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INTRODUCTION

Global Hepatitis B Virus Burden

Hepatitis B virus (HBV) infection is a global public health problem.:2 Worldwide estimates
suggest that more than 2 billion people have been infected with HBV, and that 248 million of
these people are chronically infected (defined as hepatitis B surface antigen [HBsAQ]
positivity).3 About 15% to 25% of persons with chronic HBV infection die from cirrhosis or
liver cancer.2 The Global Burden of Disease study estimated that there were 686,000 deaths
caused by hepatitis B in 2013 and a 5.9 per 100,000 age-standardized death rate globally,* of
which 300,000 deaths were attributed to liver cancer and 317,400 deaths to cirrhosis of the
liver secondary to hepatitis B.# This rate represents a substantial global burden, with wide
global geographic variation. Hepatitis B prevalence (HBsAQ) is highest in the sub-Saharan
African and western Pacific regions, considered high-intermediate to high endemicity
countries (5% to = 8% prevalence), and prevalence estimates exceed 15% in several
countries. Low-intermediate regions (2%-4.99%) include the eastern Mediterranean and
European regions. The Americas and Western Europe regions are considered low
endemicity, with HBsAg prevalence generally less than 2%.3° There has been an overall
decrease in HBsAg prevalence over time in most countries, but with notable increases in
African and eastern European countries.3
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United States Hepatitis B Virus Burden

In the United States, estimates of chronic hepatitis B infection range from 700,000 to more
than 2 million people.8-9 Estimating the number of chronically infected persons globally and
in the United States is challenging because the disease is asymptomatic in most infected
persons, leading to underdiagnosis, and passive surveillance often results in under
reporting.”-? Despite declines in chronic hepatitis B cases among children and adolescents,
due to increasing immunity following universal vaccine recommendations, the number of
chronically infected adults in the United States has been increasing as a result of
immigration of infected persons from highly endemic countries.1%:11 As many as 70% of
HBYV infections in the United States are estimated to be among foreign-born persons.12
Yearly, 40,000 to 45,000 people from HBV-endemic countries where the prevalence of
chronic HBV infection is > 2%, enter the United States legally!!; an estimated 3.9 million
foreign-born persons from eastern Asia and sub-Saharan Africa currently reside in the
United States.13

The prevalence of HBV infection is analyzed each year by the National Health and
Examination Survey (NHANES), a survey representative of the US noninstitutionalized
household population.614 Recent NHANES data from 2011 to 2012 indicate that there are
approximately 850,000 Americans living with chronic HBV infection in the United States.?
Oversampling of non-Hispanic Asians, who represent about 5% of the US population,
indicate that non-Hispanic Asians account for almost 50% (400,000) of all chronic HBV
infections in the United States.12:15

In the United States, rates of acute infection have remained about 1.0 per 100,000 population
since 2009, and have been reported from more nonurban than urban regions.18 African
American adults have the highest rate of acute HBV infection in the United States.1®
Recently (2006-2013) an increase in incident cases of acute HBV infection in Kentucky,
Tennessee, and West Virginia has occurred among non-Hispanic white people aged 30 to 39
years, who reported injection-drug use as a common risk factor.1’

TRANSMISSION OF HEPATITIS B VIRUS

There are 2 major modes of transmission of HBV that occur in the world. Perinatal
transmission, occurring at birth from infected mothers to their newborns, accounts for the
majority of HBV transmission worldwide. Horizontal transmission can occur through open
cuts and scratches; transfusion of blood products; breaks in good practices to prevent blood-
borne infections in the health care setting; sexual transmission and risky behavior, including
injecting-drug use or tattooing, body piercing, and scarification procedures without the use
of sterilized equipment and needles.

The risk of developing chronic HBV infection among susceptible persons decreases with age
at infection and thus depends on the mode of transmission. Up to 90% of perinatal infections
become chronically infected; approximately 20% to 60% of children aged 1 to 5 years
become chronically infected, and 5% to 10% of older children and adults.18-21
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Perinatal Transmission

Hepatitis B “e” antigen (HBeAgQ) is a serologic marker for high viral levels of HBV DNA.
Perinatal transmission occurs almost universally in mothers who are positive for but also can
occur in mothers who have very high levels of HBV DNA, > 200,000 1U/ml in their blood.
The risk of an unvaccinated infant acquiring HBV at birth is up to 100% in an infant born to
an HBeAg-positive mother. The classic study by Palmer Beasley in Taiwan in the 1970’s,
before vaccine was available, demonstrated that among women who were HBeAg-positive,
85% of their infants became chronically infected as compared to 32% among HBeAg
negative women.22 An estimated 90% risk of developing chronic HBV exists among infants
infected perinatally.

Prevention of Perinatal Transmission

The most impactful strategy for reducing mother to newborn transmission of HBV is
incorporating the birth dose into the hepatitis B vaccine schedule. A birth dose followed by 2
more doses of hepatitis B vaccine can reduce the prevalence of chronic HBV in the infant by
approximately 90% in infants of HBeAg-positive mothers and almost all HBeAg-negative
mothers. This birth dose is especially important in areas of the world where a significant
proportion of HBsAg-positive mothers are also positive for HBeAg, such as in China, south
east Asia, and the Pacific Islands. In these areas, if the birth dose is not given, the
effectiveness of hepatitis B vaccine could be reduced to as low as only 50% to 75%.23 In
regions such as sub-Saharan Africa and Russia where less than 25% of HBsAg-positive
pregnant women are also HBeAg positive,24 the impact of missing the birth dose is not as
severe but is still significant. Including a dose of HBIG at birth to infants born to HBsAg-
positive mothers can further reduce the risk of transmission to less than 5%. Beasley and his
colleagues showed in a randomized-controlled trial, that with administration of the birth
dose plus HBIG to infants born to HBsAg/HBeAg-positive mathers only 6% of those infants
became HBsAg-positive verses 88% of infants who received placebo.2>

Horizontal Transmission

Horizontal transmission of HBV, if it occurs in young children, has a high risk of leading to
chronic HBV. Three prospective studies conducted before the availability of hepatitis B
vaccine have shown this.26-28 A study of 1280 persons who were seronegative for HBV
markers conducted in Alaskan villages in the 1970s found that, of 189 persons who acquired
HBV during a 4-year period, 29% of those less than the age of 5 years developed chronic
HBV versus 16% of those between 5 and 10 years and 8% of those more than 30 years of
age.2% In a study from Taiwan following children born without HBV infection who acquired
HBV before 5 years of age, 23% developed chronic HBV.27 A third study from Senegal
found that 50% of children infected horizontally before the age of 2 years became
chronically infected.?8 In the Senegal study the rate of chronic HBV decreased from 68% at
1 year to 6.3% after 4 years of age. Furthermore, for those infected at less than 6 months of
age, the rate of chronic HBV was 82%, and for those infected between 6 months and 1 year
it was 54%. Inclusion of the birth dose and subsequent doses not only prevents perinatal
transmission but also reduces acquisition of infection in the first few months of life when
there is the greatest risk of developing chronic infection via horizontal transmission.
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In young children and some adults, horizontal transmission likely occurs because of the
presence of infectious HBV on environmental surfaces. In a study from Alaska 40 years ago,
before HBV DNA testing was available, HBsAg was found by environmental sampling on
school lunch room table tops; on walls, toys, and baby bottles in homes where HBsAg-
positive persons were living; and filtered from impetigo sores.2® Furthermore, when HBV
was left at room temperature, after at least 7 days viral replication was found to occur.30
Virus may be shed via open cuts, scratches, and sores from persons with chronic HBV onto
environmental surfaces and then can infect other persons with open lesions through their
contact with the contaminated surfaces. Horizontal transmission also occurs via unsterile
injections from health care encounters or injection-drug use and tattooing as well as
scarification practices, sexual transmission, and via high-risk health care environments,
including renal dialysis units and emergency rooms.31

Among young adults in the United States, injection-drug use is an increasing cause of
horizontal hepatitis B transmission in some areas. A 114% increase in acute HBV infection
from 2006 to 2013 was found in Kentucky, Tennessee, and West Virginia.1” The increase
occurred primarily among white people aged 30 to 39 years who reported the use of
injection-drugs. Outbreaks in health care settings is a further cause of horizontal
transmission. From 2008 to 2014, 23 acute hepatitis B outbreaks occurred related to health
care.32 These outbreaks were associated with 175 cases and more than 10,700 persons were
notified for screening. Of these outbreaks, 17 outbreaks occurred in long-term care facilities,
and most were associated with infection-control lapses during assisted monitoring of blood
glucose levels.32

Prevention of horizontal transmission requires education, appropriate infection-control
practices, and vaccination of hepatitis B household contacts and other persons at high risk of
hepatitis B.

STRATEGIES FOR CONTROL AND PREVENTION OF HEPATITIS B
INFECTION

This article discusses the good practice principals that can effectively halt transmission of
HBV. It uses as examples global and US programs in HBV vaccination (eg, Alaska) to
demonstrate how effective infant vaccination strategies can accomplish this goal, starting
with the first dose of hepatitis B vaccine administered immediately after birth followed by
full vaccination during infancy and the use of catch-up vaccination programs for children. In
addition, it highlights how programs targeting adults at the highest risk of HBV infection
can prevent acute icteric HBV infection and transmission in this age group.

Global Vaccine Policy

In 1991, the Global Advisory Group of the Expanded Programme on Immunization (EPI)
recommended integration of hepatitis B vaccination into national immunization programs by
1995 in countries with an HBV carrier prevalence of 8% or higher, and by 1997 in countries
with a lower prevalence.? By the end of 2014, hepatitis B vaccine had been introduced
nationwide in 184 countries.12

Clin Liver Dis. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nelson et al.

Page 5

World Health Organization Recommendations and Strategy on Vaccination for Control of

Hepatitis B

There are 5 key World Health Organization (WHO) strategic areas for hepatitis B prevention
through vaccination summarised in a WHO policy document from the Western Pacific

ion 33
region.

Vaccination of infants—The WHO recommends the use of monovalent HBV vaccination
within 24 hours of birth, followed by completion of the HBV vaccine series within 6 to 12
months as the most cost-effective strategy for the prevention and control of hepatitis B.33:34
This strategy provides the earliest possible protection to future birth cohorts and reduces the
pool of chronic carriers in the population. Timely vaccination of newborn infants can prevent
perinatal HBV transmission. Table 1 shows a typical schedule of hepatitis B and pentavalent
vaccination in the western Pacific region. Strengthening of routine immunization services to
achieve and sustain high coverage with 3 doses of hepatitis B vaccine by 1 year of age is the
most important strategy for hepatitis B control. Mathematical modeling suggests that very
high vaccine coverage rates (= 90%) are needed to interrupt transmission and prevent deaths,
with the goal to protect the entire birth cohort and achieve health equity.3®

Delivery of a timely birth dose also provides an opportunity to link immunization delivery
systems with maternal health programs, and to ensure that HBV vaccine is included in the
essential care package for newborn infants, and to harmonize training and programmatic
issues, including where, when, and by whom the birth dose is given.

Hepatitis B immune globulin (HBIG): Where resources allow, HBIG may be given in
addition to the vaccine to children born to HBsAg-positive mothers. However, the option for
HBIG is conditional on the existence of a comprehensive antenatal screening program for
hepatitis B infection, and is of limited value in settings with poor antenatal coverage.33

Catch-up vaccination: The WHO also recommends catch-up vaccination for older children
who missed immunization as infants as a secondary strategy after routine vaccination
reaches target levels. This strategy depends on whether a country has additional financial
and human resources for enhanced hepatitis B control, and should be based on careful
epidemiologic and economic analysis.

Vaccination of priority adult population groups may be prioritized after infant
immunization—-Priority or high-risk population groups include health care workers,
contacts of HBsAg-positive persons, men who have sex with men, sex workers, people who
inject drugs, frequent recipients of blood/plasma transfusions, and any other population
groups coming in regular contact with blood and blood products. Incidence of acute HBV is
highest among adolescents and adults, although the risk of developing chronic HBV is low
compared with infants and children. Vaccination programs targeting high-risk adults can be
difficult to implement because of challenges in identifying and vaccinating persons engaged
in high-risk activity before they become infected. Universal vaccination of health care
workers is an effective strategy to protect high-risk adult groups from HBV infection.36
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Vaccine supply and quality—Key goals are elimination of vaccine stock-outs at the
national and district levels through improved training in vaccine management, prevention of
vaccine freezing through improved training in temperature monitoring, and promotion of the
use of controlled temperature chain for hepatitis B birth dose delivery.33

Advocacy and social mobilization—The primary goal is to increase awareness among
decision makers, health care workers, and caretakers of the risks and consequences of HBV
infection and the need for hepatitis B vaccination through community and civil society
engagement, use of media outlets, education materials, and mass awareness campaigns such
as World Hepatitis Day and World immunization week.33

Measurement of program performance and impact—Because frequent serologic
surveys are not feasible, vaccine coverage rates serve as an interim proxy for program
performance, and can help identify areas of poor performance where increased resources and
efforts should be focused. Although routinely collected administrative data may be used for
regular monitoring, it is useful to supplement this with periodic vaccination coverage
surveys to identify any major problems. Such surveys usually target children aged 12 to 33
months to allow estimation of vaccine coverage for the most recent birth cohort. In order to
assess the status of the impact of the vaccination program, seroprevalence surveys are
essential. There is no set schedule for conducting these surveys and they should be
undertaken when it is programmatically important to do so.33

VACCINATION OF INFANTS AND ADMINISTRATION OF HEPATITIS B
IMMUNE GLOBULIN

United States Vaccine Policy

In the United States in 1991, the Advisory Committee on Immunization Practices (ACIP)
published a comprehensive strategy for eliminating transmission in the United States
through universal childhood. The strategy included recommendations for the prevention of
perinatal HBV infection, universal vaccination of infants born to HBsAg-negative mothers,
vaccination of adolescents, and vaccination of selected high-risk groups.3’” The
recommendations have been revised and expanded since 1991.

United States Universal Infant and Childhood and Adult Vaccination Policy

The 2005 ACIP recommendations3® state that infants born to mothers who are HBsAg-
positive should receive hepatitis B vaccine and HBIG within the first 12 hours of birth.
Infants born to mothers whose HBsAg status is unknown should receive hepatitis B vaccine
in the first 12 hours after birth. The mother should have blood drawn as soon as possible to
determine her HBsAg status; if she is HBsAg-positive, the infant should receive HBIG as
soon as possible (no later than age 1 week). Full-term infants who are medically stable and
weigh more than 2000 g born to HBsAg-negative mothers should receive single-antigen
hepatitis B vaccine before hospital discharge. Preterm infants weighing less than 2000 g
born to HBsAg-negative mothers should receive the first dose of vaccine 1 month after birth
or at hospital discharge.38
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After the birth dose, all infants should complete the hepatitis B vaccine series with either
single-antigen vaccine or combination vaccine, according to a recommended vaccination
schedule38 (Box 1). Postvaccination serologic testing consisting of HBsAg and anti-HBs
should be ordered at age 9 to 12 months (or 1-2 months after the final dose of the vaccine
series, if delayed) for infants born to HBsAg-positive mothers only,3° to enable prompt
identification and revaccination of nonresponders who were exposed at birth.

Catch-up Vaccination

All unvaccinated children and adolescents aged less than 19 years old should receive the
hepatitis B vaccine series according to the hepatitis B catch-up schedule.40

Adult Vaccination

High-risk adults should also receive the 3 doses of hepatitis B vaccine*! (Box 2). High-risk
adults include persons at risk for infection by sexual exposure, and persons at risk for
infection by percutaneous or mucosal exposure to blood and other infectious fluids. Persons
at risk of sexual exposure include sex partners of HBsAg-positive persons; sexually active
persons who are not in a long-term, mutually monogamous relationship; persons seeking
evaluation or treatment of a sexually transmitted disease; and men who have sex with men.
Persons at risk for percutaneous exposure include current or recent injection-drug users;
household contacts of HBsAg-positive persons; residents and staff of facilities for
developmentally disabled persons; health care and public safety workers with reasonably
anticipated risk for exposure to blood or blood-contaminated body fluids; persons with end-
stage renal disease, including predialysis, hemodialysis, peritoneal dialysis, and home
dialysis patients. Others who should receive this vaccine include international travelers to
regions with high or intermediate levels (HBsAg prevalence of = 2%) of endemic HBV
infection, persons with chronic liver disease, persons with human immunodeficiency virus
(HIV) infection, and all other persons seeking protection from HBV infection (Box 3).41

Over the next 4 years, 53,000 AN persons were tested for HBV serologic markers, which
represented two-thirds of the statewide AN population and 90% of children and adults living
in western Alaska; 40,000 serologically negative persons were vaccinated.4647 In addition,
in all hospitals, screening of pregnant women with HBsAg was initiated and infants of
HBsAg-positive mothers received both HBIG and 3 doses of hepatitis B vaccination starting
at birth, plus universal vaccination was initiated for all infants, starting with a birth dose.
Since the mid-1990s, universal hepatitis B vaccination has been given to all newborns in
Alaska, regardless of race or ethnicity, starting at birth, and there has been a catch-up
program for all children through age 19 years consistent with the ACIP recommendations.

IMPACT OF VACCINATION GLOBALLY AND IN THE UNITED STATES

Impact and Current Status of Implementation of World Health Organization
Recommendations

The 1991 EPI recommendations for universal hepatitis B vaccine at birth and other hepatitis
B vaccination strategies have resulted in substantial reductions of HBV transmission in
previously high endemic countries.? In 2014, global coverage with 3 doses of hepatitis B
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vaccine is estimated at 82% (compared to 1% in 1990) and is as high as 92% in the Western
Pacific.1 For example, the national Taiwan vaccine program, which started in 1984, has been
78% to 87% effective in reducing HBsAg seroprevalence in children.#8 China has also made
remarkable progress in increasing immunization coverage of hepatitis B vaccine. From 2005
to 2009, demonstration projects focused on promoting hospital delivery, strengthening
collaboration between the EPI and the maternal and child health program, and developing
strategies for both hospital and home births.4°

By the end of 2014, hepatitis B vaccine had been introduced nationwide in 184 countries.
Fig. 1 shows the geographic variation in coverage of the third dose of HBV vaccine in 2014.
Fig. 2 shows the temporal trends in vaccination coverage for both the third dose and birth
dose in the western Pacific region, and the marked increases in coverage that occurred in
2000 and 2004 respectively. A birth dose for hepatitis B vaccine was introduced in 96
countries by 2014, and global coverage was estimated at 38%, reaching 80% in the western
Pacific, but only 10% in the African region.%9 Data from 2012 also show that only 52% of
countries recommend giving the first HBV vaccine dose within 24 hours of birth.51 Even
fewer were administering HBIG to infants born to mothers infected with HBV. Such data
represent a challenge for the goal of HBV elimination because nearly half of all births
worldwide are estimated to occur in high HBV-endemic countries.

At present, there is limited vaccination in low-income and middle-income countries of high-
risk adults, particularly susceptible household and sexual contacts of HBsAg-positive
persons identified in screening programs.

Current Vaccine Coverage and Impact in the United States

Children—The number of cases of HBV infection has decreased dramatically in the United
States because of routine vaccination of infants. A 68% decrease in HBV infection
prevalence among US children, regardless of country of origin, was observed within 10
years of initiation of universal hepatitis B vaccination in 1991. Forty-eight perinatal
hepatitis B cases were reported.52 In 2014, vaccination coverage among children aged 19 to
35 months was 91.6% for greater than or equal to 3 doses and 72.4% for the birth dose (1
dose administered by 3 days of life).23 Vaccine coverage was 91.4% among adolescents age
13-17 years.>

High-risk adults—Adult vaccination coverage for hepatitis B in the United States is low.
The 2014 National Health Interview Survey reported hepatitis B vaccination coverage (= 3
doses) among adults was 24.5% for adults aged greater than or equal to 19 years, 32.2%
among adults aged 19 to 49 years, and 15.7% among adults aged greater than or equal to 50
years.>® Among adults aged 19 to 49 years, vaccination coverage was lower for black
(29.9%) and Hispanic (20.2%) people compared with white people (36.3%). Among high-
risk groups, vaccination coverage was 30.5% among adults aged greater than or equal to 19
years who had traveled outside the United States since 1995 to a country in which hepatitis
B is of high or intermediate endemicity (regions other than the countries of Europe, Japan,
Australia, New Zealand, or Canada); was 29.8% among adults aged greater than or equal to
19 years with chronic liver conditions; and 23.5% for those aged 19 to 59 years with
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diabetes mellitus (DM). The group with the highest hepatitis B vaccination coverage was
health care providers (HCPs); 60.7% overall among HCP aged greater than or equal to 19
years with direct patient care responsibilities (70.9% among white HCPs and 56.6% among
black HCPs).

The number of HBV infections among HCPs decreased substantially after hepatitis B
vaccine was first recommended for HCPs in 1982 because of the implementation of routine
preexposure vaccination and improved infection-control precautions.>® At present, all
unvaccinated persons whose work-related and training-related activities involve reasonably
anticipated risk for exposure to blood or other infectious body fluids should be vaccinated
with the complete, = 3-dose hepatitis B vaccine series and undergo postvaccination serologic
testing to show protective antibody levels.>758

Hepatitis B vaccination coverage among persons with DM has remained low since the
recommendation in 2011 to vaccinate all unvaccinated adults with DM age 19-59 years and
adults with DM age = 60 years at the provider’s discretion. Infection-control lapses during
assisted monitoring of blood glucose levels32 continue to occur, emphasizing the need to
increase hepatitis B vaccination in this population.

Incidence of acute hepatitis B virus infection—Age specific prevalence of HBV
vaccine immunity (anti-HBs) was estimated at about 25% of the US non-institutionalized
population, based on the last NHANES survey from 2007-2012,%:9 largely due to routine
vaccination policies in newborns, children and adults. Routine vaccination programs in
newborns, children, and adults has also had a dramatic effect on reducing the transmission of
HBYV infection. Routine vaccination has had a dramatic effect on lowering transmission of
HBYV infection as well. One measure of vaccine impact is the incidence of acute
symptomatic HBV in populations. The number of reported cases of acute hepatitis B
decreased by 62%, from 8036 in 2000 to 2,953 (0.9/100,000) in 2014 (Fig. 3).16:52

Impact of Alaskan vaccination program

In western Alaska, where one of the highest incidences of acute symptomatic HBV infection
was found, mass vaccination of susceptible persons coupled with universal vaccination of
newborns starting at birth resulted in a dramatic decrease in the annual incidence of acute
icteric HBV from more than 200 in 100,000 in 1981 to 0 in 1995, where it has
remained.%6:57 The State of Alaska implemented universal infant vaccination for all
newborns in 1993, followed by a catch-up vaccination program in children up to 20 years of
age, coupled with required proof of HBV vaccination for school entry. The overall incidence
of acute HBV in the State of Alaska has decreased to less than 1 in 100,000. In AN children
in Alaska, the incidence of acute symptomatic HBV has decreased from 35 in 100,000 in
1983 to 0 in 1993 and no cases have been reported since then.*6 Two countries in which the
rates have fallen substantially due to vaccine implementation include Taiwan and Italy. In
Taiwan, the incidence of acute symptomatic HBV in children has decreased significantly
since the implementation of universal newborn vaccination in the 1980s.59 In Italy, hepatitis
B vaccine was strongly recommended for high risk groups in 1984 and for 3 month olds and
12 years olds in 1991.60
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Hepatitis B-related Mortality and Liver Cancer

An estimated 39,230 new cases of liver cancer are expected to occur in the United States
during 2016; most will be HCC.51 Chronic infection with HBV or hepatitis C virus is the
strongest risk factor for hepatocellular carcinoma, which is the most common type of liver
cancer. In the United States, 10% to 15% of patients with HCC are infected with HBV.52
Prospective cohort studies have shown a 5-fold to 100-fold increase in the risk of developing
HCC among persons chronically infected with HBV. However, the age distribution of
patients with HCC has shifted to younger ages, with increases among persons 45 to 60 years
old. HCC in children is rare.5¢ The number and rate of hepatitis Brelated deaths overall has
been stable for all age group in recent years (2010-2014), at < 0.03 per 100,000 population
for persons aged 0 to 34 years and increasing up to 1.8/100,000 in older age groups. In 2014,
the overall hepatitis B-related mortality rate was 0.5 deaths/100,000 population
(n=51,843).16

Incidence of Hepatocellular Carcinoma in Children

Although HCC is not common in children, vaccination programs from Alaska, Taiwan, and
Thailand that target newborns and children studies have shown a significant decrease in the
incidence of HCC. Before the vaccination campaign in Alaska, the incidence of HCC in
children was the highest reported in the world, at 3 per 100,000. Since 1993, no cases of
HCC in children caused by HBV have occurred, which is a result of the universal infant and
child vaccination program.83 Furthermore, currently there are no AN children less than 20
years of age in Alaska known to be HBsAg-positive, showing that, with a concerted
vaccination program, acute and chronic HBV can be eliminated from a generation. In
Taiwan and Thailand, a reduction in the incidence of HCC in children was also shown 10
years after introduction of universal infant vaccination.54.6

Hepatocellular Carcinoma in Adults

After the successful implementation of a universal newborn vaccination program followed
by a child catch-up program, there will be a several-decade gap before the largest impact on
the reduction of the serious sequelae of HBV takes place. The incidence of HCC and
decompensated cirrhosis increases slowly in persons infected at birth or early childhood then
accelerates exponentially when infected persons reach their late 30s and early 40s. Goldstein
and colleagues3® developed a model to display this graphically (Fig. 4). In order to affect the
incidence of these serious complications sooner, programs are needed to identify persons
infected with HBV, link them to regular care, and intervene with antiviral therapy in those
eligible based on current guidelines.56:87 With currently licensed and recommended antiviral
medications (tenofovir and entecavir), HBV cannot be cured, but many new drugs are in
clinical development that target different sites in the HBV life cycle and offer potential for a
curative strategy.58
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DISCUSSION

Challenges in Implementation of Birth Dose Vaccination in Low-Income and Middle-Income
Countries

There are several reasons why many low-resource countries are having difficulty
implementing birth dose vaccination within 24 hours of birth. These include:

1. Out-of-hospital births are common in countries with high HBV endemicity, and
home deliveries are frequently handled by traditional birth attendants, most of
whom have no formal training.

2. In many resource-limited settings, particularly in Africa and Asia, HBV vaccine
is only available in a pentavalent preparation (with diphtheria, pertussis, tetanus,
and Haemaophilus influenzae B) and not as a monovalent vaccine for use in
newborn babies. The GAVI Alliance (formerly Global Alliance for Vaccines and
Immunisation) no longer supports the monovalent vaccine, but only the
pentavalent one, which cannot be given in the first 6 weeks of life and is
therefore not useful as the birth dose vaccine.

3. Despite extensive evidence that hepatitis B vaccine is extremely safe for neonates
and infants, many health care workers still hold misconceptions regarding
contraindications for hepatitis B birth dose vaccination.

Of note, HBIG is also not available or feasible in many low-income countries because its
storage requires a cold chain and complex production.?

Challenges in Vaccinating Adults at High Risk of Acquiring Hepatitis B Virus as Adults

In the United States, adult vaccination coverage rates are low overall,%2 and this has been
attributed to multiple factors, such as limited awareness among the public of the benefit of
adult vaccination, inadequate needs assessment for vaccination in adult patient care,
payment challenges for patients and providers, and limited stock in health provider offices.
Strategies to improve adult immunization in persons at risk for HBV infection and for whom
hepatitis B vaccine is recommended include clinical decision support tools, standing orders
or protocols for vaccination, and provider and patient reminders. Provider recommendation
and convenient access to vaccination are also important.%®

In the United States, a recent National Academy of Sciences report concluded that control of
hepatitis B is feasible, but that eliminating hepatitis B disease will require resources, public
support, and addressing barriers.8 Barriers to elimination identified include surveillance,
vaccine tracking, stigma, difficulty reaching foreign-born adults, overworked primary care
providers, and need to better understand HBV and management of chronic infection.

Future Goals in Prevention of Mother-to-child Transmission and Vaccination

Some of the key strategies to address current barriers to implementation of the birth dose
include the following (summarized in Box 4)4°:
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1. Ensuring the provision of monovalent HBV vaccine at an affordable price in low-
income countries with high HBV endemicity, which may require further support
from GAVI.

2. Storing the HBV vaccine out of the cold chain, which is possible for up to a
month (2006 WHO operational field guidelines). The availability of monovalent
vaccine in prefilled, single-dose injection devices can also facilitate the
administration of the vaccine by birth attendants to infants delivered at home.”®

3. In addition, collaboration with maternal and child health programs to promote
access to skilled birth attendants and postnatal care is critical, together with
engagement of community leaders to increase access to available outreach
services. Ensuring population confidence in the safety of the vaccine is also
important to achieve high vaccine coverage. Education and training of health
workers along with communications targeted at the community are needed to
address concerns about the timing and safety of administering vaccine
immediately after birth and about false contraindications.

The key strategies for control of the HBV epidemic are a combination of universal infant
vaccination with three doses of hepatitis B vaccine in the first year of life, together with
diagnosis of mothers at high risk of transmitting HBV, those HBeAg-positive or having a
level of HBV DNA > 200,000 1U/ml in their sera, and use of antiviral agents in the late first
or early second trimester to decrease maternal DNA concentrations to undetectable
concentrations.

Use of Antiviral Therapy in Women with High Viral Loads

Despite timely administration of HBIG and hepatitis B vaccine starting immediately after
birth, 5% to 10% of newborns whose mothers have very high levels of HBV DNA can still
acquire HBV infection and develop chronic HBV.” Recently, the American Association for
the Study of Liver Diseases (AASLD) conducted a systemic review of the evidence that
administering antiviral therapy in the third trimester reduces the incidence of HBV
transmission to women with very high levels of HBV DNA.”2 From this review, the
AASLD, in their updated guideline that used the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach, recommended that antiviral therapy be
administered to HBsAg-positive pregnant mothers in the third trimester whose levels of
HBV DNA exceed 200,000 1U/mL"3 but WHO HBV guidelines have not yet included such
a recommendation on use of antiviral therapy.” Although lamivudine and telbivudine are
both efficacious and considered safe in pregnancy (though long-term safety data are
lacking), tenofovir is the drug of choice based on both its potency and high barrier to
resistance.

SUMMARY

The hepatitis B vaccine which has been proven to be safe and effective with protection after
the vaccine series estimated to persist for at least 30 years among greater than 90% of
persons vaccinated,’# is a key component of chronic hepatitis B prevention and eventual
elimination. Routine infant vaccination in over 180 countries has resulted in a reduction in
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global HBV transmission and declines in chronic HBV prevalence.l2 Particular success in
reduction of HBV burden from high to low endemicity was achieved in Taiwan and Alaska,
US and serve as examples for other areas.2/°

Substantial obstacles to global hepatitis B vaccination have been overcome since it was
introduced. For example, the cost of vaccine has decreased, the GAVI Alliance has provided
targeted assistance to specific countries and implementation of infant immunization
programs has broadened.”® However, many barriers still need to be overcome to achieve
elimination of hepatitis B, such as sustained support in developing countries, improved
identification of hepatitis B positive mothers, improved implementation of hepatitis B infant
vaccination programs including the timely administration of the birth dose, increasing
facility-based births to improve access to vaccination, improved cold-chain management for
vaccine storage and transport, further exploration of outside the cold chain storage of
vaccine,’’ and reducing horizontal transmission among high risk adults. Integrating hepatitis
B vaccination with global health initiatives may help sustain existing hepatitis B vaccination
programs.’® Integrating hepatitis B vaccination with screening, care and treatment might
also promote general hepatitis B prevention, particularly among pregnant women and is
essential for hepatitis Belimination.60.71
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Box 1
Hepatitis B (HepB) vaccine in the United States (minimum age: birth)

Routine vaccination

At birth:

. Administer monovalent HepB vaccine to all newborns before hospital
discharge.

. For infants born to HBsAg-positive mothers, administer HepB vaccine and
0.5 mL of HBIG within 12 hours of birth. These infants should be tested for
HBsAg and anti-HBs at age 9 to 12 months (preferably at the next well-child
visit) or 1 to 2 months after completion of the HepB series if the series was
delayed; see http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6439a6.htm.

. If mother’s HBsAg status is unknown, within 12 hours of birth administer

HepB vaccine regardless of birth weight.

. For infants weighing less than 2000 g, administer HBIG in addition to HepB
vaccine within 12 hours of birth. Determine the mother’s HBsAg status as
soon as possible and, if the mother is HBsAg-positive, also administer HBIG
for infants weighing 2000 g or more as soon as possible, but no later than age
7 days.

Doses following the birth dose

. The second dose should be administered at age 1 or 2 months. Monovalent
HepB vaccine should be used for doses administered before age 6 weeks.

. Infants who did not receive a birth dose should receive 3 doses of a HepB-
containing vaccine on a schedule of 0, 1 to 2 months, and 6 months starting as
soon as feasible.

. Administer the second dose 1 to 2 months after the first dose (minimum
interval of 4 weeks), administer the third dose at least 8 weeks after the
second dose and at least 16 weeks after the first dose. The final (third or
fourth) dose in the HepB vaccine series should be administered no earlier than
age 24 weeks.

. Administration of a total of 4 doses of HepB vaccine is permitted when a
combination vaccine containing HepB is administered after the birth dose.

Catch-up vaccination
. Unvaccinated persons should complete a 3-dose series.

. A 2-dose series (doses separated by at least 4 months) of adult formulation
Recombivax HB® is licensed for use in children aged 11 through 15 years.

Data from http://www.cdc.gov/vaccines/schedules/hcp/child-adolescent.html. Accessed
August 15, 2016.
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Box 2

HepB vaccination for adults aged 19 years or older

Vaccinate any person seeking protection from HBV infection and persons
with risk factors for HBV infection with the 3-dose series (http://
www.cdc.gov/vaccines/schedules/downloads/adult/adult-combined-
schedule.pdf).

Catch-up

O Administer missing doses to complete a 3-dose series of HepB
vaccine to those persons not vaccinated or not completely
vaccinated. The second dose should be administered at least 1
month after the first dose; the third dose should be administered at
least 2 months after the second dose (and at least 4 months after the
first dose). If the combined hepatitis A and HepB vaccine
(Twinrix®) is used, give 3 doses at 0, 1, and 6 months; alternatively,
a 4-dose Twinrix® schedule may be used, administered on days 0, 7,
and 21 to 30, followed by a booster dose at 12 months.

Adult patients receiving hemodialysis or with other immunocompromising
conditions should receive 1 dose of 40 pg/mL (Recombivax HB®)
administered on a 3-dose schedule at 0, 1, and 6 months or 2 doses of 20
pg/mL (Engerix-B®) administered simultaneously on a 4-dose schedule at 0,
1, 2, and 6 months.
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Box 3

Persons recommended to receive HepB vaccination by risk factor

All infants, children and adolescents

Persons at risk for infection by sexual exposure

Sex partners of HBsAg-positive persons

Sexually active persons who are not in a long-term, mutually monogamous
relationship (eg, persons with more than 1 sex partner during the previous 6
months)

Persons seeking evaluation or treatment of a sexually transmitted disease

Men who have sex with men

Persons at risk for infection by percutaneous or mucosal exposure to blood

Others

Current or recent injection-drug users
Household contacts of HBsAg-positive persons
Residents and staff of facilities for developmentally disabled persons

Health care and public safety workers with reasonably anticipated risk for
exposure to blood or blood-contaminated body fluids

Persons with end-stage renal disease, including predialysis, hemodialysis,
peritoneal dialysis, and home dialysis patients

Adults with diabetes mellitus who are aged 19 through 59 years

International travelers to regions with high or intermediate levels (HBsAg
prevalence of > 2%) of endemic HBV infection

Persons with chronic liver disease
Persons with HIV infection

All other persons seeking protection from HBV infection
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Box 4
Strategies to improve implementation of birth dose and infant vaccination

Service delivery arrangements

. Encourage health-facility deliveries through subsidized deliveries, provide
education to mothers during antenatal care, and enhance links with
communities.

. Issue standing orders for birth dose vaccination in all health facilities.

. Orientate health and administrative staff on the HBV policy.
. Integrate birth dose with maternal and newborn care in health facilities by:
@) Ensuring vaccine is available in the delivery room or postnatal ward

O Establishing clear health-facility policies on where/when/who is to
vaccinate

@) Positioning birth dose vaccination as part of essential newborn care
package

@) Providing supportive supervision
. Ensure private facilities provide birth dose vaccination.
. Where infants are born outside health facilities:
@) Conduct home visits to provide timely vaccination

O Integrate timely birth dose with home visits for other early postnatal
care

(@) Store vaccine outside the standard cold chain in controlled
temperature chain

O Engage village health volunteers to inform health facility of all
home births

Health workforce considerations

. Conduct well-structured training for health workers, including education on
perinatal transmission, backed up by frequent follow-up and supportive
supervision.

Health information system strengthening

. Maintain birth registries and community birth notification, including tracking
home births.
. Incorporate birth dose and its timing within vaccination records.
. Use accurate definition of timely birth dose in coverage reporting.
Education
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. Address community concerns or lack of knowledge regarding birth dose.

. Address fear of adverse events, including planning for the risk of coincidental
newborn death or disease.

. Respond to parental refusal of vaccination.

Data from Practices to improve coverage of the hepatitis B birth dose vaccine. Geneva
(Switzerland): World Health Organization; 2012. WHO/IVB/12.11. Available at: http://
www.who.int/immunization/documents/control/who_ivb_12.11/en/. Accessed May 13,
2016.
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KEY POINTS

The Global Advisory Group of the Expanded Programme on Immunization
recommendations to integrate hepatitis B vaccination into national
immunization programs have resulted in substantial reductions of hepatitis B
virus (HBV) transmission in previously high endemic countries.

A 68% decrease in HBV infection prevalence among US children, regardless
of country of origin, was observed within 10 years of initiation of universal
hepatitis B vaccination.

The key strategy for control of the HBV epidemic is universal infant
vaccination with administration of birth dose and 3 doses of hepatitis B
vaccine in the first year of life. Additional measures include use of hepatitis B
immunoglobulin (HBIG) and together with diagnosis of mothers at high risk
of transmitting HBV with use of antiviral agents in the late first or early
second trimester to decrease maternal DNA concentrations to undetectable
concentrations.

Despite the substantial decrease in HBV cases since vaccination introduction,
implementation of birth dose vaccination in low-income and middle-income
countries and vaccination of high-risk adults remain challenging.

Clin Liver Dis. Author manuscript; available in PMC 2017 November 01.




1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nelson et al.

Page 24

Alaska Vaccination Program

In the 1970s epidemiologic studies found that HBV infection was endemic in western
Alaska. Rates of acute icteric HBV infection were more than 200 per 100,000 and the
prevalence of chronic HBV was 6% to 8%.42 Furthermore, the incidence of
hepatocellular carcinoma (HCC) was the highest in the United States at the time and was
especially high in children and young adults.#3 Five different HBV genotypes were found
in Alaska and, because of that, transmission was predominantly perinatal in northwest
Alaska, where genotype C predominated, similar to what is observed in China and
southeast Asia, but there was horizontal child to child transmission in southwest Alaska,
similar to the predominant mode of transmission in Africa.2644 Studies from Alaska
found that persons infected with genotype C on average cleared HBeAg after reaching
their mid-40’s and thus most were positive throughout most of their childbearing years.
In contrast most of those infected with genotypes A, B6, D and F cleared HBeAg in the
teens and early 20’s early in their childbearing years.** The approach to interrupting
transmission therefore had to address both the perinatal and horizontal routes. To
accomplish this, a combination of vaccination starting at birth and 2 further doses,
coupled with a rapid catch-up program was aimed at children as well as adults. The
rationale for including adults was based on studies that showed that although children
were passing the infection through open cuts and scratches, a large component of
transmission in adults was sexual.26:31

The program began in 1980 with screening of pregnant women for HBsAg in the 2
largest hospitals serving Alaska Native (AN) persons in the state and administering HBIG
at birth, 1 month, and 3 months to infants born of HBsAg-positive mothers. In 1981 and
1982, a trial with plasma-derived vaccine (Heptavax) was conducted in 16 villages in
western Alaska in adults and children more than 6 months of ages and showed that this
vaccine was highly efficacious in preventing transmission.*® In 1984, funding was
obtained to start a statewide comprehensive program designed to completely eradicate
transmission of HBV in the AN population.
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Fig. 1.
Immunization coverage with third dose of HepB vaccines in infants, 2014. (From WHO/

UNICEF coverage estimates 2015 revision. Map production: Immunization Vaccines and
Biologicals, (IVB). Geneva: World Health Organization; 2015.)
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Fig. 2.
In?munization coverage with hepatitis B birth dose and third dose, western Pacific region,
1990 to 2013. (From World Health Organization. Hepatitis B control through immunization:
a reference guide. Geneva: WHO Press, 2014. Available at: http://www.who.int/
immunization/sage/meetings/2015/october/
8 WPRO_Hepatitis_B_Prevention_Through_Immunization_Regional_Reference_Guide.pdf

)
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Reported number of acute hepatitis B cases in the United States, 2000 to 2014. (From
Centers for Disease Control and Prevention. Viral hepatitis statistics and surveillance.
Surveillance for viral hepatitis—United States, 2013. Atlanta (GA): US Department of
Health and Human Services; 2015. Available at: http://www.cdc.gov/hepatitis/statistics/

2013surveillance/index.htm; with permission.)
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Fig. 4.

Mathematical model: age-specific hepatitis B—related cirrhosis (A) and HCC (B) mortality.

(From Goldstein ST, Zhou FJ, Hadler SC, et al. A mathematical model to

estimate global

hepatitis B disease burden and vaccination impact. Int J Epidemiol 2005;34:1329-39; with

permission.)
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Table 1

Typical schedule of hepatitis B (HepB) and pentavalent (diphtheria-tetanus-pertussis [DTP], Haemophilus
influenzae B [Hib], HepB) vaccination in the Western Pacific Region

Aged Vaccine

At birth (within 24 h)  HepB monovalent

6 wk DTP-HepB-Hibl
10 wk DTP-HepB-Hib2
14 wk DTP-HepB-Hib3

Although 3 doses are sufficient to induce immunity, for programmatic reasons most countries in the region use a combination vaccine, resulting in a
4-dose schedule.

a . . . . - . I .
Ages given are recommended as the earliest possible, but they are flexible. Immunization programs should emphasize vaccination at birth and
completing the hepatitis B series by 6 months of age.

Data from Hepatitis B control through immunization: a reference guide. Available at: http://www.who.int/immunization/sage/meetings/2015/
october/8_WPRO_Hepatitis_B_Prevention_Through_Immunization_Regional_Reference_Guide.pdf.
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