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Objectives: Currently, in China, several strategies exist to prevent mother-to-child transmission (MTCT) of the hepatitis B virus (HBV). These include providing Hepatitis B vaccination and hepatitis B immunoglobulin (HBIG) injection with different types of administration and dosages. The aim of this study is threefold: first, to evaluate the economic viability of current hepatitis B vaccination strategies for preventing MTCT from a public health policy perspective; second, to optimize the current immunization strategy for preventing perinatal transmission of the HBV; and third, to offer policy options to the National Health Commission in China.

Methods: To simulate the disease outcome for the entire life of newborns infected with HBV, a Markov model with eight possible health states was built by using TreeAge Pro 2011 software. In the present study, the model parameters were probability and cost, which were extracted from literature and calculated using Microsoft Excel 2013. The optimal immunization strategies were identified through cost-benefit analyses. A benefit-cost ratio (BCR) > 1 indicated that the strategy had positive benefits and vice versa. A one-way sensitivity analysis was used to investigate the stability of the results.

Results: From a public health care system perspective, we evaluated the economic viability of 11 strategies in China. For all 11 strategies, the BCR was > 1, which indicated that the benefits of all the strategies were greater than the costs. We recommended strategy number 9 as being optimal. In strategy number 9, babies born to hepatitis B surface antigen (HBsAg)-positive mothers were given an HBIG (200 IU) within 24 h of birth and three injections of hepatitis -B vaccine (20-μg each) at 0, 1, and 6 months, and the strategy had a BCR of 4.61. The one-way sensitivity analysis revealed that the full vaccination coverage and effective rates of protection were two factors that greatly influenced the BCR of the different prevention strategies; other factors had little effect.

Conclusion: The benefits of all strategies were greater than the costs. For decision-making and application, the strategy should be based on local socio-economic conditions so that an appropriate immunization strategy can be selected.
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INTRODUCTION

Hepatitis B virus (HBV) infection is a public health problem worldwide. It causes acute and chronic liver disease and puts people at a high risk of death from cirrhosis or hepatocellular carcinoma (1). Chinese patients account for approximately one-third of the 350 million individuals infected with HBV worldwide, which also causes a substantial economic burden (2).

As the major route of HBV transmission, mother-to-child transmission (MTCT) accounts for 40–50% of chronic infections (3). Effective intervention measures are urgently needed to prevent MTCT of HBV. In China, since 2002, every newborn is required to be vaccinated against HBV at birth, 1 month, and 6 months. The prevalence of women of childbearing age in China (4) being infected with HBV is documented to be 7.18%.

Hepatitis B immunoglobulin (HBIG) is a substance collected from healthy human blood. It is administered widely to provide passive prophylactic immunity against HBV infection (5–7). The use of an immunization strategy based on a combination of the hepatitis B vaccine and HBIG to block MTCT has achieved significant clinical effects: low prevalence of intrauterine infection, higher protection, and fewer adverse events (5–8). In China, several strategies for preventing MTCT of HBV involve hepatitis B vaccination and HBIG with different administration routes and doses (8). In Europe and the US, a few cost-benefit studies have been conducted to assess their strategies for preventing MTCT of HBV through combined immunization using HBIG (9). However, those results cannot be directly applied to China because the prevalence of HBV, economic conditions, the susceptibility of people, and modes of transmission vary in different countries. Although economic evaluations of strategies for preventing MTCT of HBV were undertaken in China, a long-term assessment is still lacking (10). Therefore, it is necessary to evaluate the economic viability of the current hepatitis B vaccination strategies for preventing MTCT in China from a public health policy perspective. The approach can optimize the current immunization strategy for preventing MTCT of HBV and offer suggestions to the National Health Commission in China.



MATERIALS AND METHODS


Target Population

Eleven strategies for preventing MTCT of HBV in China were analyzed. The target population of the 11 strategies was newborns of pregnant women who were positive for the surface antigen of the hepatitis B virus (HBsAg) and double-positive for HBsAg/ hepatitis B e antigen (HBeAg).

There were four types of prevention strategies. The first strategy involved pregnant women receiving an injection of HBIG in the late pregnancy period and newborns being vaccinated with the hepatitis B vaccine. The second strategy comprised newborns being vaccinated with HBIG and the hepatitis B vaccine simultaneously. The third strategy involved newborns being vaccinated only with the hepatitis B vaccine. The fourth strategy comprised pregnant women receiving an injection of HBIG late into their pregnancy and newborns being vaccinated with HBIG and the hepatitis B vaccine simultaneously. The dose of the hepatitis B vaccine could be 5, 10, or 20 μg, and the babies were inoculated three times (0, 1, and 6 months) (Table 1).


Table 1. Strategies for preventing MTCT of HBV.
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After the implementation of a certain strategy, vaccinated subjects were divided into “vaccinated” and “not vaccinated” groups. People in the vaccinated group were further divided into “immune-protected” and “not immune-protected” groups, in which each subject with hepatitis B surface antibody (anti-HB) titer >10IU/mL was considered to be immune-protected. Newborns who were not vaccinated or not immune-protected were considered to be susceptible and likely to be infected with HBV.



Evaluation Method

A cost-benefit analysis is a basic analytical method that compares the costs and benefits in monetary terms (11). In the present study, “costs” referred to the cost of immunization under the different prevention strategies and the economic loss due to failed inoculation of the hepatitis B vaccine in the susceptible population. The “benefits” were costs saved due to effective prevention of HBV infection and related diseases. According to the cost and benefit of different immunization strategies, we calculated the benefit-cost ratio (BCR) of each immunization strategy. A BCR >1 indicated that the strategy had positive benefits and vice versa. The larger the BCR, the greater the benefits of the strategy. The formula for calculating the BCR is:
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where Bt is the benefit of t years, Ct is the cost of t years, t is the research time, and r is the discount rate.



Modeling
 
Modeling Method

Based on the 11 strategies in China to prevent MTCT of HBV, we constructed a multi-level decision tree model (Figure 1). To simulate the long-term outcome of the disease on the entire life of newborns infected with HBV, a Markov model was built using TreeAge Pro 2011. This Markov model decision tree was created to undertake a cost-benefit analysis of the 11 strategies.


[image: Figure 1]
FIGURE 1. Decision tree for the strategies used to prevent MTCT of HBV. *Represents time of inoculation.




Markov Model Decision Tree Structure

The Markov model decision tree in the study was constructed based on the disease course of hepatitis B and the effect of an intervention on disease progression. We refereed vaccination guidelines, reviews, and the literature for the prevention and treatment of HBV infection published up to 31 January 2018. Finally, with available data, we constructed a Markov model with eight possible health states (Figure 2) HBV susceptible population; acute infection; immunization after infection; HBV carriage; chronic hepatitis B disease (HBD); compensated cirrhosis; decompensated cirrhosis; liver cancer; and death. After that, we also consulted clinical and pharmacoeconomic experts, and the rationality of the model structure and assumptions were approved by the experts.


[image: Figure 2]
FIGURE 2. Markov diagram after HBV infection.




General Assumptions About the Model

Based on available data and the actual situation, four main hypotheses were made during the construction and analysis of the Markov model decision tree of strategies for preventing MTCT of HBV: The first hypothesis was that the immunity obtained by a hepatitis B-susceptible population by vaccination or HBV infection would be lifelong. The second hypothesis was that we considered only the prevention strategy which affected the vaccination target directly [shown by the positive conversion rate (PCR) of hepatitis B surface antibody (anti-HBs)] but not the immune barrier formed by the immunity of the population. The third hypothesis was that the cost of adverse reactions of HBV infection and HBIG administration was not considered with regard to their high safety, low probability of adverse reactions, and low risk of death (12). The fourth hypothesis was that in addition to the respective rates of death from severe hepatitis B disease (HBD), decompensated cirrhosis, or liver cancer, death from natural causes was used for all other health states in the Markov model.




Parameters

The parameters of the model in this study were probability and cost. The probability parameters were as follows: effective rates of protection (ERP)/PCR of anti-HBs; full vaccination coverage (FCV), the annual rate of HBV infection among the susceptible population; and probability of disease transition after HBV infection. The cost parameters were as follows: the vaccination cost for each strategy for preventing MTCT of HBV; the economic burden of HBD and related diseases; age-specific life expectancy; and discount rate.

When estimating parameters, we first selected results from national surveys or authoritative health institutions [e.g., the Chinese Center for Disease Control and Prevention (CDC)]. If such results were unavailable, meta-analysis results of relevant studies or large-sample randomized controlled trials were used as references. If the methods stated above were unworkable, expert interviews or references to relevant literature from China were used.


ERP/PCR of Anti-HBs

We systematically reviewed the clinical literature published in English or Chinese using the database of SinoMed, China National Knowledge Infrastructure, Chongqing VIP Information, and Pubmed from 31 January 2018. To estimate the ERP, we used the following keywords: “hepatitis B vaccin* OR HBV vaccin* OR HBIG OR hepatitis B immune globulin, and mother-to-fetus OR mother-to-child OR MTCT OR vertical transmission”. The target population was limited to people from China.

Through literature review, 15 articles were included. We extracted the ERP/PCR of anti-HBs for each strategy from literature or estimated value (Table 2).


Table 2. ERP/PCR of anti-HBs and FVC for 11 immunization strategies.
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FVC

We estimated the FVC for each strategy by referencing it to the results from the report of the national planned immunization review in China (2004), the epidemiological survey on national hepatitis B in China (2006), and literature reports from China on preventing MTCT of the HBV in China. These sources provided the relevant information from the provinces of Guangdong, Jiangxi, Shanghai, and Hubei (25, 29–34). We took into account other influencing factors (35) (e.g., difficulty during inoculation and acceptance of different strategies) and determined the FVC based on expert opinion (Table 2).



Annual Infection Rate of the HBV Among Susceptible Population

We obtained data on HBV infection in the Chinese population before hepatitis B vaccination from the National Hepatitis Serum Epidemiology Survey in China (1992). Then, we simulated the infection rate of HBV in China through a revised simple catalytic model using SAS (36). The hyperbolic function was:

f(a) = 0.0158 + 0.4056/(a + 1),

where f(a) represents the annual infection rate of a population and a represents age.

Our study was conducted based on the data from HBsAg-positive pregnant women and their newborns. Liaw et al. (37) reported that 10–20% of newborns delivered from HBsAg positive pregnant women who did not have the hepatitis B vaccine postpartum became carriers of chronic HBV infection (37). Edmunds et al. (38) reported that 90% of newborns became carriers of chronic HBV infection after perinatal infection (38). Hence, a newborn delivered from an HBsAg-positive pregnant woman has a 10–20% probability of carrying chronic HBV infection, with an infection rate during the perinatal period (from birth to 1 month of age) ranging between 11.11 and 22.22%. In this study, we assumed that the infection rate of a newborn delivered from an HBsAg-positive pregnant woman from 0 year to 1 year would be the same as that of the general population. According to the formula used for the model, the infection rate of the general population from 0 year to 1 year may be between 22.93 to 38.45%. We estimated that the infection rate of an HBsAg-positive woman could be 34.04–60.67% from 0 year to 1 year; the standard value in the model was 50%. The annual infection rate for other ages was estimated by the formula used to calculate the new infection rate.



Probability of Disease Transition After HBV Infection

The transition probability of each Markov state was obtained from the publicly available research. If multiple studies had the same probability of disease transition, then we took the mean value. The maximum value and minimum value of each transition probability reported in the literature were taken as the value range of sensitivity analysis.

The probability of disease transition after HBV infection in the Markov model was based on the relevant literature in China (Table 3).


Table 3. Status and probability of disease transition after HBV infection.
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Cost Input

This study was based on a public healthcare system perspective. The cost of preventing MTCT of HBV comprised direct costs and indirect costs. Direct costs included the expense of HBIG or HBV vaccination, transportation and storage (including cold chain) expenditure, service and material expenditure during inoculation, and transportation costs for immunization of pregnant women. It was calculated based on the costs of medical services at Chinese non-profit medical institutions indicated in the research literature. Indirect costs included the compensation for absence from work for the pregnant women and their chaperones.

In China, the whole process of immunization against HBV involves three stages: (a) the provincial CDC is responsible for the procurement, storage, and transportation of the hepatitis B vaccine within the province; (b) the municipal, district, and national CDCs are responsible for the distribution, transportation, and storage of the vaccine within each jurisdiction; and (c) immunization clinics at all levels are responsible for vaccination. According to research articles assessing inoculation expenditures (vaccine procurement, cold-chain management, administrative expenses, and labor payment) of five hospitals, 92 CDCs, 177 community healthcare centers, and 476 village clinics in Shanghai, Shandong, Hunan, and Gansu Provinces, the cost of one injection was US$ 0.35–0.50 (14, 68). The price of the hepatitis B vaccine and HBIG were determined according to the purchase price paid by provincial CDCs.

Transport expenses for pregnant women injected with HBIG (which included bus, taxi, and personal cars) and indirect costs (which included compensation for absence from work for pregnant women and their companions) were extracted from literature (61) (Table 4).


Table 4. Cost for 11 immunization strategies (in USD).
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Disease Burden Related HBV Infection

The economic burden of HBD and related diseases included the direct economic burden and indirect economic burden, which were based on a systematic review of the literature. The “direct economic burden” referred to consumed social and economic resources with regard to the treatment of HBD and related diseases, which included direct medical costs and nonmedical costs. The “indirect economic burden” referred to the indirect economic losses caused by HBD and related diseases to the society.

We identified 12 studies focusing on HBD burden and extracted the information listed in Table 5 (63, 69–78). The studies involved 7,409 respondents from Zhejiang, Guangdong, Shanghai, Shanxi, Gansu, Jiangsu, and Shandong Provinces and reported the burden of HBD and related diseases.


Table 5. Burden of hepatitis B disease and related diseases (in USD).
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Life Expectancy, Age-Specific Mortality, and Discount Rate

Age-specific life expectancy was a parameter required for the simulation of the Markov model after the HBV-susceptible population had become infected and it determined the number of cycles of the Markov model. It was determined using the Global Health Observatory data available on the World Health Organization's (WHO) website (79). Based on the Chinese Statistical Yearbook (2016), we determined the life expectancy of the Chinese population to be 76 years (80). The number of cycles in the Markov model was set at 76. Mortality caused by severe HBD ensued from acute infection, decompensated cirrhosis, and liver cancer. We determined the mortality associated with other health statuses in the Markov model based on age-specific mortality in the general population under natural conditions. The natural mortality rate of the whole population from 0 to 74 years adopted the age-specific mortality rate of Chinese residents of small- and medium-sized cities according to the Health Statistics Yearbook of China (2011) (81). Linear interpolation was used to obtain the mortality per year.

The effect of immunization had long-term benefits, and the outcome of the disease after HBV infection was also a long-term process. To eliminate the time effect on the currency, the costs and benefits in our study were discounted. The discount rate of 5% was calculated based on similar studies conducted in China. The range of values of the discount rate used in the sensitivity analysis was 3–6%, as recommended by the World Bank and similar studies conducted in the US, Sweden, and the United Kingdom.




Sensitivity Analyses
 
One-Way Sensitivity Analyses

We evaluated the influence of each parameter in the Markov model decision tree that we constructed in the study and investigated the stability of the results. We adopted an item-by-item substitution method. In this process, one parameter was changed in the model and the other parameters were kept constant to analyze the main parameters in the model within the range of each value. The main parameters in the study were: PRC of anti-HBs and the FVC for each immunization strategy; immunization costs; expenses of each health state in the Markov model after HBV infection; and discount rate.



Threshold Analyses

The threshold analyses were also undertaken with a one-way sensitivity analysis. The objective was to calculate the value of the parameters if the optimal strategy changed.





RESULTS


Decision-Making Results of Vaccination Strategies to Prevent MTCT of HBV in China

We input the related parameters into the constructed decision tree using TreeAge Pro 2011. The cost, benefit, net benefit, and BCR under different immunization strategies were obtained (Table 6).


Table 6. Cost-benefit analysis for vaccination strategies to prevent MTCT of the hepatitis B in China (in USD).
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Table 6 shows that strategy number 9 was optimal with a BCR of 4.61. Strategy 3 and strategy 6 were less optimal options. All 11 vaccination strategies to prevent MTCT of HBV in China had a BCR >1; so all the prevention strategies were economically feasible. However, the most suitable vaccination strategy might be different for different regions based on local health needs and economic conditions.



Sensitivity Analyses

Taking the optimal strategy 9 as an example, for each respective parameter, minimum value, maximum value, baseline value, and the class-mid value were given as input into the Markov model for sensitivity analyses. Parameter assignments for sensitivity analyses of the Markov model decision tree are shown in Table 7.


Table 7. Parameter assignment for sensitivity analysis of the decision tree combined with the Markov model (in USD).
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The one-way sensitivity analysis showed that some model parameters had a substantial impact on the BCR of the study. As seen in Figure 3, the longer the bar, the more sensitive the parameter is to the constructed model. A slight change in the parameter caused a significant change in the BCR and vice versa. The most sensitive factor in the Markov model was the FVC of each immunization strategy, followed by the FVC and the annual cost of HBD and related diseases after HBV infection. Other factors had little effect on our model. For the practical application of an immunization strategy preventing MTCT of HBV, close attention should be paid to factors with high sensitivity. The efficiency of the resource input and BCR could be increased with the best use of factors with high sensitivity.


[image: Figure 3]
FIGURE 3. Tornado diagram for the one-way sensitivity analysis for the BCR.





DISCUSSION

The prevention of MTCT of HBV has been widely studied by researchers all over the world. With various preventive strategies currently available, choosing an effective and economic method to prevent MTCT is a common challenge faced by health institutions and scholars. We used TreeAge Pro 2011 to create a decision tree combined with Markov model, determined its parameters to simulate the disease process after HBV infection, and calculated the cost and benefit of different strategies to prevent MTCT of HBV. From a public healthcare system perspective, we recommended strategy number 9 as being optimal in China. Comparing the current immunization programs and policies in the country (82), we offered our suggestions to the national health administration in China. Our one-way sensitivity analysis revealed that the FVC and ERP of different prevention strategies had a great influence on the BCR, whereas other factors had little effect. These results are consistent with the results of other similar studies (83).



LIMITATIONS

There are several limitations to be acknowledged. First, we assumed that the immunization obtained by a hepatitis B-susceptible population by vaccination or HBV infection would be lifelong. A proportion of vaccinated newborns had a poor response or gradual erosion of vaccine with time (84). The issue of revaccination and re-infection of HBV has not been considered in this study. Second, comprehensive literature reviews and scientific methods were used to estimate the values of the FVC and ERP, but further studies are needed. Third, HBIG and the hepatitis B vaccine were assumed to be safe and reliable without side effects. The cost of adverse reactions of HBV infection and HBIG administration was not considered. However, as a blood product, HBIG has certain safety issues, which must be considered during inoculation. This may have an impact on the accuracy of the results.



CONCLUSION

From a public healthcare system perspective, we evaluated the economic viability of 11 immunization strategies in China. For all 11 strategies, the BCR >1 meant that the benefits of all strategies were greater than the costs. We recommended strategy number 9 as being optimal in China. In strategy number 9, babies born to HBsAg-positive mothers are given an HBIG (200 IU) within 24 h of birth and three injections of the hepatitis B vaccine (20-μg each) at 0, 1, and 6 months, and the BRC is 4.61 for this case. For decision-making and application, the strategy should be based on the social and economic conditions of different regions so that an appropriate immunization strategy can be selected.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



AUTHOR CONTRIBUTIONS

NY designed the study, interpreted data, and drafted the manuscript. LL and YM collected and analyzed data and drafted the manuscript. NZ collected and interpreted the data. MH designed the study, interpreted the data, and revised the manuscript critically for important intellectual content. LS revised the manuscript critically for important intellectual content. All authors read and approved the final manuscript before submission.



FUNDING

This research was supported by the Key R&D Projects of the Science and Technique Foundation in Sichuan Province (2021YFS0145) and a grant from the 111 Project (Overseas Expertise Introduction Project for Discipline Innovation, B18035).



ACKNOWLEDGMENTS

We would like to thank Associate Prof. Haihuan Feng from West China Hospital, Sichuan University for assistance in model construction and analysis.



ABBREVIATIONS

HBV, hepatitis B virus; MTCT, mother-to-child transmission; HBIG, hepatitis B immunoglobulin; HBsAg, surface antigen of the hepatitis B virus; HBeAg, hepatitis B e antigen; anti-HB, hepatitis B surface antibody; PCR, positive conversion rate; HBD, hepatitis B disease; ERP, effective rates of protection; FCV, full vaccination coverage; BCR, benefit-cost ratio; CDC, Chinese Center for Disease Control and Prevention; USD, United States Dollar.



REFERENCES

 1. World Health Organization. Global Hepatitis Report. (2017). Available online at: https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/ (accessed December 13, 2017).

 2. Hu Y, Dai X, Zhou YH, Yang H. A knowledge survey of obstetrics and gynecology staff on the prevention of mother-to-child transmission of hepatitis B virus. J Infect Dev Ctries. (2013) 5:391–7. doi: 10.3855/jidc.2915

 3. Lamberth JR, Reddy SC, Pan JJ, Dasher KJ. Chronic hepatitis B infection in pregnancy. World J Hepatol. (2015) 9:1233–7. doi: 10.4254/wjh.v7.i9.1233

 4. Han GR, Xu CL, Zhao Wei, Yang YF. Management of chronic hepatitis B in pregnancy. World J Gastroenterol. (2012) 18:4517–21. doi: 10.3748/wjg.v18.i33.4517

 5. Eke A, Yun X, Eke U, Eleje G, Jiao L. Hepatitis B immunoglobulin during pregnancy for prevention of mother-to-child transmission of hepatitis B virus (HBV). Am J Obstet Gynecol. (2014) 1:S226. doi: 10.1016/j.ajog.2013.10.481

 6. Lee C, Gong Y, Brok J, Boxall EH, Gluud C. Hepatitis B immunisation for newborn infants of hepatitis B surface antigen-positive mothers. Cochrane Database Syst Rev. (2009) 1:67–155. 14651858.CD004790.pub2 doi: 10.1002/ebch.120

 7. Ma L, Alla NR Li X, Mynbaev OA, Shi Z. Mother-to-child transmission of iHBV: review of current clinical management and prevention strategies. Rev Med Virol. (2014) 6:396–406. doi: 10.1002/rmv.1801

 8. Shi ZJ Li XM, Ma L, Yang YB. Hepatitis B immunoglobulin injection in pregnancy to interrupt hepatitis B virus mother-to-child transmission-a meta-analysis. Int J Infect Dis. (2010) 7:e622–34. doi: 10.1016/j.ijid.2009.09.008

 9. Thio CL, Guo N, Xie C, Kenrad EN, Stephan E. Global elimination of mother-to-child transmission of hepatitis B: revisiting the current strategy. Lancet Infect Dis. (2015) 15:981–85. doi: 10.1016/S1473-3099(15)001589

 10. Guo Y, Zhang W, Zhang Y, Lin X, Zhang B, Chen C, et al. Cost-effectiveness analysis of preventing mother-to-child transmission of hepatitis B by injecting hepatitis B immune globulin. Eur J Gastroenterol Hepatol. (2012) 12:1363–9. doi: 10.1097/MEG.0b013e32835847c6

 11. Rascati KL. Essentials of Pharmacoeconomics. 2nd ed. Philadelphia: Lippincott Williams & Wilkins (2014). p. 103–0.

 12. Cui FQ, Yang WZ. The immunization of Hepatitis B vaccine and adverse event following immunization. Chin J Epidemiol. (2014) 1:1–2. doi: 10.3760/cma.j.issn.0254-6450.2014.01.001

 13. Ma NS, Zhu M, Ying HH, Lin YP. A study on correlation between immune interruption of antenatal birth in pregnant women and immune effect of hepatitis B gene vaccine in neonates. Chin J Pract Pediatr. (2006) 1:29–31. doi: 10.3969/j.issn.1005-2224.2006.01.011

 14. Wu GY, Gong YL Yu SL, Shao RT, Qin HJ. Study on cost-effectiveness, benefit, utility analysis in infant inoculation Hepatitis B vaccine in Shanghai. Chin J Epidemiol. (2004) 6:474–8.

 15. Xing QX, Yue F, Zhang CH, Zong XY Li ZZ, Wang JJ, et al. Clinical study on prenatal injection of hepatitis B immunoglobulin to prevent intrauterine transmission of hepatitis B virus. J Appl Clin Pediatr. (2003) 4:41–3. doi: 10.3969/j.issn.1003-515X.2003.04.018

 16. Gao ZQ, Liu CY. The significance of inhalation of hepatitis B immunoglobulin in preventing the spread of maternal and child hepatitis B. Womens Health Res. (2016) 15:26–7. doi: 10.3969/CNKI:SUN:YXLT.0.2015-34-049

 17. Lan CJ. The significance of inhalation of hepatitis B immunoglobulin in preventing the spread of maternal and child hepatitis B. Med Forum. (2015) 34:4817–8.

 18. Lin LC, Chen J. Hepatitis B immunoglobulin combined with hepatitis B vaccine to block the vertical transmission of hepatitis B virus from mother to infant. Chin J Coal Industry Medicine. (2007) 7:774–5. doi: 10.3969/j.issn.1007-9564.2007.07.022

 19. Xuan CL. Observation on the immune effect of hepatitis B in infants with HBsAg positive mothers. J Guangdong Pharmaceut Univ. (2004) 2:163–4. doi: 10.3969/CNKI:SUN:GDYX.0.2004-02-031

 20. Yin HZ, Guo W. Evaluation of intervention of hepatitis B vaccine combined with hepatitis b human immunoglobulin for preventing maternal and infant vertical transmission of hepatitis B. J Commun Med. (2009) 6:14–5. doi: 10.3969/CNKI:SUN:SQYX.0.2009-06-007

 21. Zhao Z, Cao M. Clinical observation of hepatitis B vaccine combined with hepatitis B immunoglobulin for preventing the vertical transmission of hepatitis B virus from mother to infant. Guide Chin Med. (2013) 4:264–5. doi: 10.3969/j.issn.1671-8194.2013.04.196

 22. Lu QY. Efficacy of hepatitis B immunoglobulin combined with hepatitis B vaccine in preventing HBV mother-to-fetus transmission. J Clin Hepatol. (2015) 8:1321–2. doi: 10.3969/j.issn.1001-5256.2015.08.034

 23. Meng Z, Xiao XM, He MJ, Xu YY Li G. Study On the preventive effect of mother and infant vertical transmission for HBV by HBIG. C J Birth Health Heredity. (2005) 9:49–51. doi: 10.3969/j.issn.1001-4411.2007.22.032

 24. Tang GF, Deng S. Analysis of maternal and infant vertical transmission blockade of hepatitis B virus. Chin J Birth Health Heredity. (2006) 4:72–3. doi: 10.3969/j.issn.1006-9534.2006.04.037

 25. Zhu BS, Yin HH, Qian J, Zhang YJ AN JX, Chen Y, et al. The influence of serum HBeAg in pregnant women with HBV infection on the effect of blocking mother-to-infant transmission by passive-active immunoprophylaxis. Modern Prev Med. (2013) 21:3955–7. doi: 10.3969/CNKI:SUN:XDYF.0.2013-21-020

 26. Zhang L, Guan QH, Liu CT, Zhao SH, Tang XM, Su F, et al. Analysis on the effects of different doses of hepatitis B vaccine for preventing maternal-neonatal transmission of hepatitis B virus. Matern Child Health Care Chin. (2017) 4:739–41. doi: 10.7620/zgfybj.j.issn.1001-4411.2017.04.35

 27. Ni MJ, Zhong WX, Cai JH. Clinical study on blocking hepatitis B virus mother-to-child transmission by hepatitis B immunoglobulin. Matern Child Health Care Chin. (2007) 19:2664–5. doi: 10.3969/j.issn.1001-4411.2007.19.030

 28. Zeng XF, Luo XJ. The effect of application of hepatitis B hyper-immune globulin on preventing the transmission of hepatitis B virus from the mother to infant in late pregnancy. Acta Med Sinica. (2013) 1:98–100. doi: 10.3969/j.issn.1008-2409.2013.01.031

 29. Liao Z, Wen HR, Peng SH, Zhang YX. Analysis on first dose of hepatitis B vaccine among neonates and screening of hepatitis B virus surface antigen among delivery women in Nanchang City. Occupation and Health. (2013) 20:2670–1. doi: 10.3969/CNKI:SUN:ZYJK.0.2013-20-034

 30. Lin BN, Fang Q, Cao L. Analysis of neonatal vaccination in Futian district from 2010-2011. Pract Prevent Med. (2012) 11:1658–9. doi: 10.3969/j.issn.1006-3110.2012.11.018

 31. National Health Commission of the People's Republic of China. China's Control of Hepatitis B has Achieved Remarkable Results. 2013. Available online at: http://www.nhc.gov.cn/jkj/s3582/201307/518216575e544109b2caca07fca3b430.shtml (accessed December 13, 2017).

 32. Shi G. Decision Analysis Model of Prevention Maternal-Infantile Transmission of Hepatitis B Virus Infection and Revaccination of Non- and Low-Response After Standard Schedule. Zhengzhou: Zhengzhou University (2013).

 33. Wu WS, Sun CM, Jiang MB, Zhang GH, Zhou N, Ouyang PY et al. Long-term effect of plasma-derived vaccine in the prevention of Hepatitis B (Eighteen Years' Follow-up Study). Chin J Vaccin Immun. (2005) 11:204–7. doi: 10.3969/j.issn.1006-916X.2005.03.010

 34. Yu B, Wang X, Han RH, Chen ZC, Chen ZF. Studies and analysis on immunization coverage rate of Hepatitis B(HB) vaccine and the HBsAg carrier rate of children below 3 years old and incidence rate for the past ten years in Wuhan City. Chin J Vaccin Immun. (2005) 11:117–9. doi: 10.3969/j.issn.1006-916X.2005.02.011

 35. Ministry of Health of PRC. Report of 2004 National Planned Immunization Review. Beijing: People's Medical Publishing House Co. LTD (2005).

 36. Luo Junxiang, Jin Shuigao. Improvement of simple catalytic model and its application to hepatitis B virus infection. Chin J Vaccin Immun. (1999) 5:275–8.

 37. Liaw YF, Chu C M. Hepatitis B virus infection. Lancet. (2009) 9663:582–92. doi: 10.1016/S0140-6736(09)60207-5

 38. Edmunds WJ, Medley GF, Nokes DJ, Hall AJ, Whittle HC. The influence of age on the development of the hepatitis B carrier state. Proc Biol Sci. (1993) 253:197–201. doi: 10.1098/rspb.1993.0102

 39. Lu SQ, McGhee SM, Xie X. Economic evaluation of universal newborn hepatitis B vaccination in China. Vaccine. (2013) 14:1864–9. doi: 10.1016/j.vaccine.2013.01.020

 40. Lok SF, McMahon BJ. Chronic hepatitis B. Hepatology. (2007) 2:507–39. doi: 10.1002/hep.21513

 41. Pungpapong S, Kim W, Poterucha JJ. Natural history of hepatitis B virus infection: an update for clinicians. Mayo clinic proceedings. (2007) 8:967–75. doi: 10.4065/82.8.967

 42. Ni YH. Natural history of hepatitis B virus infection. Pediat Perspect J Gastroenterol. (2011) 1:1–8. doi: 10.1007/s00535-010-0304-7

 43. Toy M, Salomon J A, Jiang H, Gui H, Wang H, Wang J, et al. Population health impact and cost-effectiveness of monitoring inactive chronic hepatitis B and treating eligible patients in Shanghai, China. Hepatology. (2014) 1:46–55. doi: 10.1002/hep.26934

 44. Fendrick AM, Lee JH, LaBarge C, Glick HA. Clinical and economic impact of a combination Haemophilus influenzae and Hepatitis B vaccine: estimating cost-effectiveness using decision analysis. Arch Pediatr Adolesc Med. (1999) 2:126–36. doi: 10.1001/archpedi.153.2.126

 45. Hung HF, Chen TH. Probabilistic cost-effectiveness analysis of the long-term effect of universal hepatitis B vaccination: an experience from Taiwan with high hepatitis B virus infection and Hepatitis B e Antigen positive prevalence. Vaccine. (2009) 48:6770–6. doi: 10.1016/j.vaccine.2009.08.082

 46. Jacobs RJ, Saab S, Meyerhoff AS. The cost effectiveness of hepatitis immunization for US college students. J Am Col Health. (2003) 6:227–36. doi: 10.1080/07448480309596355

 47. Tilson L, Thornton L, Flanagan D, Johnson H, Barry M. Cost effectiveness of hepatitis B vaccination strategies in Ireland: an economic evaluation. Eur J Public Health. (2008) 3:275–82. doi: 10.1093/eurpub/ckm123

 48. Oliveira GL, Almeida AM, Silva AL, Brandão CMR, Andrade EIG, Cherchiglia ML, et al. Incorporated antivirals for chronic hepatitis B in Brazil: a cost-effectiveness analysis. Revista De Saúde Pública. (2013) 4:769–78. doi: 10.1590/S0034-8910.2013047004529

 49. Wiens A, Lenzi L, Venson R, Pedroso MLA, Correr CJ, Pontarolo R. Economic evaluation of treatments for chronic hepatitis B. Braz J Infect Dis. (2013) 4:418–26. doi: 10.1016/j.bjid.2012.12.005

 50. Wu B, Li T, Chen H, Shen J. Cost-effectiveness of nucleoside analog therapy for hepatitis B in China: a Markov analysis. Value in Health. (2010) 5:592–600. doi: 10.1111/j.1524-4733.2010.00733.x

 51. Hutton DW, So SK, Brandeau ML. Cost-effectiveness of nationwide hepatitis B catch-up vaccination among children and adolescents in China. Hepatology. (2010) 2:405–14. doi: 10.1002/hep.23310

 52. Jia Y, Li L, Cui F, Zhang D, Zhang F, Gong X, et al. Cost-effectiveness analysis of a hepatitis B vaccination catch-up program among children in Shandong Province, China. Hum Vaccin Immunother. (2014) 10:2983–91. doi: 10.4161/hv.29944

 53. Ke W, Zhang C, Li L, Gao Y, Yao Z, Ye X, et al. Cost-effectiveness analysis of tenofovir disoproxil fumarate for treatment of chronic hepatitis B in China. Hepatol Int. (2016) 1:924–36. doi: 10.1007/s12072-016-9741-6

 54. Nayagam S, Conteh L, Sicuri E, Shimakawa Y, Suso P, Tamba S, et al. Cost-effectiveness of community-based screening and treatment for chronic hepatitis B in The Gambia: an economic modelling analysis. Lancet Glob Health. (2016) 4:e568–78. doi: 10.1016/S2214-109X(16)30101-2

 55. Shimakawa Y, Lemoine M, Njai HF, Bottomley C, Ndow G, Goldin RD, et al. Natural history of chronic HBV infection in West Africa: a longitudinal population-based study from The Gambia. Gut. (2015) 12:2007–16. doi: 10.1136/gutjnl-2015-309892

 56. Siddiqui M R, Gay N, Edmunds WJ, Ramsay M. Economic evaluation of infant and adolescent hepatitis B vaccination in the UK. Vaccine. (2011) 3:466–75. doi: 10.1016/j.vaccine.2010.10.075

 57. Elgouhari HM, Tamimi TIA, Carey WD. Hepatitis B virus infection: understanding its epidemiology, course, and diagnosis. Cleve Clin J Med. (2008) 12:881–9. doi: 10.3949/ccjm.75a.07019

 58. Fattovich G, Bortolotti F, Donato F. Natural history of chronic hepatitis B: special emphasis on disease progression and prognostic factors. J Hepatol. (2008) 2:335–52. doi: 10.1016/j.jhep.2007.11.011

 59. Toy M, Hutton DW, So SK. Cost-effectiveness and cost thresholds of generic and brand drugs in a national chronic hepatitis B treatment program in China. PLoS ONE. (2015) 11:e0139876. doi: 10.1371/journal.pone.0139876

 60. Rafia R, Dodd PJ, Brennan A, Meier PS, Hope VD, Ncube F et al. An economic evaluation of contingency management for completion of hepatitis B vaccination in those on treatment for opiate dependence. Addiction. (2016) 9:1616–27. doi: 10.1111/add.13385

 61. Guo Y. Study on Main Measures and Effect to Prevent HBV Transmission From Mother to Child During Pregnancy. Wu Han: Huazhong University of Science and Technology (2009).

 62. Keeffe EB, Dieterich DT, Han HB, Jacobson IM, Wright TL. A treatment algorithm for the management of chronic hepatitis B virus infection in the United States: an update. Clin Gastroenterol Hepatol. (2006) 8:936–62. doi: 10.1016/j.cgh.2006.05.016

 63. Lao GQ, Wang JL, Wu Y. Economic benefit of interferon in treatment of chronic Hepatitis B virus infection. Chin Pharm. (2006) 16:1223–5. doi: 10.3969/j.issn.1001-0408.2006.16.010

 64. Ma QS, Zou YH, Zhang SX, Liang S, Xiao HW, Xie X, et al. Estimation on the intangible cost and influencing factors for patients with hepatitis B-related diseases. Chin J Epidemiol. (2011) 8:764–7. doi: 10.3760/cma.j.issn.0254-6450.2011.08.006

 65. McMahon BJ. The natural history of chronic hepatitis B virus infection. Hepatology. (2009) 5:S45–55. doi: 10.1002/hep.22898

 66. Nguyen VTT, Law MG, Dore GJ. Hepatitis B-related hepatocellular carcinoma: epidemiological characteristics and disease burden. J Viral Hepat. (2009) 7:453–63. doi: 10.1111/j.1365-2893.2009.01117.x

 67. Yim HJ, Lok SF. Natural history of chronic hepatitis B virus infection: what we knew in 1981 and what we know in 2005. Hepatology. (2006) 2:S173–81. doi: 10.1002/hep.20956

 68. Yu WZ, Cui G, Yu JJ, Jin SG, Wang J, Tao Z, et al. Study on reasonable input of expanded program on immunization in some region of China. Chin J Vaccin Immun. (2005) 5:386–91. doi: 10.3969/j.issn.1006-916X.2005.05.014

 69. Chen J, Ma QS, Zou YH, Liu HP, Lu JL, Zhang ZJ, et al. A Study on Hepatitis B's economic burden and impact factors analysis in Guangdong province. Chin Prim Health Care. (2011) 7–9. doi: 10.3969/j.issn.1001-568X.2011.07.003

 70. Chen XB, Chen HF Alison TM. Analysis on economic cost of chronic hepatitis B. Chin J Hosp Admin. (2003) 1:58–9. doi: 10.3736/jcim20030219

 71. Duan PF, Shi WJ, Guo CZ, Zhang SX, Feng XX, et al. Analysis of the cost of hepatitis B related diseases in Changzhi City and its influencing factors. Chin J Health Statist. (2014) 31:965–7. doi: 10.3969/CNKI:SUN:ZGWT.0.2014-06-014

 72. Eke AC, Eleje U, Eke UA, Eleje G, Jiao L. Hepatitis B immunoglobulin during pregnancy for prevention of mother-to-child transmission of hepatitis B virus. Cochrane Database Syst Rev. (2017) 2:CD008545. doi: 10.1002/14651858.CD008545.pub2

 73. Li JH, Liu JC, Zhang SX, Liu BF, Feng YN. Research on the economic burden and its influencing factors of the patients suffering from type B viral hepatitis in Shanxi Taiyuan. Chin Modern Doct. (2011) 9: 103-109. doi: 10.3969/j.issn.1673-9701.2011.09.053

 74. Li XQ, Xu HX, Fan XM, Wu Z, Li YF, Zhang SX, et al. Analysis on economic burden and influencing factors of hepatitis B-related diseases patients. Modern Prevent Med. (2012) 8:1871–7.

 75. Lv JJ, Li RP, Xu AQ, Li Z, Wang J, et al. Economic burden and related factors on inpatients with HBV-related diseases in Shandong province. Chin J Epidemiol. (2013) 3:267–72. doi: 10.3760/cma.j.issn.0254-6450.2013.03.015

 76. Ma QS. Study on The Economic Burden of Hepatitis B-Related Diseases in Guangzhou and The Strategies of Hepatitis B Vaccination for Population Age 1-14 in China. Guang Zhou: Guangdong Pharmaceutical University (2011).

 77. Song L. Analysis on the Economic Burden of Hepatitis B From Taixing, Danyang and Zhang Jiagang Cities in Jiangsu Province. Nan Jing: Southeast University (2014).

 78. Yu JL, Wang ZB, Li JH, Liu BF, Zhang SX, Liu JC. Investigations on the economic burden of patients with type B Viral Hepatitis in Taiyuan. J Changzhi Med College. (2013) 3:178–82. doi: 10.3969/j.issn.1006-0588.2013.03.005

 79. World Health Organization. Global Health Observatory (GHO) Data. Available online at: https://www.who.int/gho/en/ (accessed December 13, 2017).

 80. National Bureau of Statistics of China. Chinese Statistical Year Book in 2016. Available online at: http://www.stats.gov.cn/tjsj/ndsj/2016/indexeh.htm (accessed December 13, 2017).

 81. National Health Commission of the People's Republic of China. Health Statistics Yearbook of China in 2011. Beijing: Peking Union Medical College Press (2011). p. 345.

 82. Chinese Foundation for Hepatitis Prevention and Control Chinese Chinese Society of Infectious Diseases Chinese Chinese Society of Hepatology. Management algorithm for interrupting mother-to-child transmission of hepatitis B. J Clin Hepatol. (2017) 7:1214–7. doi: 10.3760/cma.j.issn.1007-3418.2017.04.004

 83. Shi G, Zhang SX. Decision tree and cost-benefit analysis on strategies related to preventing maternal-infantile transmission of hepatitis B virus infection. Chin J Epidemiol. (2013) 3:273–8. doi: 10.3760/cma.j.issn.0254-6450.2013.03.016

 84. World Health Organization. Guidelines for the Prevention, Care and Treatment of Persons With Chronic Hepatitis B Infection. https://www.who.int/publications/i/item/9789241549059 (accessed April 2, 2021).

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Yang, Lei, Meng, Zhou, Shi and Hu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-10-662442-t002.jpg
Strategy number

1
2
3
4
5
6
7
8
9

10
1

Effective rate of
protection/anti-Hbs
positive conversion rate (%)

88.1
88.86
83.23
83.44
83.15

90.3
69.29
72.04

96.8
91.78
87.46

Value range
(%)

87.3-88.9
77.5-96.87
80-95.3
71.1-90.83
82-90
86-95
56.3-77.4
63.4-80.28
7797
92-93
82-92

References

(18-15)
(16-18)
(19-21)

(18, 22-24)

©9)

(18, 15,19, 20, 26)
(18,22, 24, 26, 27)
©1,25)
©1)

8)

Full vaccination coverage
(%)

825
80.5
91
90
88
87
95
95
86
76
74

ERR, Effective rate of protection; PCR, positive conversion rate; FVC, full vaccine coverage. Since it was not directly available from the literature, the ERP for strategy number 5 was

estimated based on the actual situation and other strategies.





OPS/images/fpubh-10-662442-t003.jpg
Health status Disease progression Age Probability Range References

(vears)
Acute Infection
Symptomatic
0-1 001 +50% 9
1-5 0.1 +50%
>5 03 +50%
Severe Hepatitis B <20 001 +£50% ©9)
>20 0.005 +50%
Hepatiis B Carrier <t 0.89 +50% (20)
>1
Death due to severe Hepatitis B <15 063 +50% 9
15-45 08 +50%
>45 093 +50%
Ghronic hepatitis B 004 +50% (40-42)
Perinatal 09 +50%
period
0-1 03 +50%
1-5 025 +50%
619 0.06 +50%
=20 0.04 +50%
Hepatitis B carrier
Natural immunity after infection <30 0.008 +50% (“3)
30-39 0011 +50%
40-49 0017 +50%
>50 0018 +50%
Chronic Hepais B
<30 0.009 +50% (43)
30-39 0014 +50%
40-49 0028 +50%
>50 002 +50%
Liver Gancer (44-47)
0-19 0.0005 +50%
20-30 0002 +50%
240 0.0061 +50%
Chronic hepatitis B
Hepatitis B Carrier 003 0-0.07 (43, 45, 46, 48, 49)
Gompensated Girthosis (33, 44-47, 50)
0-19 0.0081 +50%
20-30 002 +50%
240 002 +50%
Liver Cancer (33, 44-47, 50)
0-19 0.003 +50%
20-30 0.005 +50%
240 0.0064 +50%
Compensated Cirrhosis
Decompensated Cirrhosis 0052 0.026-0.1 (39, 43, 50-56)
Liver Gancer 0029 0.0028-0.1 (37,39, 43, 48-60)
Decompensated cirrhosis
Liver Cancer 005 0.0082-0.091 (14,20, 87, 48-51, 57, 61-69)
Death 0.1889 0.1-0.39 (39, 48-50, 52-55, 5760, 62, 65, 66)

Liver cancer
Death 0.4971 0.3-0.8025 (39, 48, 49, 52-56, 59, 60, 67)





OPS/images/fpubh-10-662442-g003.gif
FollVacsiastion Covrsge

Effctin Rateof Potcion

ot for Hesth St
tarkon Mol

Dicount Rate

oo Vacciaston






OPS/images/fpubh-10-662442-t001.jpg
Strategy number HBsAg-positive pregnant women/mother Newborns

time of dose (IU HBIG) of injection time and dose (g HepB) of injection

28 weeks 32 weeks 36 weeks Within 24h 0 month 1 month 6 months

of gestation of gestation of gestation of birth after birth after birth after birth
1 200 200 200 - 5 5 5
2 200 200 200 - 10 10 10
3 200 200 200 100 5 5 5
4 E E - 100 10 10 10
5 - - - 200 5 5 5
6 - - 200 10 10 10
7 - - - - 5 5 5
8 - - - - 10 10 10
9 - - - 200 20 20 20
10 100 100 100 100 5 5 5

11 200 200 200 100 10 10 10





OPS/images/fpubh-10-662442-t006.jpg
Strategy number Cost/person Benefit/person Net benefit/person BCR

Cost of Cost of HBV Total
vaccination Infection Due to cost
Immune Failure

1 144.18 1,258.09 1,402.27 3,347.35 1,945.08 2.39
a 145.04 1,311.06 1,456.10 3,204.38 1,838.28 226
3 29.67 1,117.31 1,146.98 3,488.14 2,341.16 3.04
4 30.52 1,146.94 1,177.46 3,468.61 2,281.05 294
5 50.98 1,235.55 1,286.53 3,369.90 2,083.37 262
6 51.84 987.37 1,039.21 3,618.09 2,679.68 3.48
7 8.01 1,573.88 1,581.89 3,031.56 1,449.66 1.92
8 8.87 1,463.67 1,462.44 3,161.87 1,689.44 2.16
9 59.51 771.51 831.02 3,833.95 3,004.35 4.61
10 101.90 1,393.02 1,494.92 321243 1,717.60 215
1 166.74 1,624.78 179152 2,980.66 1,189.19 1.66





OPS/images/fpubh-10-662442-t004.jpg
item Baseline Range

(usD) (usD)
Cost for different items  Hepatitis B vaccine: Sug ~ 0.71 057-085
of inoculation Hepatitis B vaccine: 10ug  1.00 0.85-1.14
Hepatitis B vaccine: 20ug ~ 3.66 3.41-8.70
HBIG: 1001U 2133 1991-22.75
HBIG: 2001U 4265 4123-44.08
Cold-chain 085 084035
Direct non-medical cost ~ 1.84 1.42-2.43
Indirect cost 057 0.43-0.71
Costfor 11 Immunization Strateqy 1 14427 136.61-164.83

immunization strategies jynization strategy 2 145.12  137.47-151.90

Immunization strategy 3~ 29.69  26.66-32.39
Immunization strategy 4~ 3054 27.51-33.24
Immunization strategy 5~ 51.01  47.97-63.71
Immunization strategy 6~ 5187 48.83-54.56
Immunization strategy 7 8.01 6.42-9.30
Immunization strategy 8 8.85 7.28-10.16
Immunization strategy @ 5951 56.50-62.23
Immunization strategy 10 101.91 95.90-110.19
Immunization strategy 11 166.70 1567.70-174.99





OPS/images/fpubh-10-662442-t005.jpg
Health Status of
Hepatitis B disease

Chronic hepatitis B
Compensated cirrhosis
Decompensated
cirthosis

Liver cancer

Acute infection

Severe hepatitis B

Direct economic
burden

2,898.20
4,154.83
5,456.73

5,724.14
294373
9,164.76

Indirect economic
burden

660.87
906.25
1,914.66

4,676.39
1,136.10
2,485.85

Annual
eeconomic burden

3,569.06
5,061.07
7,391.39

10,400.55
4,079.83
11,630.61

Range

1,614.49-5,141.29
2,250.81-8,108.36
4,136.03-14,359.19

1,880.60-33,988.50
2,025.82-8,177.58
4,001.41-14,988.95





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Cost-Benefit Analysis of Vaccination Strategies to Prevent Mother-to-Child Transmission of the Hepatitis B Virus Using a Markov Model Decision Tree



		Introduction



		Materials and Methods



		Target Population



		Evaluation Method



		Modeling



		Modeling Method



		Markov Model Decision Tree Structure



		General Assumptions About the Model









		Parameters



		ERP/PCR of Anti-HBs



		FVC



		Annual Infection Rate of the HBV Among Susceptible Population



		Probability of Disease Transition After HBV Infection



		Cost Input



		Disease Burden Related HBV Infection



		Life Expectancy, Age-Specific Mortality, and Discount Rate









		Sensitivity Analyses



		One-Way Sensitivity Analyses



		Threshold Analyses













		Results



		Decision-Making Results of Vaccination Strategies to Prevent MTCT of HBV in China



		Sensitivity Analyses







		Discussion



		Limitations



		Conclusion



		Data Availability Statement



		Author Contributions



		Funding



		Acknowledgments



		Abbreviations



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Cost-Benefit Analysis of Vaccination
Strategies to Prevent
Mother-to-Child Transmission of the
Hepatitis B Virus Using a Markov
Model Decision Tree





OPS/images/fpubh-10-662442-g001.gif
-
frsvasirioedy






OPS/images/fpubh-10-662442-g002.gif





OPS/images/math_1.gif
LioB1 41"

1

G





OPS/images/fpubh-10-662442-t007.jpg
Parameter

Full vaccination coverage
BCR

Effective rate of protection
BCR

Cost of vaccination (USD)
BCR

Discount rate

BCR

Minimum value

74%
242
69.29%
1.42
66.50
4.63
3%
4.76

Cost for health status in the Markov model (in USD)

Acute hepatitis B
Chronic hepatitis B
Compensated cirrhosis
Decompensated cirhosis

Liver
cancer

Severe hepaitis B
BOR

2,025.82
1,614.49
2,259.81
4,136.02
1,880.60

4,001.43
4.23

Class-mid value 1

80%
325
83.06%
239
68.00
4.62
4%
4.69

3,052.82
2,586.78
3,660.86
5,764.36
6,141.27

7,816.90
4.49

Baseline value

86%
4.61
96.8%
4.61
59.61
461
5%
4.61

4,080.29
3,669.47
5,081.64
7,392.23
1,0401.73

1,1631.93
4.61

Class-mid value 2

90.5%
6.40

60.87
4.61
55%
4.57

6,129.40

4,360.67

6,585.46

10,876.52
22,197.05

13,311.29
4.69

Maximum value

95%
9.85

62.23
4.60
6%
4.52

8,178.51

5,141.87
8,109.28
14,360.82
33,990.37

14,990.65
475









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





