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The infant and child stage is an important stage for the continuation and development of human society. The initial years of life have a lasting impact on a child's future. Children under the age of 5 have an immature immune system, especially infants and young children under 6 months of age. At this stage, the population has a low immunity to pathogen infections, making them vulnerable to bacteria and viruses. Vaccination can enhance the immunity of infants and children to specific diseases, reduce the transmission rate of infectious diseases, and promote the development of global public health. This article summarizes the current application status of Rotavirus (RV) vaccine, Hand-foot -mouth disease (HFMD) vaccine, and Pneumococcal Conjugate Vaccine (PCV) in China, as well as the research progress of clinical trial vaccine, laying a foundation for subsequent vaccine development.
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1 Introduction

In the current world, infants and children are the future of society, and their health status directly affects the development and stability of a country. Therefore, preventing children's diseases and ensuring their healthy growth is the common responsibility and mission of the whole society. Vaccination plays a crucial role in preventing potentially life-threatening infectious diseases and has been proven to be the most cost-effective method (1). Prevention is far more cost-effective than treatment, and timely vaccination can reduce the consumption of medical resources and economic losses caused by diseases. After large-scale vaccination of preventive vaccines in the population, infectious diseases can be effectively prevented and controlled, and it helps to form a herd immune barrier (2).

According to research, RV is the most common pathogen causing severe diarrhea in children under 5 years old worldwide. Every year, 400,000–600,000 children die from RV infection. With the promotion of RV vaccine, the number of deaths per year has decreased to around 200,000 (3). In countries that have not introduced RV vaccine, the proportion of RV detected annually in hospitalized patients with acute gastroenteritis is significantly higher than in countries that have already received RV vaccine (4). HFMD also occurs mostly in children under the age of 5 years. The incidence rate and mortality rate of HFMD have long ranked first among Class C infectious diseases in China, seriously endangering the life and health of children (5). In addition, as one of the important pathogens in humans, Streptococcus pneumoniae (S. pneumoniae) can cause invasive pneumococcal disease (IPD) (6), especially in children under the age of 5 years, IPD has caused a heavy disease burden globally, including in China (7). In China, most vaccines for children under 5 years old are included in the national immunization program. Through the vaccination of these vaccines, the occurrence of infectious diseases has been effectively controlled. However, vaccines against the three infectious diseases mentioned above are not included in the national immunization program. These non-immunization vaccines can prevent diseases with high incidence and mortality rates, which are equally important in protecting children's health as the national immunization program vaccines. Therefore, this article reviews and summarizes the main vaccines for preventing these three types of infectious diseases that have been listed in China.



2 Relevant sections


2.1 RV vaccine

RV is a double stranded ribonucleic acid virus that can infect intestinal epithelial cells of infants and young children through fecal pathways, causing cell damage and leading to diarrhea (8). In severe cases, it can cause dehydration and death in infants and young children. The genome of RV mainly encodes 6 non-structural proteins (NSP1-NSP6) and 6 structural proteins (VP1, VP2, VP3, VP4, VP6, VP7) (9). VP6 is the most abundant structural protein and the main determinant of histone reactions (9). The shell proteins VP4 and VP7 determine serotype specificity, forming the basis for the binary classification of viruses (G-type and P-type) (10). According to the RV classification working group survey, 42 G-type and 58 P-type have been isolated globally (11). Due to the independent variation of G-type and P-type, a dual naming system is usually used to determine the strain type (12). Among them, VP7 (G1-G4, G9, and G12) binds to VP4 (P (4), P (6), and P (8), causing most humans worldwide to be infected with RV and leading to diarrhea (13). In recent years, the main serotypes of RV prevalent in China include G1, G2, G3, G4, and G9 (14).

The RV vaccine is the most effective and economical medical means to prevent RV infection. At present, the seven RV vaccines used on the global market are all oral attenuated live vaccines, mainly divided into monovalent vaccines and multivalent vaccines. There are four types of monovalent vaccine, a monovalent attenuated live vaccine (Rotarix) produced by GlaxoSmithKline (GSK) in the UK, a liquid frozen monovalent RV vaccine (Rotavac) produced by Bharat Biotechnology in India, and a monovalent attenuated live vaccine (Rotavin-M1) produced by the Vietnam Biological Products Production and Research Center, a monovalent RV vaccine (LLR) produced by Lanzhou Institute of Biological Products Co., Ltd. There are three types of multivalent vaccine, a pentavalent oral RV vaccine (RotaTeq) produced by Merck, a pentavalent RV vaccine (Rotasiil) produced by the Indian Serum Research Institute, a trivalent attenuated live RV vaccine (LLR3) produced by Lanzhou Institute of Biological Products Co., Ltd.

There are currently three types of RV vaccines on the market in China (as shown in Table 1), namely LLR, LLR3, and RotaTeq. LLR vaccine originated from an RV strain (G10P) isolated from lambs in 1985 (15). After being cultured in calf kidney cells, this strain became the first attenuated RV live vaccine in China to obtain production permits. Children should be vaccinated according to the following immunization program: Children aged 2 months to 3 years old should receive one dose per year (16). The investigation and research after the launch of LLR showed that the LLR vaccine had a protection rate of 35.0%–73.3% against RV gastroenteritis (RVGE), and had higher protection against moderate RVGE caused by G3 serotype (17, 18). After many clinical observations, LLR vaccine is safe and effective, and can significantly reduce the incidence rate of RVGE (19).


TABLE 1 RV vaccine, EV-A71 and PCV13 in China.

[image: Table 1]

LLR3 is an oral trivalent RV vaccine that recombines with G2, G3, and G4 based on LLR to obtain a trivalent human-sheep RV recombinant strain (20). A phase III clinical study was conducted in Henan, China, involving 9,998 healthy infants aged 6–13 weeks. The research results indicated that the vaccine had good immunogenicity, efficacy, and safety, and had good cross-protective effects. Although it only covers the G2, G3, and G4 serotypes, it can still effectively prevent diarrhea in infants and young children caused by the G1 and G9 serotypes (20).

RotaTeq is a pentavalent oral RV vaccine produced by Merck and is currently one of the most widely used RV vaccines in the world (21). RotaTeq is an oral attenuated live vaccine containing five human bovine RV reassortments [G1, G2, G3, G4, P1A (8)], which can effectively prevent RVGE in infants and young children caused by G1-G4 and G9 (22). This vaccine can be used for vaccination of infants and young children aged 1.5–8 months. In clinical trials, the RotaTeq vaccine has been proven to be highly effective (>85%) in reducing severe RV disease in both developed and developing countries (23). However, the efficacy of vaccines in underdeveloped regions such as Africa was lower than that in developed countries (24). But the vaccine can also cause adverse reactions to the gastrointestinal tract, including diarrhea, vomiting, etc., by stimulating the intestinal immune response (25).

The Wuhan Institute of Biological Products has developed a 6-valent gene reassortment vaccine by reassorting six human VP7 genes and bovine genes and has completed the third phase of clinical trials. The vaccine covers six popular serotypes, including G1-G4, G8, and G9. In the Phase I clinical trial, 120 healthy infants aged 6–12 weeks were studied and demonstrated good safety and immunogenicity (26). In the Phase III clinical trial, a multicenter, efficacy, safety, and immunogenicity clinical study was conducted on 6,400 infants aged 6–12 weeks. The results showed that the protection rates of oral hexavalent reconstituted RV live vaccine against gastroenteritis, severe gastroenteritis, and hospitalization due to gastroenteritis caused by the serotype RV contained in the vaccine were 69.21%, 91.36%, and 89.21%, respectively. This study showed that oral hexavalent reconstituted RV live vaccine has good protective effects on Chinese infants (14).



2.2 HFMD vaccine [enterovirus A71 (EV-A71) vaccine]

HFMD is a common childhood disease caused by various enteroviruses, often occurring in children under the age of 5 (27). Among them, coxsackie virus A16 (CVA16) and EV-A71 are the most common, with approximately 90% of HFMD caused by EV-A71 (28). After being infected with these viruses, rash will grow on the mouth, hands, and feet, and the distribution characteristics are obvious. Mild symptoms usually recover well about a week after symptom treatment. However, when the symptoms of the disease are severe, conditions such as encephalitis and pulmonary edema may occur, which are life-threatening (5) and cause a significant financial burden to the patient's family (29, 30).

In response to HFMD caused by EV-A71, the Institute of Medical Biology of the Chinese Academy of Medical Sciences has taken the lead in developing the inactivated EV-A71 vaccine (2BS cell, as shown in Table 1), The vaccine was administered to children aged 6 months to 3 years old. The protection rate against HFMD caused by EV-A71 can reach 97.3%. The research findings were published in the world's top medical journal (the New England Journal of Medicine) in 2014 (31). In addition, in Phase IV clinical trial, the vaccine showed an overall protective efficiency of 89.7% against EV-A71 and an incidence of adverse events of 4.58% through long-term observation of vaccinated children for up to 14 months (32). Through the Phase IV clinical trial, the vaccination target of this vaccine has been changed from children aged 6 months to 3 years old to children aged 6 months to 5 years old. The vaccine has effectively reduced the incidence rate of HFMD in children in China, reduced severe cases and deaths, and protected children's lives and health. The EV-A71 inactivated vaccine (Vero cell, as shown in Table 1) developed by Wuhan Institute of Biological Products Co., Ltd. was launched in 2017. This vaccine is suitable for children aged 6 months to 3 years old. In June 2013, THE LANCET published the first clinical study on the efficacy evaluation of inactivated EV-A71 vaccine in China. This study reported for the first time the effectiveness of the EV-A71 inactivated vaccine in children, covering 22,123 healthy infants and young children aged 6–35 months. Research indicated that the protection rates of EV-A71 vaccine against EV-A71-induced diseases, HFMD, and hospitalized/severe cases of HFMD were 81.85%, 90.93%, and 100%, respectively (33).

The EV-A71 inactivated vaccine (Vero cell, as shown in Table 1) produced by Sinovac Biotech Co., Ltd. was launched in June 2016 to prevent HFMD caused by EV-A71 infection in children aged 6 months to 3 years old. The vaccine showed a protective efficiency of 94.8% against EV-A71-related HFMD in Phase III clinical trials of children aged 6–35 months (34). In order to provide more children with EV-A71 vaccine protection, a phase III clinical trial was conducted in children aged 36–71 months and completed in 2019. The research results showed that after receiving two doses of vaccine, the neutralizing antibody positivity rate of children in this age group was significantly higher than that of the control group in the same age group, demonstrating good safety and immunogenicity (35). In June 2021, the age range of the vaccine was extended to children aged 6–71 months, providing EV71 vaccine protection for a wider range of age groups.



2.3 PCV (13-valent PCV, PCV13)

S. pneumoniae also known as pneumococcus, is a type of streptococcus, can cause varying degrees of infection (36). For example, acute otitis media, sinusitis, pneumonia and meningitis are common causes of incidence rate and mortality in the pediatric population (37). S. pneumoniae can be classified into more than 90 serotypes based on the specificity of its capsule polysaccharides, with more than 20 serotypes being truly pathogenic (38). There are currently three types of PCV13 listed in China (as shown in Table 1), namely Prevnar 13 vaccine produced by Pfizer, Weuphoria vaccine from Walvax Biotechnology Co., Ltd., and Weiminfeibao vaccine from Beijing Minhai Biotechnology Co., Ltd. These three vaccines cover the same serotypes of S. pneumoniae, including 13 serotypes: 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, and 23F. Among them, 3, 5, 6A, 6B, 9V, 14, 18C, 19A, 19F, and 23F are the most common serotypes in China, with a clear regional distribution (39, 40). From this perspective, PCV13 for children can be used for active immunity in infants and young children to prevent S. pneumoniae infection.

Prevnar 13 is the only imported original PCV13 in China, using CRM197 as a protein carrier to overcome the deficiency of polysaccharide vaccine in inducing immune responses in infants and young children under 2 years old. CRM197 protein is a mutant of diphtheria toxin (DT), which loses its cytotoxicity due to the loss of ADP ribosyl transferase activity (41). It can serve as a carrier protein for polysaccharide vaccines, effectively enhancing the immunogenicity of polysaccharide antigens, and is widely used in the field of vaccine development (42). In 2023, the vaccination age for PCV 13 was extended from 6 weeks to 15 months old to 6 weeks to 5 years old in China. Because a large amount of clinical data has proven that the vaccine has high safety and immunity in children aged 6 weeks to 5 years old, and reduces the incidence of IPD (43–45). After the introduction of PVC13, the incidence of invasive pneumonia in 8 children's hospitals in the United States significantly decreased (46). For the pediatric population, PCV13 was initially approved for use in infants and children under 5 years old, as the effectiveness and safety of clinical data has led to the approval of the vaccine for expanded use (6 weeks to 17 years old) in the European Union and the United States (47).

As the first independently developed PVC13 in China, Weuphoria is the second PVC13 globally. The vaccine uses tetanus toxoid (TT) as the viral vector. The carrier protein is an inactivated TT that has been treated with formaldehyde (48). There may be residual formaldehyde and incomplete detoxification of TT during production (49), and close attention should be paid to production testing. The Phase III clinical trial data of Weuphoria showed that the positive rate and geometric average titer of antibodies against 13 serotypes of pneumococci were not inferior to similar imported products. This vaccine has good effects on infants and children aged 6 weeks to 5 years (before their 6th birthday) (50). A recent study showed that there was no significant difference in adverse reactions after vaccination with Weuphoria and Prevnar 13, and most of the adverse reactions were mild and common (48).

Weiminfeibao vaccine uses two carrier proteins (TT/DT) to bind to pneumococcal capsule polysaccharides, making it the world's first dual-carrier PCV13. The single and repeated administration of the vector may affect the immunological efficacy after vaccination, or lead to immune suppression caused by the vector (51, 52). The use of dual carriers can avoid the inhibitory effect of a single carrier protein competing with helper T cells on polysaccharide immune response. The Phase III clinical trial data of Weiminfeibao vaccine (53) showed that the antibody positivity rate and geometric mean titer against 13 serotypes of pneumococci were not inferior to similar imported products, and had good immune effects on infants and children aged 7 months to 5 years.




3 Discussion


3.1 RV vaccine

In recent years, some progress has been made in the development of RV vaccine. Three types of RV vaccines have been launched in China, as introduced earlier. From a global perspective, there are still four types that have not been listed in China. The monovalent attenuated live vaccine Rotarix produced by GSK is derived from human RV and causes minimal allergic reactions after direct administration. Although it is a monovalent vaccine, clinical studies have shown that it can provide cross-protection against most serotypes of RV (54). The first self-developed monovalent human bovine recombinant vaccine (Rotavac) from India has good immunogenicity against RV with serotype G9P (11, 55). In addition, the freeze-dried pentavalent vaccine produced in India can be stored at 2–8℃ for 30 months. The phase III clinical trial data of Kulkarni et al. showed that the incidence rate of RVGE in the vaccine group was significantly lower than that in the placebo group (56). The Rotavin-M1 vaccine was approved for sale in Vietnam in 2014 and its immunogenicity was investigated in different doses of infants and young children in Vietnam. The results showed that two doses of the Rotavin-M1 vaccine had good immunogenicity in this stage of the population in Vietnam (57). However, the above-mentioned vaccines have not yet been introduced to China, but the effectiveness and safety demonstrated by clinical data are worth our reference, and the development path of vaccine is worth learning from.

With the widespread use of RV vaccines, the prevalence of RV in different regions of the world has also changed, and new dominant strains of RV are constantly changing, posing challenges to the protective effects of the existing RV vaccines. At present, there are potential safety issues with commercialized oral attenuated live vaccines, as well as poor immune efficacy in some low-income countries. It is necessary to develop safer and more efficient multi-valent or multivalent vaccines to prevent the troubles caused by RV in humans.

The RV-attenuated live vaccines increases the risk of intussusception due to oral administration (58). After receiving the RotaTeq vaccine in Mexico, there was 1 case of intussusception per 51,000 infants, and after receiving the RotaTeq vaccine in Australia, there were 5.6 cases of intussusception per 100,000 infants (59). In 2016, a study by Tate, J.E et al. showed a small increase in intussusception hospitalizations in children between 8 and 11 weeks after most first doses of the vaccine, but a significant decrease in RV disease, and the benefits of RV vaccination outweighed the increased risk of intussusception (60). In 2021, A review published by Bergman, H et al. pointed out that Rottarix, RotaTeq, Rotasil, and Rotavac can prevent RV diarrhea attacks without increasing the risk of serious adverse events, including intussusception (61). Previous studies have shown that non-replicative RV vaccines immunized through non gut routes produce good protective antibodies in volunteer vaccine research trials (62). Many vaccines for non-intestinal immunity are currently research hotspots, such as subunit vaccines, VLP vaccines, inactivated vaccines, etc., which avoid the shortcomings of some oral vaccines and improve the effectiveness and accessibility of vaccines. The P2-VP8-P (8) recombinant subunit vaccine, as a candidate vaccine for extraintestinal RV, is formed by fusing the VP8 truncated subunit with the P2 epitope of TT. In 2016, a study evaluated the safety and immunogenicity of different doses of P2-VP8-P (8) subunit vaccine. 528 infants were enrolled in this experiment, and the experimental group's anti-P2-VP8 IgG serum showed significantly higher antigen responses to P (4), P (6), and P (8) compared to the control group (63). At present, there are inactivated RV vaccines (IRVs) based on the G1P (8) strain, which have shown good immune and protective effects in animal experiments. After administration to mice, they produced strong serum antibodies and could also induce intestinal mucosal immunity (64). In addition, RV-VLP vaccines have also developed rapidly. As early as 1987, Estes et al. (65) synthesized the main capsid antigen of RV using a rod-shaped virus expression system. Up to now, RV-VLP has been prepared by co-expressing proteins such as VP2, VP4, VP6, and VP7 using a rod-shaped expression system, and their immunogenicity has been evaluated in mouse experiments (66). A recent study combined Norovirus VLP and recombinant RV VP6 protein produced by the baculovirus insect cell expression system to form a vaccine for the protection of acute gastrointestinal viral diarrhea in children (67). However, the vaccine has only been evaluated for immunogenicity and safety in animal models and has not yet been tested in humans. In addition, studies have shown that compared to subunit vaccines, lower doses of antigens are sufficient to trigger similar immune responses in VLP vaccines (68). With the deepening of research, it is believed that the development technology of RV vaccine will become more mature shortly, and new vaccine will also be safer, more efficient, and more cost-effective.



3.2 HFMD vaccine

There are over 20 types of enteroviruses that cause HFMD, including EV-A71, CVA16, CVA10, CVA6, and so on (69). Since the independently developed EV-A71 inactivated vaccine was approved and promoted for use in China in 2015, the positive detection rate of EV-A71 in HFMD cases has significantly decreased compared to before. The conversion of dominant strains of HFMD has been monitored in many places, and CVA6 and CVA10 have gradually become dominant strains (70, 71). The prevalence of HFMD caused by CVA10 infection is generally more prevalent in the eastern and central regions, and relatively less prevalent in the western regions (72–74). CVA10 infection can also lead to severe HFMD, and CVA10 infection is more likely to cause Herpangina (HA) (75). Since July 2018, CVA6 has become the main pathogenic serotype of HFMD, accounting for 63.5% and 36.2% of mild and severe patients, respectively (76). However, there are currently no preventive vaccines or specific therapeutic drugs targeting CVA6 and CVA10. The complex and variable HFMD pathogens pose a serious challenge for better control of the HFMD epidemic. Therefore, accelerating the development of HFMD multivalent vaccines with high efficiency and broad-spectrum protection, including CVA6, CVA10, and CVA16, is an inevitable trend.

Immune interference is a technical challenge in studying multivalent inactivated vaccines compared to monovalent inactivated vaccines (77). In 2018, the bivalent inactivated CVA6/CVA10 whole virus vaccine developed by Zhang et al. (78) showed no immune interference in the immune response and effectively stimulated the body to produce neutralizing antibodies, capable of simultaneously neutralizing CVA6 and CVA10. Subsequently, the trivalent inactivated vaccine (CVA6/CVA16/EV-A71) developed by Caine et al. was observed to provide complete protection against fatal attacks on EV-A71 and CVA16 in mouse models. In addition, serum passive transfer studies targeting trivalent vaccine have demonstrated the importance of neutralizing antibodies against CVA6 in controlling HFMD-related enterovirus infections (79). In addition, the trivalent inactivated vaccine (CVA16, CVA10, and CVA6) developed by LIM et al. can induce humoral immunity to produce neutralizing antibodies with protective effects (77). In 2016, Liu et al. preliminarily evaluated the immunogenicity of the tetravalent inactivated vaccine (CVA6/CVA10/CVA16/EV-A71) in a mouse model (78). The vaccine can induce mice to produce specific neutralizing antibodies against these four immunogens, further demonstrating the feasibility of the HFMD multivalent inactivated vaccine.

Compared to the traditional vaccine development route, virus-like particle(VLP) vaccine maintain the structure of viral capsid proteins under the condition of no genetic material, and can simultaneously induce efficient cellular and humoral immunity, with high immunogenicity and safety (80). The current research and development of HFMD VLP vaccine are progressing rapidly. Various serotypes of monovalent and multivalent VLP vaccines have produced corresponding neutralizing antibodies with protective effects against relative pathogens (81–84). But these vaccines have only shown good immunogenicity in animal trials, and clinical trial data in humans remains to be verified. The EV-A71 VLP vaccine prepared by Wang et al. (83) has been approved for Phase I clinical trials and is expected to become the next HFMD vaccine to be launched.



3.3 PCV vaccine

S. pneumoniae, as a common pathogen, is a common cause of incidence rate and mortality in the pediatric population. In 2017, in China, due to infection with S. pneumoniae. The pandemic has caused 570,000 cases of children under the age of 5 years, with 8,010 deaths among them (85). The continuous use of antibiotics in controlling diseases caused by pneumococci has led to some serotypes having resistance to certain antibiotics reaching over 80%, making treatment difficult (86). The disease caused by S. pneumoniae urgently requires vaccine to control it, in order to reduce the damage to the human immune system.

In 2000, Wyeth developed the world's first PCV7 vaccine (4, 6B, 9V, 14, 18C, 19F, and 23F), which was launched in the United States and approved for use in infants and children under 5 years old (87). It was also launched in China in 2008. According to statistics, after PCV7 vaccination, the incidence rate of IPD among infants and young children decreased by more than 80% (88). Wang et al. conducted a study in China on children aged 2–5 who received a single dose of PCV7. The results showed that the average concentration of all 7 serotypes of IgG in the experimental group was significantly higher than that in the control group, and there were no serious adverse reactions. The vaccine has good immunogenicity and safety for this age group (89). The PCV10 (Synflorix) (90) vaccine, produced by GSK, contains serotypes 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, and 23F, suitable for infants and young children aged 6 weeks to 2 years. In 2006, a study showed that the vaccine had a similar response rate to the serotype antibodies shared by PCV7, and added three serotypes, which could prevent more IPD (91). In 2010, the PCV13 (Prevnar 13) developed by Pfizer was used in the United States, and in 2016, studies showed that the protective effect on the common serotypes of PCV7 was equivalent, and the incidence rate of the new serotypes 1, 3, 5, 6A, 7F and 19A decreased significantly (92). The PCV15 (Vaxneuvance) vaccine produced by MSD includes serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F, 23F, 22F, and 33F. With the support of safety and immunogenicity data in different stages of the population, it is suitable for pediatric population from 6 weeks to under 18 years old and adult population from 18 years old and above. Vaxneuvance produced robust immune response to each of the 15 serotypes as assessed by IgG GMCs and response rates, and the vaccine had a similar response rate to the common serotypes of PCV13, with higher response rates for serotypes 22F and 33F (93). The PCV20 (Prevnar20) produced by Pfizer has added 7 serotypes on top of Prevnar13 and is currently suitable for people aged 18 and above. A recent Phase 3 study in Japan, Prevnar20 was injected into healthy infants aged 2–6 months. The results showed good safety and tolerability to healthy infants, and it can induce a strong serotype specific immune response (94). In a phase 3 clinical study conducted in the United States, the results showed that Prevnar20 can trigger a strong serotype specific immune response with good tolerance, which is expected to help protect infants and young children from the impact of pneumococcal disease caused by 20 serotypes (95).

In addition, several 23 valent pneumococcal polysaccharide vaccines (PPV23) listed in China contain 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19F, 19A, 20, 22F, 23F, 33F and other serotypes, which can prevent related serotype S. pneumoniae infectious diseases. However, because the capsular polysaccharide is a T-cell-independent antigen, it cannot trigger the protective immune response in infants with an imperfect immune system, and can only be used for children and adults over 2 years old (96).

Some studies show that the incidence rate of IPD in children under 5 years old will decrease significantly after PCV is included in national immunization (97). The World Health Organization recommends that countries include PCV in their child immunization plans, but in China, the PCV vaccine is a non-immunization plan vaccine. The PCV vaccine, as the most effective and economical means of preventing pneumococcal diseases, has a much lower PCV vaccination rate in China than at the international level, and the indirect vaccination rate is uneven in different regions. Only by accelerating the research and development of pneumonia vaccines and reducing production costs can the vaccination rate be improved. Currently, according to Insight data, multiple companies such as CanSino Biologics Inc., Lanzhou Institute of Biological Products Co., Ltd., Sinovac Biotech Co., Ltd., and AIM Vaccine Co., Ltd. are also conducting research and development on the PCV13, and are looking forward to the release of clinical data.




4 Conclusions

At present, vaccines administered to infants, young children, and children in China include planned immunization vaccines and non-planned immunization vaccines. For example, BCG vaccine, IPV vaccine, hepatitis B vaccine, etc., the coverage rate of such immunization programs is very high, which greatly eliminates the harm of these infectious diseases to children. However, non-immunization vaccines such as RV vaccine, HFMD vaccine, PCV13 vaccine, etc., due to their high manufacturing costs, have a much lower vaccination rate for this group of people compared to developed countries abroad. Vaccines can only improve health and prevent deaths if they are used, and immunization schedule must be able to achieve and sustain high vaccine uptake rates. Vaccine hesitation is an increasingly important issue for national immunization plans. The emergence of vaccine hesitancy (98) is mainly due to concerns about vaccine safety and disregard for the harm of infectious diseases. We need to timely strengthen the audience's awareness of vaccines and the diseases they prevent, and reduce vaccine hesitancy by increasing the enthusiasm of medical personnel, increasing vaccine supervision, and establishing trust monitoring mechanisms. In addition, it is necessary for companies and countries producing vaccines to lay out and develop safer, more efficient, and more cost-effective new vaccines as soon as possible.

Safety should be the primary consideration before vaccination for infants and young children. The effectiveness of vaccine such as RV vaccine, HFMD vaccine, and PCV13 vaccine listed in China is evident, but there are still different immune reactions among individuals, which may cause mild adverse reactions such as local redness and swelling, fever, and serious adverse reactions such as allergic reactions and neurological complications. Therefore, in clinical trials and after the launch of vaccine, it is necessary to monitor and evaluate adverse reactions after vaccination, promptly identify and address potential safety issues, and ensure the health and safety of vaccinators.
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