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Abstract

Introduction
The number of vaccines used in China's childhood immunization program had continued to increase,
from four in 1978 to ten in 2019. We described the supply and demand of vaccines, and compared the
ratio of vaccine supply and demand of each vaccine to illustrate the shortage of vaccines and the need of
vaccine stockpiles in China.

Methods
We downloaded the manufacturers supplying vaccines and the vaccination requirements for the national
immunization program for children from 2016 to 2019 in the National Immunization Program
Information system, as well as the batch issue data of biological products from the o�cial website of
China Academy of Food and Drug Control (CFDA). Vaccine prices were obtained from Chinese Central
Government Procurement (CCGP).The demand, supply, and the ratio of vaccine supply and demand of
each vaccine were calculated respectively.

Results
On average, �ve out of ten vaccines were supplied by three or more enterprises, three kinds of vaccines
were supplied by two enterprises and two kinds of vaccines were supplied only by one enterprise between
2016 to 2019. The ratio of vaccine supply and demand of Diphtheria-tetanus and Group A meningitis
polysaccharide were 79.52% and 67.99% respectively, with a potential shortage. There were three
vaccines with a supply-demand ratio below 80% in 2016–2018, and �ve in 2019. The number of potential
vaccine shortage was increasing. The average price of vaccines with potential shortage was $ 0.28. The
average price of other vaccines without shortage was $ 1.8.

Conclusions
Most vaccines used in the childhood immunization program are available to meet demand, but there are
also some vaccines with the risk of shortage and the number of vaccines with the risk of shortage tends
to increase. The next step is to develop a national stockpiling mechanism to avoid a shortage of
vaccines.

Backgroud
Immunization is one of the most successful tools for the prevention of infectious diseases[1]. Globally,
the 77 preventive vaccines have been approved for 41 diseases by 2018[2]. The 64 vaccines can be
produced to prevent 35 diseases in China. There are two types of vaccines in China. One is the national
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Immunization program (NIP) vaccine, which is free of charge. The other is a non-NIP vaccine, which is
self-funded. The number of vaccines used in China's childhood immunization program had continued to
increase, from four in 1978 to ten in 2019. A total of ten vaccines were introduced into NIP for children,
including hepatitis B vaccine(HepB), Bacille Calmette Guerin(BCG) vaccine, polio vaccine, diphtheria and
tetanus toxoids and acellular pertussis (DTaP) vaccine, diphtheria-tetanus vaccine(DT), hepatitis A
vaccine(HepA), serogroup A meningococ-cal polysaccharide vaccine(MPSV-A), serogroup A and C
meningococ-cal polysaccharide vaccine (MPSV-AC), Live Japanese encephalitis vaccine(JEV-L), and
measles-mumps-rubella (MMR) vaccine.

The NIP children vaccine schedules had been constantly updated according to the characteristic of
disease and the capacity of the vaccine production. In 2016, China recommended measles-mumps (MM)
vaccine at the age of 8 months and MMR vaccine at the age of 18 months, and did not recommend
monovalent measles vaccine. At the same year, China introduced IPV into immunization programs as the
�rst doses for essential immunization, and China replaced the trivalent oral polio vaccine (TOPV) with the
bivalent oral polio vaccine (BOPV) for use as the other three doses. In 2019, the immunization schedule
for polio vaccine has been updated from 1-dose IPV + 3-dose bOPV to 2-dose IPV + 2-dose bOPV. In 2020,
MM vaccine was replaced by MMR, and two doses were given at 8 and 18 months of age.

At present, four global vaccine stockpiles are maintained[3], mainly for emergency response situations.
However, NIP vaccine stockpiles have not been established in China. In China, the supply of vaccines has
also faced some challenges, such as companies leaving the vaccine market and manufacturing or
production problems as a result of vaccine-related incidents in China, Stricter control of vaccine
production as provided in the Vaccine Administration Law of the People's Republic of China and changes
in immune procedures. With the increase of vaccine varieties included in immunization programmes and
the change of immunization procedures, there were already vaccine shortages in some local areas[4].The
main purpose of this study is to understand the supply and demand of vaccines for the national
immunization program for children in China, and to provide the basis for establishing the vaccine supply
guarantee mechanism.

Methords
Data Sources

We obtained data from National Immunization Information System(IIS) on number of children required
for vaccination between 2016 to 2019, following the national immunization procedure. We obtained the
brand of manufacturers supplying NIP vaccines and the vaccine prices from Chinese government bidding
procurement website(http://www.chinabidding.org.cn/).We downloaded the batch issue data of vaccines
from the o�cial website of of Chinese Central Government Procurement (http://www.ccgp.gov.cn/).The
number of vaccines supplied to the national immunization program were screened by type of vaccines
and the manufactures supplying the NIP vaccines from all the batch issue data according to the brand of
manufacturers.
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Types of vaccines used in NIP between 2016-2019

Hepatitis B vaccine: 10µg recombinant hepatitis B vaccine was used in NIP between 2016 to 2019,
including yeast-produced vaccines and Chinese hamster ovary cell(CHO)vaccines. HepB was
administered at 0,1, and 6 month for the newborns.

Polio vaccine: 1-dose IPV and 3-dose bOPV were introduced as the primary immunization between 2016
and 2018. 2-dose IPV and 2-dose bOPV were used in 2019.

Measles-containing Vaccine(MCV): 1-dose MM vaccine and 1-dose MMR vaccine were used in NIP.

Hepatitis A vaccine: live attenuated HepA (L-HepA) and inactivated HepA (I-HepA) were used in NIP. There
were four provinces integrated I-HepA, including Beijing, Tianjin, Shanghai and Jiangsu while the other 27
provinces integrated L-HepA.

De�nition

1. The number of vaccine supplied for the immunization programme= The number of vaccine batches
issued* The number of children who can be vaccinated by a vial/ Vaccine waste factor.

The number of children who can be vaccinated by a vial referred to the vaccine instruction book: BCG(5
doses per vial), bOPV(10 doses per vial), DT (4 doses per vial), JEV-L(5 doses per vial), and other
vaccines(1 dose per vial). Vaccine wastage factor referred to Guidelines for vaccination 2020 version
and was 1.05,1.2,1.5,2.0 and 2.5 respectively for vaccine of 1 dose per vial, 2 dose per vial, 3 dose per vial,
4 dose per vial, 5 dose per vial.

2. The ratio of vaccine supplyand demand =the number of vaccine supply/ the number of vaccine
demand*100%.

3. Potential shortage

Taking into account the current status of non-epi vaccine alternatives and the stock of vaccines in each
region, if the ratio of vaccine supply and demand was less than 80%, we can de�ne it as a potential
shortage.

4. vaccine prices

China government had conducted the bidding and procurement of NIP vaccines for all the provinces
since 2018 and each province tenders and purchases vaccines by themselves before 2018.We calculated
the average prices of vaccines between 2018 to 2019. The exchange rate for US dollars vs Chinese Yuan
was 6.5.

Data analysis
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The data of the supply and demand of vaccine were imported into SPSS (version 23, IBM, New York, USA)
for analysis. We generated descriptive statistics on NIP vaccines by the number of manufacturers, the
number of supply and demand and vaccine prices. We compared the supply and demand of different
vaccines between 2016 to 2019 .We calculated the ratio of supply and demand for each vaccine and
compared the ratio.

Ethical review

The data in this study was mainly from the published websites and did not require additional Ethical
Review Committee approval. Individuals were not identi�able in IIS data used in this study.

Results

The number of manufacturers supplying the NIP children
vaccines, 2016–2019
On average, �ve kinds of vaccines supplied more than 3 manufacturers were used in NIP for children,
respectively HepB, polio vaccine, DTP, measles-containing vaccine and HepA. Three kinds of vaccines
were supplied by 2 manufacturers, respectively BCG, JEV-L and MPSV-AC. Two kinds of vaccines were
supplied only by one manufacturer, respectively DT and MPSV-A(Table 1).

Table 1
The number of manufacturers supplying the NIP children vaccines, 2016–2019
Name of the vaccine 2016 2017 2018 2019 Average(2016–2019)

HepB 5 4 4 3 4

BCG 2 2 2 2 2

Polio vaccine 3 4 4 5 4

DTP 2 3 2 3 3

DT 1 1 1 1 1

MCV 4 3 3 2 3

JEV-L 2 2 2 2 2

MPSV-A 1 1 1 1 1

MPSV-AC 3 2 2 2 2

HepA 4 4 3 3 4

*JEV-L was used immunization program vaccine in all provinces.
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2 The supply and demand of vaccines according to the national immunization schedule, 2016–2019

The supply of hepatitis B vaccine are almost the same as the demand from 2016 to 2019 and the supply
of BCG was more than demand in 2017. The supply of polio vaccine was lower than the demand in 2016
and 2019. The supply of DTP was lower than the demand in 2017 and 2018. The supply of DT was lower
than the demand in 2016, 2017 and 2019. The supply of measles-containing vaccine was lower than the
demand in 2018. The supply of JEV-L and MPSV-A was lower than the demand from 2016 to 2019.The
supply of MPSV-AC was lower than the demand in 2016 and 2017. The supply of HepA was lower than
the demand in 2016 and 2018(Fig. 1). 

3 The ratio of vaccine supply and demand for children in NIP, 2016–2019

The average ratio of supply and demand for the two vaccines was less than 80% between 2016 to 2019,
respectively DT(79.52%) and MPSV-A(67.99%). The ratio of supply and demand for the three vaccines
was less than 80% in 2016, respectively Polio vaccine(74.89%), JEV-L (79.62%) and MPSV-AC(53.80%).
The ratio of supply and demand for the three vaccines was less than 80% in 2017, respectively
DTP(69.66%), DT (79.91%) and MPSV-A(72.95%). The ratio of supply and demand for the three vaccines
was less than 80% in 2018, respectively DTP(79.25%), MCV (63.81%) and HepA (65.63%). The ratio of
supply and demand for the �ve vaccines was less than 80%, respectively BCG (79.05%) in 2019, Polio
vaccine(64.32%),DT(59.57%), JEV-L (68.19%) and MPSV-A (26.72%)(Table 2).

Table 2
The ratio of vaccine supply and demand in children in NIP, 2016–2019

Type of vaccines 2016(%) 2017(%) 2018(%) 2019(%) Average(2016–2019)

(%)

HepB 100.61 107.35 97.51 98.31 101.22

BCG 100.84 140.42 81.82 79.05 102.17

Polio vaccine 74.89 124.82 136.69 64.32 93.20

DTP 104.29 69.66 79.25 119.75 92.21

DT 80.68 79.91 97.30 59.57 79.52

MCV 169.31 119.44 63.81 110.61 115.43

JEV-L 79.62 90.34 99.30 68.19 84.76

MPSV-A 83.63 72.95 83.98 26.72 67.99

MPSV-AC 53.80 94.60 115.17 117.03 96.41

HepA 89.20 97.50 65.63 117.29 91.76
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4. The average contract price of vaccine used in NIP between 2018 to 2019

Figure 2 showed the average price of vaccines for immunization programmes purchased by the Chinese
government through tender in 2018 and 2019. The contract price of vaccines ranged from $0.05 to $5.4
per dose, with an average price of $1.6 per dose.DT and MPSV-A were in potential shortage in 2016–
2019, and the price was $ 0.05 and $0.5 per dose respectively, and the average price was $ 0.28. The
average price of other vaccines without shortage was $ 1.8.The average price with potential shortage was
lower than without shortage. 

Discussion
Sustainable Development Goals proposed by WHO, which aimed to achieve universal health coverage,
including access to safe, effective and quality essential vaccines for all[5]. The supply of vaccines was
essential to achieving universal health coverage. WHO had paid more attention to vaccine shortage in the
report of addressing global drug and vaccine shortages[6]. Technical de�nitions of vaccine shortages
should be developed as needed and the analysis should be from the supply side and the demand side.
This study also analyzed the supply and demand of vaccine for childhood immunization programs in
China. The results showed that the supply and demand of vaccine for childhood immunization programs
in China were roughly balanced as a whole from 2016 to 2019, but there was a potential shortage of
some vaccines in each year, and the number of vaccine with potential shortages increased.

In recent years, vaccine-related events occurred frequently in China. In 2017 and 2018, the number of
batches of DPT vaccine was reduced due to disquali�cation of DTP vaccine potency produced by Wuhan
Institute of Biological Products Co., Ltd and "Changchun Changsheng" Vaccine event in 2018, and there is
a risk of shortage of DPT vaccine in 2017 and 2018.In addition, due to the impact of the "Changchun
Changsheng" vaccine event in 2018, all live L-HepA produced by Changchun Changsheng Enterprise were
not allowed to use and the company had stopped production, and as a result of this, the supply and
demand ratio of hepatitis A vaccines in 2018 was only 65.63%, and there is a risk of shortage. The
shortage of vaccine is a worldwide problem[7–10], and both UK and the United States have faced
shortages[11] [12–14].

After the Changchun Changsheng Vaccine Incident in 2018, China issued the vaccine management law
of the People's Republic of China, which tightened the supervision of the entire vaccine chain and further
reduced the number of vaccine batches issued in 2019. Five kinds of vaccines could be in short supply in
2019. During 2016 to 2019, both DT and MPSV-A vaccines are only produced by Wuhan Institute of
Biological Products Co., Ltd and the price of these vaccines was lower than other vaccines without
shortage. All of these factors contributed to the vaccine shortage. Temporary yellow fever vaccine
shortages had occurred in the United States as a result of manufacturing problems, at that time only one
yellow fever vaccine was licensed for use in the United States[15].

In 2016, China carried out the program conversion of polio vaccine, TOPV (sugar pill) was no longer used,
and IPV and BOPV were used for vaccination. However, IPV is only produced by one manufacturer
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(Institute of Medical Biology, Chinese Academy of Medical Sciences), with limited production capacity
and only 3.45 billion batches issued. To further boost supply, the vaccines made Sano� by were
purchased to increase supply, but only 7.28 million batches were issued by Sano�. The batch issued by
the two companies still cannot meet the demand, and there may be a shortage of polio vaccine in 2016.
Many countries will face shortages of the IPV vaccine and 28% of countries (35 of 125) still had not been
able to introduce IPV because of supply constraints or experienced a stock-out of vaccine according to
WHO [16].

Vaccine is a national strategic and public welfare product, and the availability of vaccine re�ects the
fairness of society. Maintaining a balance between supply and demand for vaccines is therefore critical
to preventing unfair events and the risk of epidemics arising from vaccine shortages. However, the
analysis of vaccine supply and demand is complicated and affected by many factors, and this study also
has some limitations: this study only analyzes the relationship between supply and demand from the
perspective of the whole country, and does not analyze the situation of each provinces. There may be
local shortages and surpluses caused by the unbalanced distribution of vaccines in some regions[17]

In conclusion, the supply of vaccines in China's national immunization program can meet the

demand of vaccines, but some vaccines are at risk of shortage. Reasons for these possible shortages
were multi-factorial and included companies leaving the vaccine market, manufacturing or production
problems, and Changes in vaccine procedures for immunization programmes[18, 19]. In 2020, China had
faced with the serious threat of novel coronavirus epidemic, and the production and distribution of
vaccines will be affected by the shutdown. Therefore, it is necessary for the country to develop a vaccine
reserve mechanism in the next step, so as to avoid the shortage of vaccine supply in the childhood
immunization program and prevent the timely and effective supply of vaccine from the impact of major
public health emergencies[20].However, the decision to establish and maintain a vaccine stockpile is
complex and must take the consideration of disease burden[21], stockpile sizes, funding, the number of
manufacturers, unanticipated production problems, and the dynamic nature of the vaccine market.
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Figure 1

The supply and demand of vaccine used in NIP between 2016 to 2019
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Figure 2

The average contract price of vaccine used in NIP between 2018 to 2019


