024) 13:12

polio

Diphtheria, tetanus, acellular pertussis, and Haemophi-
lus influenzae type b

Diphtheria, tetanus, acellular pertussis, and polio
Diphtheria, tetanus, acellular pertussis, polio, and Hae-
mophilus influenzae type b

Diphtheria, tetanus, acellular pertussis, polio, Haemo-
philus influenzae type b, and hepatitis B

Diphtheria, tetanus, and pertussis

Diphtheria, tetanus, and whole cell pertussis
Diphtheria, tetanus, whole cell pertussis, Haemophilus
influenzae type b, and hepatitis B

EPI Expanded Program on Immunization

EU European Union

FDA Food and Drug Administration

GAVI Vaccine Alliance

Hib Haemophilus Influenzae type b

HepA-L Live-attenuated hepatitis A

HepA-| Inactivated hepatitis A

HepB Hepatitis B

HPV Human papillomavirus

IPV Inactivated poliovirus vaccine

JE-L Live-attenuated Japanese encephalitis vaccine

JE- Inactivated Japanese encephalitis vaccine

MAH Marketing Authorization Holder

MM Measles and mumps

MMR Measles, mumps, and rubella

MoH Ministry of Health

MPSV-A Group A meningococcal polysaccharide vaccine

MPSV-AC Group A and Group C meningococcal polysaccharide
vaccine

MR Measles and rubella

MV Measles virus

NHMS National Health and Morbidity Survey

NHC National Health Commission

NHS National Health Service

NIAC National Immunization Advisory Committee

NIP National Immunization Program

NMPA National Medical Products Administration

R&D Research and Development

Td Tetanus-diphtheria

PAHO Pan American Health Organization

pPCv Pneumococcal conjugate vaccine

VAMF Vaccine Antigen Master File

VFC Vaccines for children

VPD Vaccine-preventable disease

WHO World Health Organization

Acknowledgements

We extend our sincere gratitude to Dr. Lance Rodewald (China CDC) for his
advice and support. We also thank Miss. Kriti Vasudevan (Duke University, USA)
for her assistance with data verification. The work reported in this publication
is part of the research “Innovation Lab of Vaccine Delivery Research’, supported
by the Bill & Melinda Gates Foundation (INV-034554). Under the grant condi-
tions of the Foundation, a Creative Commons Attribution 4.0 Generic License
has already been assigned to the Author Accepted Manuscript version that
might arise from this submission. The funder did not play any role in the study
design, data analysis, data interpretation, writing of the paper, or submission
for this publication. The content in this paper is solely the responsibility of the
authors and does not represent any view of the funder.

Author contributions

JL and ST conceptualized the study. JL collected, analysed, and visualised the
data. CS, EA, ST, and FC contributed to interpretation of research findings. ST
and FC supervised the research team. ST acquired the funding. JL wrote the
original draft. All authors reviewed and edited the manuscript.

Funding
Bill & Melinda Gates Foundation (INV-034554).

Page 9 of 11

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or
analyzed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 5 August 2023 Accepted: 23 January 2024
Published online: 01 February 2024

References

1. Kuchar E, Karlikowska-Skwarnik M, Han S, Nitsch-Osuch A. Pertussis:
history of the disease and current prevention failure. Adv Exp Med Biol.
2016;934:77-82. https://doi.org/10.1007/5584_2016_21.

2. Kalies H, Grote V, Verstraeten T, Hessel L, Schmitt HJ, von Kries R. The
use of combination vaccines has improved timeliness of vaccination in
children. Pediatr Infect Dis J. 2006;25(6):507-12. https://doi.org/10.1097/
01.inf.0000222413.47344.23.

3. Pellissier JM, Coplan PM, Jackson LA, May JE. The effect of additional shots
on the vaccine administration process: results of a time-motion study in 2
settings. Am J Manag Care. 2000;6(9):1038-44.

4. Maman K, ZollnerY, Greco D, Duru G, Sendyona S, Remy V. The value of
childhood combination vaccines: from beliefs to evidence. Hum Vaccin
Immunother. 2015;11(9):2132-41. https://doi.org/10.1080/21645515.
2015.1044180.

5. Wiedenmayer KA, Weiss S, Chattopadhyay C, Mukherjee A, Kundu R, Ayé
R, et al. Simplifying paediatric immunization with a fully liquid DTP-HepB-
Hib combination vaccine: evidence from a comparative time-motion
study in India. Vaccine. 2009;27(5):655-9. https://doi.org/10.1016/j.vacci
ne.2008.11.045.

6. Happe LE, Lunacsek OE, Kruzikas DT, Marshall GS. Impact of a pentavalent
combination vaccine on immunization timeliness in a state Medicaid
population. Pediatr Infect Dis J. 2009;28(2):98-101. https://doi.org/10.
1097/INF.0b013e318187d047.

7. Seinfeld J, Rosales ML, Sobrevilla A, Lépez Yescas JG. Economic assess-
ment of incorporating the hexavalent vaccine as part of the National
Immunization Program of Peru. BMC Health Serv Res. 2022;22(1):651.
https://doi.org/10.1186/512913-022-08006-1.

8. Khan MM, Vargas-Zambrano JC, Coudeville L. How did the adoption of
wP-pentavalent affect the global paediatric vaccine coverage rate? A
multicountry panel data analysis. BMJ Open. 2022;12(4): e053236. https://
doi.org/10.1136/bmjopen-2021-053236.

9. CuiF. Considerations on the vaccination strategy of combined vaccine
for children in China. Chin J Viral Dis. 2019;9(3):161-6. https://doi.org/10.
16505/}.2095-0136.2019.0037. (In Chinese).

10. GAVI, the Vaccine Alliance. Annual Progress Report 2022. https.//www.
gavi.org/sites/default/files/programmes-impact/our-impact/apr/Gavi-
Progress-Report-2022.pdf. Accessed 20 Nov 2023.

11. Zhang H, Lai X, Mak J, Sriudomporn S, Zhang H, Fang H, et al. Coverage
and equity of childhood vaccines in China. JAMA Netw Open. 2022;5(12):
€2246005. https://doi.org/10.1001/jamanetworkopen.2022.46005.

12. Zheng J, Zhou Y, Wang H, Liang X. The role of the China Experts Advisory
Committee on Immunization Program. Vaccine. 2010;28(Suppl 1):A84-7.
https://doi.org/10.1016/j.vaccine.2010.02.039.

13. Wang J. Analysis of the current status of 600 cases of non-NIP vaccination
for preschool children. Henan Med Res. 2020;29(6):1044-6 (In Chinese).

14. Huang LP, Li T, Shao JC, Yan Y, Zhang Y, Liu HH, et al. Status and influence
factors of category B vaccine coverage rate among preschool children


https://doi.org/10.1007/5584_2016_21
https://doi.org/10.1097/01.inf.0000222413.47344.23
https://doi.org/10.1097/01.inf.0000222413.47344.23
https://doi.org/10.1080/21645515.2015.1044180
https://doi.org/10.1080/21645515.2015.1044180
https://doi.org/10.1016/j.vaccine.2008.11.045
https://doi.org/10.1016/j.vaccine.2008.11.045
https://doi.org/10.1097/INF.0b013e318187d047
https://doi.org/10.1097/INF.0b013e318187d047
https://doi.org/10.1186/s12913-022-08006-1
https://doi.org/10.1136/bmjopen-2021-053236
https://doi.org/10.1136/bmjopen-2021-053236
https://doi.org/10.16505/j.2095-0136.2019.0037
https://doi.org/10.16505/j.2095-0136.2019.0037
https://www.gavi.org/sites/default/files/programmes-impact/our-impact/apr/Gavi-Progress-Report-2022.pdf
https://www.gavi.org/sites/default/files/programmes-impact/our-impact/apr/Gavi-Progress-Report-2022.pdf
https://www.gavi.org/sites/default/files/programmes-impact/our-impact/apr/Gavi-Progress-Report-2022.pdf
https://doi.org/10.1001/jamanetworkopen.2022.46005
https://doi.org/10.1016/j.vaccine.2010.02.039

Li et al. Infectious Diseases of Poverty

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

(2024) 13:12

in Shapingba district of Chongging. Pract Pre Med. 2016;23(4):419-22 (In
Chinese).

Wang Y. Analysis of immunization coverage and influencing factors of 4
non-NIP pediatric vaccines in Cixi. Prev Med. 2020;32(3):292-4. https://
doi.org/10.19485/j.cnki.issn2096-5087.2020.03.019. (In Chinese).
University of Oxford. Vaccine Knowledge: 6-in-1 vaccine key facts. https://
vaccineknowledge.ox.ac.uk/6-in-1-vaccine#Key-vaccine-facts. Accessed
20 Mar 2023.

U.S. CDC. Vaccines for Children Program. https://www.cdc.gov/vaccines/
programs/vfc/parents/qa-detailed.htmlieligibility. Accessed 16 March
2023.

GAVI, the Vaccine Alliance. Pentavalent Vaccine Support. https://www.
gavi.org/types-support/vaccine-support/pentavalent. Accessed 26 Mar
2023.

Positive Parenting. Childhood Immunization in Malaysia: The Past, the
Present & the Future. https://mypositiveparenting.org/2022/05/31/
childhood-immunisation-in-malaysia-the-past-the-present-the-future/.
Accessed May 31 2023.

Martha C, Gergen J. Thailand Country Brief” Sustainable immunization
financing in Asia Pacific. Washington, DC: ThinkWell; 2017.

Domingues CMAS. The Brazillian National Immunization Program. https://
www.scielo.br/j/csp/a/XxZCT7tKQjP3VEpCyywtXMx/?lang=en&format=
pdf. 2020; Accessed 29 June 2023.

News Desk Infectious Disease. Brazil distributes 1.7 million doses of
pentavalent vaccine to states. http://outbreaknewstoday.com/brazil-distr
ibutes-1-7-million-doses-of-pentavalent-vaccine-to-states-85475/. 2020;
Accessed 29 June 2023.

Pan J,Wang Y, Cao L, Wang Y, Zhao Q, Tang S, et al. Impact of immuniza-
tion programs on 11 childhood vaccine-preventable diseases in China:
1950-2018. Innovation (Camb). 2021;2(2): 100113. https://doi.org/10.
1016/jxinn.2021.100113.

Chen S, Yao L, Wang W, Tang S. Developing an effective and sustainable
national immunisation programme in China: issues and challenges.
Lancet Public Health. 2022,7(12):e1064-72. https://doi.org/10.1016/
S2468-2667(22)00171-2.

Liu L, Fu JY, Zhao YH, Shi RJ, Ji WY. Investigation on vaccination rate of
DTaP-IPV-Hib vaccine and analysis of its influencing factors in Beijing.
Capital J Public Health. 2021;15(5):300-1 (In Chinese).

Zhang XH, Wang PY.The category Il vaccines: use and current status
among 0-3 years old children in Puhuangyu, Beijing. Capital J Public
Health. 2017;11(3):4 (In Chinese).

UK. NHS. Childhood Vaccination Coverage Statistics—England, 2021-22.
https://digital.nhs.uk/data-and-information/publications/statistical/nhs-
immunisation-statistics/2021-22/6in-1-vaccine. 2022; Accessed 12 Mar
2023.

Lim KK, Chan YY, Noor Ani A, Rohani J, Siti Norfadhilah ZA, Santhi MR.
Complete immunization coverage and its determinants among children
in Malaysia: findings from the National Health and Morbidity Survey
(NHMS) 2016. Public Health. 2017;153:52-7. https://doi.org/10.1016/j.
puhe.2017.08.001.

National Institute of Statistics (NIS) [Cambodia], Ministry of Health

(MoH) [Cambodial, and ICF. Cambodia Demographic and Health Survey
2021-22 Final Report. Phnom Penh, Cambodia, and Rockville, Maryland,
USA:NIS, MoH, and ICF; 2023.

ZhaoYS, Sun Q Wang LL, Chu SZ. Analysis on the development trend
and problems of combined vaccine industry in China. Chin J Pharmaceu-
ticals. 2018;49(9):7. https://doi.org/10.16522/j.cnki.cjph.2018.09.016. (In
Chinese).

National Medical Products Administration. Rules on the Administration
of Vaccine Manufacturing and Distribution]. https://www.nmpa.gov.cn/
xxgk/fgwj/xzhgfxwj/20220708185734126.html. 2020; Accessed 12 July
2023. (In Chinese).

Yang R, Penders B, Horstman K. Vaccine hesitancy in China: a qualitative
study of stakeholders’ perspectives. Vaccines. 2020;8(4):650. https://doi.
org/10.3390/vaccines8040650.

Ministry of Justice of the People’s Republic of China. Vaccine Administra-
tion Law of the People’s Republic of China. https://www.gov.cn/xinwen/
2019-06/30/content_5404540.htm. 2019. Accessed 19 Nov 2023 (In
Chinese)

Ma C, Rodewald L, An ZJ,Yin ZD, Feng ZJ. The National Immuniza-

tion Advisory Committee in China: roles of national experts in making

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

Page 10 of 11

evidence-based recommendations for immunization. China CDC Wkly.
2019;1(2):28-30. https://doi.org/10.46234/ccdcw2019.010.

Liang X, Bi S, Yang W, Wang L, Cui G, Cui F, et al. Epidemiological serosur-
vey of hepatitis B in China-—declining HBV prevalence due to hepatitis B
vaccination. Vaccine. 2009;27(47).6550-7. https://doi.org/10.1016/j.vacci
ne.2009.08.048.

U.S. Center for Disease Control and Prevention. Vaccine recommenda-
tions and guidelines of the ACIP: Timing and spacing of immunobio-
logics. https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/timing.
htmli#ref-82. 2023; Accessed 22 June 2023.

Chen S, Li J, Wang D, Fung H, Wong LY, Zhao L. The hepatitis B epidemic
in China should receive more attention. Lancet. 2018;391(10130):1572.
https://doi.org/10.1016/50140-6736(18)30499-9.

Xu J, CuiY,Huang C, Dong Y, Zhang Y, Fan L, et al. Prevalence and factors
associated with pentavalent vaccination: a cross—sectional study in
Southern China. Infect Dis Poverty. 2023;12(1):84. https://doi.org/10.1186/
540249-023-01134-8.

Zhong XL, Zhang ZL, Wang SW, Ye YQ, Liao LS, Huang WX. Parents’aware-
ness, trust, and acceptance towards non-NIP vaccines. J Frontiers Med.
2017;7(35):360-2. https://doi.org/10.3969/j.issn.2095-1752.2017.35.321.
(In Chinese).

Yan W, Zhai LJ, Zhou YL. Survey on the immunization knowledge of
category B vaccine in Dongcheng district, Beijing. Capital J Public Health.
2014:8(4):165-7 (In Chinese).

Wang XX, Lv Q, Hou ZY.Vaccine confidence and vaccination attitude and
willingness among Chinese residents: a systematic review. Chin J Public
Health. 2020;36(12):1832-7. https://doi.org/10.11847/29ggws1126270. (In
Chinese).

Shanghai Health Affairs Service Center. Announcement on the 2022
Shanghai Non-NIP Vaccine Centralized Procurement. http://www.shgpo.
com/jggb/858.jhtml. 2022; Accessed 25 Apr 2023 (In Chinese).

Pan American Health Organization. PAHO Revolving Fund Vaccine Prices
for 2022. https://www.paho.org/en/documents/paho-revolving-fund-
vaccine-prices-2022. 2022; Accessed 30 Mar 2023.

U.S. Center for Disease Control and Prevention. Vaccines for Children
Program: CDC Vaccine Price List. https://www.cdc.gov/vaccines/progr
ams/vfc/awardees/vaccine-management/price-list/index.html. 2023;
Accessed 30 Mar 2023.

UNICEF. Vaccine pricing data. https.//www.unicef.org/supply/vaccines-
pricing-data. 2023; Accessed 19 Nov 2023.

Liu H, Wei X, Zhao T, Han B, Liu B, Yang L, et al. Review on immuno-
genicity, safety and social value of combined vaccines for children

used both at home and abroad. Zhonghua Liu Xing Bing Xue Za Zhi.
2021,42(5):948-54.

Sawyer LA, MclInnis J, Patel A, Horne AD, Albrecht P. Deleterious effect

of thimerosal on the potency of inactivated poliovirus vaccine. Vaccine.
1994;12(9):851-6. https://doi.org/10.1016/0264-410%(94)90296-8.

Beijing Minhai Technology. Tetravalent vaccines are the ideal substitutes
of DTaP vaccines. https://www.biominhai.com/news/159.html. 2018;
Accessed 20 Nov 2023 (In Chinese)

National Medical Products Administration. What is certificate for release?.
https://www.nmpa.gov.cn/xxgk/kpzhsh/kpzhshyp/20160415152801630.
html?type=pc&m=. 2016; Accessed August 5 2023 (In Chinese).

The European Agency for the Evaluation of Medicinal Products. Guideline
on requirements for vaccine antigen master file (VAMF) certification.
https://www.ema.europa.eu/en/documents/scientific-quideline/guide
line-requirements-vaccine-antigen-master-file-vamf-certification_en.pdf.
2005; Accessed 21 Mar 2023.

U.S. Department of Health and Human Services Food and Drug
Administration Center for Biologics Evaluation and Research. Guidance
for industry for the evaluation of combination vaccines for preventable
diseases: production, testing and clinical studies. Available online: https://
www.fda.gov/regulatory-information/search-fda-guidance-documents/
guidance-industry-evaluation-combination-vaccines-preventable-disea
ses-production-testing-and. 1997; Accessed 10 June 2023.

Cho HK, Park SE, Kim YJ, Jo DS, Kim YK, Eun BW, et al. Recommendation
for use of diphtheria and tetanus toxoids and acellular pertussis, inacti-
vated poliovirus, Haemophilus influenzae type b conjugate, and hepatitis
B vaccine in infants. Clin Exp Pediatr. 2021;64(12):602-7. https://doi.org/
10.3345/cep.2021.00507.


https://doi.org/10.19485/j.cnki.issn2096-5087.2020.03.019
https://doi.org/10.19485/j.cnki.issn2096-5087.2020.03.019
https://vaccineknowledge.ox.ac.uk/6-in-1-vaccine#Key-vaccine-facts
https://vaccineknowledge.ox.ac.uk/6-in-1-vaccine#Key-vaccine-facts
https://www.cdc.gov/vaccines/programs/vfc/parents/qa-detailed.html#eligibility
https://www.cdc.gov/vaccines/programs/vfc/parents/qa-detailed.html#eligibility
https://www.gavi.org/types-support/vaccine-support/pentavalent
https://www.gavi.org/types-support/vaccine-support/pentavalent
https://mypositiveparenting.org/2022/05/31/childhood-immunisation-in-malaysia-the-past-the-present-the-future/
https://mypositiveparenting.org/2022/05/31/childhood-immunisation-in-malaysia-the-past-the-present-the-future/
https://www.scielo.br/j/csp/a/XxZCT7tKQjP3V6pCyywtXMx/?lang=en&format=pdf
https://www.scielo.br/j/csp/a/XxZCT7tKQjP3V6pCyywtXMx/?lang=en&format=pdf
https://www.scielo.br/j/csp/a/XxZCT7tKQjP3V6pCyywtXMx/?lang=en&format=pdf
http://outbreaknewstoday.com/brazil-distributes-1-7-million-doses-of-pentavalent-vaccine-to-states-85475/
http://outbreaknewstoday.com/brazil-distributes-1-7-million-doses-of-pentavalent-vaccine-to-states-85475/
https://doi.org/10.1016/j.xinn.2021.100113
https://doi.org/10.1016/j.xinn.2021.100113
https://doi.org/10.1016/S2468-2667(22)00171-2
https://doi.org/10.1016/S2468-2667(22)00171-2
https://digital.nhs.uk/data-and-information/publications/statistical/nhs-immunisation-statistics/2021-22/6in-1-vaccine
https://digital.nhs.uk/data-and-information/publications/statistical/nhs-immunisation-statistics/2021-22/6in-1-vaccine
https://doi.org/10.1016/j.puhe.2017.08.001
https://doi.org/10.1016/j.puhe.2017.08.001
https://doi.org/10.16522/j.cnki.cjph.2018.09.016
https://www.nmpa.gov.cn/xxgk/fgwj/xzhgfxwj/20220708185734126.html
https://www.nmpa.gov.cn/xxgk/fgwj/xzhgfxwj/20220708185734126.html
https://doi.org/10.3390/vaccines8040650
https://doi.org/10.3390/vaccines8040650
https://www.gov.cn/xinwen/2019-06/30/content_5404540.htm
https://www.gov.cn/xinwen/2019-06/30/content_5404540.htm
https://doi.org/10.46234/ccdcw2019.010
https://doi.org/10.1016/j.vaccine.2009.08.048
https://doi.org/10.1016/j.vaccine.2009.08.048
https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/timing.html#ref-82
https://www.cdc.gov/vaccines/hcp/acip-recs/general-recs/timing.html#ref-82
https://doi.org/10.1016/S0140-6736(18)30499-9
https://doi.org/10.1186/s40249-023-01134-8
https://doi.org/10.1186/s40249-023-01134-8
https://doi.org/10.3969/j.issn.2095-1752.2017.35.321
https://doi.org/10.11847/zgggws1126270
http://www.shgpo.com/jggb/858.jhtml
http://www.shgpo.com/jggb/858.jhtml
https://www.paho.org/en/documents/paho-revolving-fund-vaccine-prices-2022
https://www.paho.org/en/documents/paho-revolving-fund-vaccine-prices-2022
https://www.cdc.gov/vaccines/programs/vfc/awardees/vaccine-management/price-list/index.html
https://www.cdc.gov/vaccines/programs/vfc/awardees/vaccine-management/price-list/index.html
https://www.unicef.org/supply/vaccines-pricing-data
https://www.unicef.org/supply/vaccines-pricing-data
https://doi.org/10.1016/0264-410x(94)90296-8
https://www.biominhai.com/news/159.html
https://www.nmpa.gov.cn/xxgk/kpzhsh/kpzhshyp/20160415152801630.html?type=pc&m=
https://www.nmpa.gov.cn/xxgk/kpzhsh/kpzhshyp/20160415152801630.html?type=pc&m=
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-requirements-vaccine-antigen-master-file-vamf-certification_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-requirements-vaccine-antigen-master-file-vamf-certification_en.pdf
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-evaluation-combination-vaccines-preventable-diseases-production-testing-and
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-evaluation-combination-vaccines-preventable-diseases-production-testing-and
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-evaluation-combination-vaccines-preventable-diseases-production-testing-and
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/guidance-industry-evaluation-combination-vaccines-preventable-diseases-production-testing-and
https://doi.org/10.3345/cep.2021.00507
https://doi.org/10.3345/cep.2021.00507

Li et al. Infectious Diseases of Poverty (2024) 13:12

53.

54.

Kang JH, Lee HJ, Kim KH, Oh SH, Cha SH, Lee J, et al. The Immunogenic-
ity and safety of a combined DTaP-IPV//Hib Vaccine Compared with
Individual DTaP-IPV and Hib (PRP~T) Vaccines: a randomized clinical trial
in South Korean infants. J Korean Med Sci. 2016;31(9):1383-91. https://
doi.org/10.3346/jkms.2016.31.9.1383.

University of Oxford Vaccine Knowledge. Hepatitis B vaccine. https://vk.
ovg.ox.ac.uk/hepatitis-b-vaccine. Accessed 29 Mar 2023.

Page 11 of 11


https://doi.org/10.3346/jkms.2016.31.9.1383
https://doi.org/10.3346/jkms.2016.31.9.1383
https://vk.ovg.ox.ac.uk/hepatitis-b-vaccine
https://vk.ovg.ox.ac.uk/hepatitis-b-vaccine

	Promoting higher-valent pediatric combination vaccines in China: challenges and recommendations for action
	Abstract 
	Background
	Gaps in the use of higher-valent pediatric combination vaccines between China and other countries
	Challenges promoting higher-valent pediatric combination vaccines in China

	Recommendations
	Conclusions
	Acknowledgements
	References


