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  Vaccines are considered as one of the most cost-effective 

interventions to improve the global public health by reducing 

mortality and morbidity[1]. At an ever-increasing pace, new vaccines 

are being developed and licensed in China, driven by initiatives from 

both domestic and international vaccine companies. New vaccines 

are evaluated by Chinese Advisory Committee on Immunization, 

which makes decisions regarding the use of vaccines based on 

the epidemiological context in China. Some of these vaccines are 

included in the Chinese Expanded Program on Immunization (EPI) 

and are provided at no cost to specific target groups, while others 

are considered as voluntary vaccines and are offered as “self-paid” 

services[2]. Additionally, expert committees at the provincial level 

may also make recommendations for vaccination or guidelines for 

vaccination staff and decide which vaccine should be purchased 

using public fund or provided free of charge to target populations. 

  In many cases, vaccination programs must adapt or evolve in 

response to changes such as the emerging or re-emerging infectious 

diseases, the decline or disappearance of certain infectious diseases, 

new insights into epidemiological or immunological factors, changes 

in population immunity, rapid development of higher quality 

vaccines, vaccine availability, and financial resources[3-5]. Therefore, 

it is essential to establish an evaluation model for evidence-based 

decision-making regarding the future development of vaccination 

programs. This will significantly enhance the health status of  

populations in a cost-effective way. However, up to now, there have 

been no standardized evaluation models at the provincial level, 

leading to negative consequences for the uniformity and fairness of 

vaccination programs in China. 

  Zhejiang, a relatively developed province in eastern China, has 

a population of 70 million. The province initiated the EPI in 1978 

with four vaccines and the number of vaccines has since increased 

to 11, with approximately 20 million doses vaccine administration 

annually.

  Based on previous guidelines and similar approaches, we have 

developed an analytical framework to assess the geographical, 

demographic, cultural and political factors that influence decision-

making in vaccination programs. 

  First, we assembled a multidisciplinary team of 29 experts in 

Zhejiang province, including microbiologists, immunologists, 

epidemiologists, experts in vaccine safety, and health economists.

  Second, a self-designed questionnaire was distributed to the experts, 

seeking their insights on the most significant factors impacting 

decision-making for publicly-funded vaccination programs. The 

questionnaire also requested information on the structures and 

processes for program planning. 

  Upon receiving the completed questionnaires, we entered the 

responses representing potential decision-making criteria into 

an Excel database. Duplicate descriptions of the same criteria or 

concept were removed. 

  Subsequently, the list of 67 distinct criteria, grouped into 11 

categories, was returned to the same experts for validation. Specific 

criteria lacking data were identified as uncertainties in decision-

making and were highlighted as areas for future research. The final 

version of the framework is presented in Table 1.
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Table 1. Checklist of criteria included in the analytical framework for evaluating vaccination program at provincial level.

Items No. Criteria
1. Pathogen 1) Nature and characteristics of the pathogen including reservoirs, routes of transmission, and pathogenic mechanisms.

2) Incubation period, symptomatic infection, carriership of the pathogen.
3) Variation in pathogenicity and antigen.
4) Vaccination induced evolutionary pressure leading to the emergence of antigenic or virulence variants.
5) The percentage of symptomatic infection, the clinical manifestations and complications of symptomatic infection.

2.Burden of disease 6)
Epidemiology of the disease, including the incidence, secular trends, seasonal and geographic variations, clustering of 

cases.
7) Sub-populations with higher incidence or more severe forms of disease, as well as the risk factors.
8) Current disease treatment and preventive measures rather than vaccination.

9)
Health impact among the population, including frequency of cases, of deaths, loss of quality of life expressed in quality-

adjusted life-years or disability adjusted life years.

10)
Social impact of the disease, including intensity of suffering, frequency of survivors with sequelae, reduction of quality 

of life, long-term disability, impact on families/caregivers, fear of disease, stress on society.

11)
Economic impact of the disease, including direct and indirect costs to patients or families, productivity losses, health 

service utilization and costs to the health system.
3. Availability of vaccine 12) Candidates of vaccine for the new vaccination program.

13)
Characteristics of the products (preparation, stabilizing agents and preservatives, dosage, combination, storage, 

handling, etc).
14) Vaccine manufactures’ capacity of production and the availability of vaccine and long-term supply.
15) Availability of funding for vaccine purchase.
16) Target population for vaccination.

4. Vaccine characteristics 17)
Nature and characteristics of agent in vaccine (live attenuated, killed, absorbed/non-absorbed, etc). Contraindications 

and precautions.
18) Immunization schedule, number of doses and the interval between doses.
19) Nature and characteristics of immune response. 
20) Immunogenicity in different sub-groups.
21) Short and long-term vaccine immunogenicity, efficacy, effectiveness.
22) The expected duration of protection.
23) Effect on the transmission (reduction in carriage rate).
24) Interference with other vaccines or vaccine components.
25) Risk groups for primary vaccine failure.
26) Incidence of adverse reactions, severity of adverse reactions.
27) Risk groups or risk factors for adverse reactions.

5. Strategy 28) Existing recommendations/guidelines for use of the vaccine in other jurisdictions or countries.
29) Existing goals of disease control, elimination, or eradication in other jurisdictions or countries.
30) Alternative vaccination strategies and programs for meeting goal.
31) Potential impact of the new vaccination program on resistance to antibiotics and antivirals.
32) Specific program objectives in terms of reduction of incidence, complications, sequelae and mortality.
33) Expected vaccination coverage rate that sufficient to reach herd immunity.
34) Specific operational objectives in terms of coverage for different target groups, and vaccine wastage.

6. Cost-effectiveness 35) The costs of available vaccines.

36)
In a societal perspective, the total and opportunity implementation costs of the new vaccination program, including the 

direct and indirect costs for families and the health system.
37) The short- and long-term use of health care of infected individuals.
38) The costs associated with short- and long-term health care of infected individuals.
39) The magnitude or cost of school/work absenteeism of infected individuals.
40) The magnitude or cost of work absenteeism of parents and caretakers of infected individuals.

41)
Evidence on the short- and long-term effectiveness, including reduction in morbidity, complications, sequelae and 

mortality.

42)
Evidence on benefits including reduction in health care costs, improvement in life expectancy, in quality of life and productivity 

gains
43) Other indirect benefits such as reduced microbial resistance or outpatient/emergency room visits.

44)
Costs, benefits, quality-adjusted life-years or disability adjusted life years saved by the new vaccination program or 

other alternative preventive measures.

45)
Net present costs and cost-benefit ratios (societal perspectives) compared with other alternative strategies or other health 

care interventions, evaluation of robustness of economic model using sensitivity analyses, pertinence for local settings.
7. Social acceptability 46) Public perception of disease risk, severity fear and demands for control and prevention. 

47) Acceptability of the new vaccination program among target groups, health professionals and political authorities.

48) Priority for the new vaccination program with respect to other potential or approved programs.
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  The primary goal of a vaccination program is to reduce the burden 

of disease morbidity and mortality in a cost-effective manner by 

collecting and evaluating information from various fields. As impact 

factors and their degrees are sometimes unknown, the vaccination 

program should be updated and re-evaluated regularly.

  In a proposing vaccination program, scientific data may not always 

be the most reliable evidence for decision-making. Factors such as 

political pressure, public anxiety, and lack of financial resources 

rather than objectively assembled scientific and economic data. 

Other crucial considerations include the pathogen involved, disease 

burden, vaccine characteristics, cost-effectiveness analysis results, 

social acceptability, and the feasibility and capacity of service.

  Cost-effectiveness analysis plays a pivotal role in the decision-

making process of public health programs. It determines the 

necessity of funding a program with quantitative evidences, 

effectively promoting heath equality[6]. Cost-utility analysis is 

an economic technique that expresses the utility of health care in 

QALYs[7]. The health output, cost, and future health gains should be 

considered in these analyses. 

  Currently, there is no standard methodology for these analyses. 

Small health improvement in a large group of people may bring 

similar QALYs gained by an intervention to reduce the death of a 

very small number of people. Many people think that preventing 

severe or life-saving disease merits highest priority, although often 

no consensus can be reached when specific choices have to be made. 

Some of these analyses neglect the herd immunity and dynamic 

model of infectious disease, while others take these factors into 

consideration. Additional determinants of the cost-effectiveness 

analyses include whether an additional year of life has the same 

value regardless of the target population’s age, and whether the 

intangible cost and benefits should be considered[8]. However, the 

selection of parameters in a cost-effectiveness model may not always 

be the decisive factor for the final decision.

  The reasons for including a vaccine in a vaccination program 

may vary widely. For example, the acellular pertussis vaccine was 

introduced in some countries due to is improved safety compared to 

whole cell vaccines[9]. The polio vaccine is focused on eradicating  

the virus, while the influenza vaccination aims to reduce the 

incidence of disease and severe complications[10]. Polio vaccination 

thus has a greater public health impact than influenza vaccination, 

despite the significant medical burden associated with influenza 

infection. It is important to note that there is usually no conflict of 

interest between general and individual interests in designing the 

vaccination program. However, exceptions may exist when a very 

expensive vaccine is being paid to benefit a few instead of obtaining 

a cheaper vaccine that could cover a larger population. 

  When selecting a specific vaccine, long-term and consistent supply 

and availability should be taken into account, especially during 

outbreaks or epidemics[11]. Domestic vaccines would be a better 

choice for vaccination program since it reduces the risk of short-

Table 1. Continued.

Items No. Criteria
8. Feasibility 49) Possibility of integration of the new vaccination program with existing vaccination programs and schedule.

50) Impacts of the new vaccination program on existing vaccination services and other health care sectors.
51) Accessibility of target population and expected vaccination coverage.
52) Availability of human, technical and financial resources for implementing the new vaccination program.
53) Availability of system for recording/registering vaccine administration.
54) Availability of resources for communication to the public, information and training of vaccination staff.

9. Ability for evaluation 55) Desirability of evaluation to families, health professionals and political authorities.

56)
Availability of information system to monitor the vaccination coverage and vaccine utilization, quality of vaccination 

service. 
57) Availability of surveillance system for evaluating the reduction of morbidity, complications, sequelae, and mortality.
58) Availability of surveillance system for evaluating adverse reaction following vaccination.
59) Availability of systems for linking health outcomes databases, vaccination registries and population registries.

10. Other considerations 60)
Equity of the new vaccination program including universality, accessibility and gratuity of services for the most 

vulnerable groups.
61) Ethical considerations including informed consent and protection of confidentiality.
62) Conformity of the new vaccination program with the existing programs in other jurisdictions or countries.
63) Potential political benefits and risks with the new vaccination program.
64) Legal considerations concerning the use of vaccines.

11. Research questions 

in future
65) Main uncertainties concerning the effect of vaccine and impacts of the implementation of the new vaccination program. 

66) New research projects in the fields of immunogenicity, efficacy, effectiveness and safety of the vaccine.

67)
Research to assist evaluation, planning and decision-making regarding the new vaccination program to meet the specific 

needs in a timely manner.
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supply of vaccines but some may doubt the qualities of domestic 

vaccines and the potential conflict of interests should be avoided[12].

  The vaccination program may require a balance between  

epidemiological, economic factors, and practical considerations. 

Different vaccines require different immunization schedules 

to achieve the optimal protection efficacy[13]. For practical and 

economic considerations, a good “average” schedule for combined 

administration should be chosen, though it may not be the optimal 

choice for each single antigen. 

  To achieve a higher coverage rate for establishing herd immunity, 

vaccination programs are often obligatory or implemented under 

psychological pressure. However, this “one-size-fits-all” principle 

may not always be feasible as the number of vaccines increases 

in the program. The interests of general and individuals should be 

fully considered. These vaccines may be offered without making 

them obligatory or advised with a lower priority[14-16]. For 

example, influenza in healthy children is usually not considered as 

a significant problem. However, bacterial complications, infections 

outside the respiratory tract, acute otitis media, and bronchiolitis 

following influenza can lead to a high hospitalization rate in children 

under 2 years of age. Therefore, infants aged 6-23 months, children 

with recurrent acute otitis media or respiratory tract infection, and 

children attending day-care centers or elementary schools have been 

recommended for influenza vaccination with high priority. If this 

trend continues, vaccination programs should be tailored to age, life 

style, or other individual risk factors. 

  Ensuring the public’s confidence is crucial for the sustainable 

development of the vaccination program[17]. The importance of trust 

in the vaccination program and its vulnerability has been shown 

in many countries. In UK, the coverage rate of combined measles, 

mumps and rubella vaccine fell from ≥90% to <80% after rumors 

that the vaccine might cause autism[18] and the incidence of measles 

and mumps rose. Similarly, declined trust in the vaccination program  

caused a drop in coverage rate and an approximately 100-fold rise 

in the incidence of pertussis in the United States[19]. The number of 

injections given to a person at one visit should be limited to ensure 

the high coverage rate since increased number of injections may 

cause the concern on “vaccine overloaded”. However, to the best of 

our knowledge, no evidence has shown that antigenically overloaded 

immune system can be induced by multiple immunizations 

simultaneously. Actually, simultaneous vaccination is acceptable 

and encouraged by WHO and other professional institutions[20-22]. 

However, most physicians have the strong concerns about 

administering 3 injections for anybody at one visit. Continued 

education and reassurance addressing the concerns on simultaneous 

vaccination should therefore be directed to physicians.

  As an alternative to a comprehensive vaccination program, the 

Chinese government offers a national vaccination program directed 

to diseases with the greatest public health impact, together with a 

voluntary and self-funded package meeting the individual’s needs[23]. 

However, this kind of development may potentially induce the 

inequalities in use of vaccines, thus setting the task for governments 

of assuring equal opportunities for vaccination and access to 

information. Additional advice on vaccination that tailored to the 

individuals’ needs and the administration of the voluntary vaccine 

can be provided by vaccination clinics.

  Complex situations may occur when a vaccine is expensive but 

cost-effective or when it has an unfavorable cost-benefit ratio. Even 

though the health burden of a target disease is high, the high cost 

of a vaccine would prohibit its universal vaccination. Affordable 

and well-informed individuals may decide to pay these expensive 

vaccines, resulting in inequalities that is undesirable but perhaps 

unavoidable.

The long-term effects of the vaccination program should also be 

considered. There is still limited knowledge on the evolutionary 

consequences of vaccination, such as unpredictable events, 

unwanted adverse reactions or insufficient efficacy. Theoretically, 

vaccination can completely disrupt microbial transmission and 

thus stop microbial evolution[24]. However, in most situations, 

vaccination cannot completely halt the disease transmission but 

accelerates the evolutionary of pathogen. This consequence may 

include the changes in antigenic composition affecting the vaccine 

efficacy, or in virulence and transmissibility of the pathogen. In spite 

of comprehensive pertussis vaccination, the disease is re-emerging 

worldwide[25]. The emergence of the escape variants has been 

illustrated as one of the important reasons for its resurgence. Other 

potential long-term consequences of vaccination program include 

a shift in age distribution of infection and changes in severity of 

disease. For example, varicella vaccination in children can reduce 

varicella-zoster virus circulation, causing waning immunity in the 

elders and making them more vulnerable for herpes zoster[26]. In 

fact, the occurrence, direction, and magnitude of these long-term 

effects are speculative, but they should be considered and estimated 

as accurately as possible. We recommend that we should  implement 

surveillance for detecting the long-term consequences of vaccination. 

  After a decision to change the vaccination program, the safety and 

effectiveness of vaccines should be monitored carefully, not only to 

evaluate the current status, but also to prepare for future changes[27]. 

Clinical-epidemiological surveillance is a necessary tool to measure 

the effectiveness in reducing the disease burden and the temporal 

trends. Vaccination coverage evaluation is also needed to predicate 

the acceptance of the program. Regions or sub-populations that have 

lower vaccination coverage should be identified and timely measures 

to maintain the herd immunity should be taken. Immune surveillance 

for monitoring the markers and degree of protection for the target 

populations can help us detect the waning of immunity and alter 
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circulation of pathogens. For example, vaccine-induced reduction in 

measles virus circulation may decay levels of maternal antibodies, 

demanding a solution to protect the infants earlier[28]. Surveillance 

of microbial dynamics, resulting from natural or vaccine-driven 

evolution, can help us know the replacement of a vaccine strain by a 

better matching prevalent strain. Safety surveillance, such as AEFI 

surveillance, can allow a comparison between benefits and adverse 

events of the vaccination program. By comparing the benefits and 

risks of vaccination, many countries replaced the oral polio vaccine 

that led to vaccine-associated paralytic polio in rare cases, with safer 

inactivated polio vaccines[29].

  In this analysis, a series of essential questions have been raised and 

factors which should be analyzed in the planning of publicly-funded 

immunization programs are presented. The proposed analytical 

framework may be utilized to implement a new program, or  to 

structure discussions and consensus-building activities in expert 

committees at provincial or peripheral level. It can also serve as 

a tool for teaching and public education. This tool can be used in 

appropriate structures or processes to assistant decision-makers in 

various contexts and make decisions more efficiently.

  Any decision of implementing a vaccination program should be 

made based on evidence as much as possible, but some consequences 

of introducing a new vaccine or changing a schedule may not be 

predictable. A decision on the introduction of a vaccine always 

brings uncertainties such as antigenic changes, altered microbial 

interactions, evolutionary consequences, and future economic 

circumstances, etc. However, reducing these uncertainties should 

be one of the core tasks of vaccination programs. The decision to 

introduce a vaccine into the vaccination program should be taken 

seriously, scientifically and ethically. Similarly, removing a vaccine 

from the existing vaccination program should be more prudently.
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