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ABSTRACT

Chronic hepatitis B viral (HBV) infection remains a major health threat, especially in 
high-prevalence areas. Most infants infected by mother-to-infant HBV transmission 
become chronic carriers. In Taiwan, many important preventive interventions have been 
implemented to block the perinatal transmission of HBV in the past 35 years. The first 
nationwide universal HBV vaccination program was launched in Taiwan in July 1984. The 
three-dose HBV vaccine completion rate reached 98.1% in 2018. The prevalence of Hepatitis 
B surface antigen (HBsAg) decreased from 9.8% in pre-vaccinated period in 1984 to 0.5% 
in the vaccinated cohort in 2014. The incidence of hepatocellular carcinoma in children 
aged 6–9 years significantly declined from 0.52 to 0.13 per 100,000 children born before 
and after 1984, respectively. Furthermore, we have performed a maternal HBV screening 
program during pregnancy since 1984, with the screening rate peaked at 93% in 2012. The 
HBsAg- and HBeAg-seropositive rate in pregnant women declined from 13.4% and 6.4% in 
1984–1985 to 5.9% and 1.0% in 2016, respectively. To closely control perinatal HBV infection, 
we have administered hepatitis B immunoglobulin immediately after birth and checked the 
serum level of HBsAg and anti-HBs in high-risk babies born to HBsAg-seropositive mothers, 
irrespective of their HBeAg status, since July 2019. We have also adopted short-term antiviral 
treatments such as tenofovir 300 mg daily in the third trimester for highly viremic mothers 
and reduced the perinatal infection rates from 10.7 to 1.5%. Through all these efforts, we 
expect to meet the global goal of eliminating HBV infection by 2030.
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INTRODUCTION

Hepatitis B virus (HBV) infection is a major global health threat, especially in high-prevalence 
areas such as the Western Pacific region and Africa. HBV infection in endemic areas mainly 
occurs in infancy or early childhood, which leads to high rates of chronicity. Although most 
young carriers are asymptomatic, life-threatening complications such as liver cirrhosis and 
hepatocellular carcinoma (HCC) can occur years later. In 2015, viral hepatitis resulted in 
1.34 million deaths worldwide, with an estimated 720,000 and 470,000 deaths due to liver 
cirrhosis and HCC, respectively [1]. In 2016, the World Health Assembly endorsed the first 
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global health strategy for viral hepatitis, which aims to reduce hepatitis-related mortality and 
the incidence of hepatitis by 65% and 90%, respectively, by 2030 [2].

HBV vaccination is the most cost-effective method for eliminating HBV infection. Universal 
vaccination in infancy could prevent perinatal and horizontal transmission of HBV. By the 
end of 2015, global coverage of the three-dose HBV vaccine during infancy reached 84% [1]. 
Three major interventions that help reduce HBV transmission are birth dose vaccinations, 
hepatitis B immunoglobulin (HBIG), and early antiviral prophylaxis for pregnant women 
with high HBV viremia in the third trimester. In addition, improving the safety of blood 
transfusions and injections, ensuring that testing is accessible, and treating chronic 
HBV have also been suggested by the World Health Organization (WHO) as methods for 
eliminating HBV infection [3].

TIMING OF HBV INFECTION

Perinatal transmission, i.e., transmission from a hepatitis B surface antigen (HBsAg)-
carrying mother with positive hepatitis B e-antigen (HBeAg) to the infant, leads to a 90% risk 
of chronic HBV infection if left un-immunized [4]. Unsterilized syringes, intrafamilial spread 
among highly infectious family members, and poor hygiene practices can cause horizontal 
transmission [5]. The chronicity rate decreases as the age at acquisition increases, with a rate 
of approximately 25–50% in children less than 5 years old and less than 10% in adolescents 
and adults [6,7]. This indicates that the age at HBV acquisition critically affects patient 
outcomes. Therefore, the HBV vaccination schedule should be completed as early as possible.

HBV VACCINATION IN TAIWAN

HBV vaccination was first introduced in the 1980s and has been recommended by the WHO 
since 1992 [8]. By the end of 2017, universal infant HBV vaccination had been adopted in 187 
countries. The first national universal HBV vaccination program was introduced in Taiwan on 
July 1, 1984. During the first 2 years of this program, only newborns of high-risk mothers who 
were seropositive for HBsAg were vaccinated. The newborns of highly infectious mothers 
(HBeAg-positive or high HBsAg titer) received an additional 0.5 mL (100 IU) of HBIG within 
24 hours of birth. After July 1986, the HBV vaccination program was extended to all newborns 
with a plasma-derived HBV vaccine at 0, 1, 2, and 12 months of age. Preschool children 
who had not been vaccinated against HBV in infancy were vaccinated during 1987–1989. All 
elementary school children also received HBV vaccinations during 1988–1990. The vaccine 
record of every first-grade student in elementary school was checked, and a “catch-up” dose 
was administered to those who had not received all of the required doses. The program 
was extended to all children and adolescents aged 10–19 years during 1989–1991 and adults 
aged ≥20 years during 1990–1993 on a fee-for-service basis. After 1992, the HBV vaccine was 
changed to a recombinant yeast vaccine with a new schedule, with vaccinations occurring at 
less than 1 week, 1 month, and 6 months of age [7]. The expenses of all vaccines and HBIG 
were covered by the government. Approximately 92% of infants born between 1984 and 
2002 received three or more doses [7]. The three-dose completion rate was 98.1% in 2018, 
demonstrating the high national vaccination coverage rate in Taiwan.
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HBIG FOR PREVENTING PERINATAL TRANSMISSION

The most economical and efficient program to prevent HBV infection in high-risk neonates 
is a standard dose of 5-μg HBV vaccine plus one dose of HBIG at birth [7]. The HBsAg-
seropositive rate of pregnant women in Taiwan was 15–17% between 1996 and 2005 [9,10], 
and passive immunization with HBIG is funded by the government to prevent perinatal 
transmission. Newborns of HBeAg-positive mothers received additional 0.5 mL of HBIG 
within 24 hours of birth between July 1984 and June 2019. Although the administration of 
HBIG to infants born to HBeAg-negative mothers did not appear to significantly reduce 
the rate of chronic HBV infection (1.88% vs. 0.99%), it might prevent infantile fulminant 
hepatitis [11]. The costs associated with HBeAg testing in all pregnant women and pediatric 
fulminant hepatic failure (FHF) could outweigh the costs of administering HBIG to infants 
born to HBsAg(+) mothers, irrespective of the mothers' HBeAg status [12]. As the HBV carrier 
rates continue to decline in Taiwan, the cost-to-benefit ratio will increase. In view of this, 
the HBIG vaccination policy was changed to include all HBsAg-positive mothers regardless 
of their HBeAg status in July 2019. In addition, the serum levels of HBsAg and anti-HBs in 
babies born to mothers with HBV are now assessed when they are aged 1-year-old.

EFFECT OF HBV UNIVERSAL VACCINATION

Decrease in the prevalence of chronic HBV infection
Before the implementation of the universal HBV vaccination program, the rate of chronic 
HBV carriers (positive HBsAg) was up to 15–20% in the general population of Taiwan. To 
monitor and evaluate the effectiveness of the nationwide HBV vaccination program, a series 
of serologic surveys to compare the seroprevalence of the birth cohort before and after the 
implementation of the universal infant HBV vaccination program in Taipei City, Taiwan, 
were conducted. The first survey was a baseline study conducted just before the launch of the 
universal program in 1984 [13], and further seroepidemiologic surveys were conducted every 
5 years in 1989 [14], 1994 [15], 1999 [16], 2004 [17], 2009 [18], and 2014 [19]. In people ≤30 
years of age, the seroprevalence of HBsAg decreased from 9.8 to 0.5% in Taipei City after 30 
years of mass vaccination [19]. In the 6th study, the seropositive rates for antibodies to HBsAg 
(anti-HBs) and hepatitis B core antibody (anti-HBc) were 47.4% and 4.5%, respectively, in the 
birth cohort after the vaccination program was launched. These results indicate that Taiwan 
is moving from an epidemic HBV area to a low endemic area. The global goal of reducing 
the prevalence of HBsAg set by the WHO Global Health Sector Strategy on Viral Hepatitis 
2016–2021 was to reduce the prevalence of HBsAg among children aged 5 years to ≤1% by 
2020 [20]. Taiwan has already surpassed this goal. In 2008, Lu et al. [21] conducted a study 
to investigate HBV vaccine-conferred immunity in adulthood. Anti-HBs were below the 
protective level in 50–60% of adolescents after a complete vaccination program (anti-HBs 
<10 mIU/mL), and at least 10% of the fully vaccinated individuals had lost their HBV vaccine-
conferred booster response [4]. According to these serial seroepidemiological studies, there 
was no increase in the seroprevalence of HBsAg with age. This means that the risk of chronic 
HBV infection does not increase with age, and there is no need to provide a universal booster 
dose to the general population [19].

Decrease in the incidence of infant fulminant hepatitis
HBV infection is the leading cause of fulminant hepatitis in children living in hyperendemic 
areas. The mortality rate of infantile fulminant hepatitis with HBV infection was found 
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to be 65% [22]. Up to 79% of their mothers were seropositive for HBsAg but seronegative 
for HBeAg [11]. The annual mortality rate of infantile fulminant hepatitis for infants born 
between 1975 and 1984 was 5.36 per 100,000 infants and 1.71 per 100,000 infants for those 
born between 1985 and 1998 [23]. One nationwide study of pediatric FHF in patients aged 1 
month to 15 years who had received HBV vaccination showed that 61% of patients with FHF 
in Taiwan were infants and HBV infection accounted for 57% of these infantile FHF cases 
[24]. The mortality of infantile fulminant hepatitis in the vaccinated birth cohort decreased 
by ≥90% from 1977–1980 to 2009–2011. HBV infection is no longer prevalent in the vaccinated 
cohort, which might be attributed to increased individual and herd immunity [25].

Decrease in the incidence of HCC
HBV infection is the leading cause of HCC, especially in children. Of children with HCC 
in Taiwan, 80–90% were HBsAg-seropositive, confirming the close relationship between 
HBV infection and pediatric HCC [26,27]. Prevention of HCC by HBV vaccination has 
been supported by decreased childhood HCC rates in Taiwan after the introduction of 
the nationwide vaccination program. The incidence of HCC in children aged 6–9 years 
significantly declined from 0.52 to 0.13 per 100,000 in children born before and after 1984, 
respectively [28]. The cancer prevention effect of universal HBV vaccination in reducing 
the incidence of HCC has been extended to young adults aged 20–26 years [27]. Compared 
with the unvaccinated birth cohort, the HCC incidence rate declined by more than 80% in 
individuals aged 5–29 years [25]. However, some individuals in the vaccinated birth cohort 
still developed HCC. Among individuals aged 6–26 years with HCC, 87% were HBsAg-
seropositive, and 83% had an HBsAg-seropositive mother. This was significantly related to 
incomplete vaccination and maternal seropositivity for HBsAg and HBeAg [27,29].

MOTHER-TO-INFANT TRANSMISSION

The maternal HBV screening program during pregnancy has existed in Taiwan since 1984. 
The highest annual maternal screening rate was 93%, which occurred in 2012. The HBsAg 
and HBeAg seropositivity rates of pregnant women declined from 13.4% and 6.4% in 1984–
1985 to 5.9% and 1.0% in 2016, respectively [9]. The HBV carrier rate in pregnant women 
and burden of perinatal infection significantly decreased. Although vaccination is a safe and 
effective tool to prevent HBV infection, it still does not completely eradicate mother-to-infant 
transmission (MTIT). MTIT HBV frequently occurs either in the uterus, through placental 
leakage, or exposure to blood-contaminated fluids during birth. Most MTIT occurs during 
delivery, with high maternal viral load and positive maternal HBeAg as the most significant 
risk factors [30]. The morbidity and mortality of MTIT are much more severe than those of 
horizontal transmission. In one study, even though all newborns received HBIG within 24 
hours of birth plus timely hepatitis B vaccinations, 2.4% subjects were seropositive for HBsAg 
soon after birth, and all had chronic HBV infection [31]. The immunoprophylaxis regimen 
fails in approximately 10% of children with HBeAg-positive mothers [11]. Infants born to 
mothers who are HBeAg-positive and with higher HBV viral loads are at risk of developing 
chronic infection. The predictive rates of HBV infection at maternal viral load levels of 107, 
108, and 109 copies/mL were 6.6%, 14.6%, and 27.7%, respectively [30]. These findings justify 
the use of antiviral agents in pregnant women who have a high risk of viral transmission.
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Antiviral prophylaxis treatment in HBV-infected pregnant women to 
minimize perinatal transmission
Antiviral nucleos(t)ide therapy in late pregnancy is a safe and effective method to reduce 
MTIT and has been recommended by a number of international expert societies [32-34]. 
Lamivudine, telbivudine, and tenofovir disoproxil fumarate (TDF) are the only antiviral 
agents that have been studied in pregnant women that can reduce the risk of MTIT of HBV 
safely [35,36]. A prospective well-controlled, multicenter trial in Taiwan compared MTIT 
in HBeAg-positive mothers with HBV DNA ≥107.5 IU/mL receiving TDF with those who had 
standard vaccination alone. The TDF-treated women received 300 mg of TDF daily from 
30–32 weeks of gestation until 1 month postpartum. The positivity for HBsAg in 6-month-
old infants decreased from 10.7 to 1.5% in the TDF-treated group, with an odds ratio of 0.10 
[37]. A 2016 open-labelled randomized controlled trial in China also demonstrated that 
TDF in pregnant women with high HBV viral loads of >2×105 IU/mL resulted in reduction in 
HBsAg positivity from 18 to 5% (p=0.007) in the intension-to-treat analysis, and a reduction 
from 7 to 0% (p=0.01) in the per-protocol analysis [38]. Another study from Thailand 
demonstrated that there was no significant benefit (2% vs. 0%, p=0.12) of TDF over placebo 
based on the HBsAg-positivity of 6-month-old infants [39]. Jourdain et al. [39] asserted 
that these conflicting results might be due to two reasons. First, in Thailand, the first dose 
was administered early (median, 1.2 hours after birth), after which the infants received four 
boosters at 1, 2, 4, and 6 months of age. Second, a low number of transmissions occurred in 
this trial (MTIT rates of 2% in the control group and 0% in the maternal tenofovir-treated 
group). In addition to HBV DNA, maternal HBsAg levels above 104 IU/mL are considered 
as an indication for prescribing treatment to reduce the likelihood of MTIT [40]. In 2019, 
we demonstrated that children born to pregnant mothers who received TDF treatment in 
the third trimester had a lower HBV DNA-positive rate at birth (5.2% vs. 30.1%), and lower 
HBsAg seropositivity at 6 months (1.7% vs. 11.8%) and 12 months (1.7% vs. 10.8%). Neonatal 
HBV DNA-positive status was highly correlated with pediatric chronic HBV infection (odds 
ratio, 61.9) [41].

CONCLUSION

Successful prevention of HBV transmission in Taiwan suggests indicates possible elimination 
of HBV worldwide in the future. To prevent MTIT of HBV, a comprehensive public health 
program and a medical care system are required. Owing to the efforts of many experts in 
Taiwan over the past four decades, we have achieved a high coverage rate for three doses 
of the HBV vaccine and HBIG, high screening rates for HBV markers in pregnant women, 
and prompt antiviral therapy in highly viremic pregnant women. In addition, high-risk 
infants are screened for HBV seromarkers when they are aged 1-year-old. The prevalence 
of HBV infection in Taiwan has considerably decreased since the introduction of a national 
HBV vaccination program. There has also been a reduction in the prevalence of infantile 
fulminant hepatitis and HCC. It is expected that there will be a decline in the incidence of 
chronic liver disease complications and HCC in adults in the future. Despite this success, 
breakthrough HBV infection in infants with highly infectious mothers remains a significant 
problem. Antiviral prophylactic treatment in pregnant women with high viremia can help 
prevent MTIT. In pediatric patients with chronic HBV, HBV therapy aims to decrease hepatic 
inflammation, reduce viral replication, and accelerate HBeAg seroconversion. Long-term, 
scheduled follow-ups are needed for children with chronic HBV.
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