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The Challenges of Conquering 
Viral Hepatitis Beginning 
in Childhood: Introduction 
of the Rationale and Importance 
of Controlling Viral Hepatitis 
Starting from Children

Kathleen B. Schwarz

Abstract
The purpose of this first chapter is to take a 
more global view of the challenges of con-
quering viral hepatitis beginning in childhood, 
to analyze the problems from the viewpoint of 
the key players:  governments, the pharmaceu-
tical industry, third-party payors, physicians/
professional societies, and educators. The 
chapter will conclude with some suggestions 
for novel approaches to the major challenges 
of conquering viral hepatitis beginning in 
childhood.

1.1  Introduction

In consideration of the many challenges of con-
quering viral hepatitis globally, it is essential to 
start at the beginning of life. This is especially 
true for the two hepatitis viruses: hepatitis B 
virus (HBV) (which is sometimes complicated 
by co- or supra-infection with hepatitis D virus 
(HDV)) and hepatitis C virus (HCV). These 
viruses are usually characterized by chronic 
infection resulting in stigma and social isolation 
during childhood and the evolution of chronic 

liver disease, cirrhosis, need for liver transplanta-
tion, and/or hepatocellular carcinoma in adult-
hood. However on occasion infection with either 
virus may evolve so aggressively that end-stage 
liver disease and attendant consequences can 
occur in young children [1, 2]. In addition the 
importance of preventing acute hepatitis second-
ary to the two vaccine preventable RNA viruses 
(A and E) in children cannot be underestimated, 
both because of the associated morbidity and 
mortality and also because of the public health 
costs. Finally given that the number of cases of 
hepatitis C virus is increasing in young injection 
drug users [3], it is clear that there is a mandate 
for a safe and effective HCV vaccine.

The global disease burden of viral hepatitis is 
staggering. Unlike most communicable diseases 
which are actually declining, the rates of infec-
tions with hepatitis viruses and related morbidity 
and mortality are increasing. According to the 
Global Burden of Disease Study in 2013, between 
1990 and 2013, deaths from viral hepatitis in the 
world increased from 0.89 to 1.45  million. In 
2013, viral hepatitis was the seventh leading 
cause of death globally compared with tenth in 
1990 [4]. Figure 1.1 is a graphic representation of 
the viral hepatitis-related age-standardized mor-
tality rates by the various Global Burden of 
Disease regions of the world. According to this 
study, which uses country level and regional 
causes of death data to determine the various 
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underlying causes of liver cancer and cirrhosis 
deaths, chronic HBV and HCV infections are the 
leading causes of death from liver cancer and cir-
rhosis globally [4].

Although there is a safe and effective vaccine for 
hepatitis A virus (HAV), the World Health 
Organization estimates that the number of cases of 
acute HAV occurring worldwide increased from 
177  million in 1990 to 212  million in 2005 and 
deaths from HAV decreased from 30,283 in 1990 to 
30,245 in 2005. The age group 2–14 years was one 
of the groups with the highest increase [5]. Despite 
having made major progress in developing a safe 
and effective vaccine for HBV and having adminis-
tered >1  billion doses worldwide, the number of 
people infected with the virus is actually increasing, 
from 223 million in 1990 to 240 million in 2005 [6]. 
HBV affects an estimated 248 million people glob-
ally, and mortality rates are high [7]. For example, 
there were 786,000 deaths due to HBV in 2010 [8]. 
There are approximately 170 M people in the world 
infected with HCV including 11 M children [9]. In 
the United States alone, associated healthcare costs 
are very high. For example, in the United States in 
2011, total healthcare costs related to HCV infec-
tion were $6.5 billion and are expected to increase 

to $9.1B in 2024. Table 1.1 is a dramatic demonstra-
tion of the effect of age of infection on cost burden, 
with the lifetime costs of a child infected at 0–4 years 
of age being by far the highest, for example, over 
twice that of persons infected at age 40–44 years 
($51,610 for males and $67,880 for females) [10]. 
And finally hepatitis E is an emerging infection for 
which the healthcare costs have not yet been esti-
mated globally but are likely to be high because this 
virus is the most common cause of acute viral hepa-
titis worldwide. Case fatality rates are particularly 
high in pregnant females [11].

Thus if infants and children could be protected 
from infection by these four viruses by safe and 
effective vaccines and if safe and effective treat-
ments were broadly available for children unfor-
tunate enough to become infected with HBV and/
or HCV, the morbidity and mortality as well as 

Fig. 1.1 Map of viral hepatitis-related age-standardized 
mortality rate by Global Burden of Disease region. 
Overlaid pie charts indicate each virus type’s contribution 
to the total hepatitis-related mortality; the size of the pie 
charts are proportional to the region’s hepatitis-attribut-

able mortality rate. GBD=Global Burden of Disease 
(Reproduced with permission from Ref. [4])
Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional 
affiliations

Table 1.1 Lifetime cost by age, HCV infection, and gen-
der (in 2011 Dollars) 

Age (in years) Male Female
0–4 $116,600 $147,130
5–9 $105,950 $138,360
10–14 $94,810 $128,440
15–19 $83,430 $117,590

Reproduced with permission from Ref. [10]

K. B. Schwarz



3

the healthcare costs described above could be 
drastically reduced. In the ensuing 15 chapters of 
this book, the biological, virological, immuno-
logical, and pharmacological issues regarding 
each of these viral infections of children will be 
addressed in great detail.

1.2  The Role of Governments 
Including Global Health 
Organizations

In elaborating a national strategy for the preven-
tion and control of hepatitis B and C, the Institute 
of Medicine in the United States has identified the 
underlying factors that impede current efforts to 
prevent and control these diseases, including those 
in the area of governmental responsibilities [12]. 
These include a lack of knowledge about viral 
hepatitis among policy makers, particularly if 
there is insufficient understanding about the extent 
and seriousness of this public health problem, so 
inadequate public resources are being allocated to 
prevention, control, and surveillance programs.

There are inadequate disease surveillance 
systems for acute and chronic hepatitis virus 

infections and therefore underreporting; thus the 
full extent of the problem is unknown. This defi-
ciency was dramatically highlighted as far as it 
impacts the health of the young by a careful 
study by Delgado-Borrego et al. [13] who esti-
mated that from 2000 to 2009, only 12% of the 
children in the state of Florida who were esti-
mated to have HCV infection were identified as 
having positive anti-HCV tests. Furthermore, 
only 1.6% of those with positive tests were actu-
ally followed by a pediatric gastroenterologist. 
For the United States as a whole, she estimated 
that only 4.9% of the expected cases were identi-
fied. Figure 1.2 from her study demonstrates that 
for large areas of the United States, there were 
no reported cases, suggesting that no surveil-
lance was being done and/or that surveillance 
was grossly inadequate, given that the preva-
lence of HCV in children in the United States is 
0.2–0.4%, according to NHANES data [14].

Globally governments need to develop much 
more effective screening policies for identifica-
tion of individuals with infection with acute 
infections with hepatitis A virus (so as to improve 
HAV vaccine policies) and hepatitis E virus. Data 
regarding the prevalence and global disease bur-

Fig. 1.2 Percentage of expected cases of hepatitis C virus infection in children in the United States actually reported 
to health authorities. (Reproduced with permission from Ref. [13])
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den of HEV are needed in order to better evaluate 
the cost benefits of making an HEV vaccine 
available in countries other than China, which is 
currently the only country in the world with such 
a vaccine [15]. Governments need to develop 
more effective screening policies for chronic 
HBV and HCV infection particularly aimed at 
reaching high-risk individuals from endemic 
countries and mandating prenatal screening. 
However, individuals with the highest risk of 
chronic infection (incarcerated, homeless, immi-
grants, nursing home residents, and hospitalized 
persons) tend to be underrepresented in current 
prevalence figures leading to an underestimation 
of the true prevalence of chronic hepatitis B and 
C virus infection.

Governments and global health organizations 
need to understand the cost-effectiveness of sup-
porting better vaccine policies for effective 
administration of the HBV vaccine, including the 
birth dose [16]. In those countries where a high 
percentage of infants are born at home [17], gov-
ernments need to support the administration of 
nucleoside analogues for highly infectious moth-
ers in the third trimester of pregnancy or even 
during the entire pregnancy, a practice which has 
been shown to be safe and to decrease maternal- 
fetal transmission of HBV [18].

Governments need to direct public health dol-
lars to cover antiviral therapy for children as well 
as adults with chronic infection with HBV and/or 
HCV, and regulatory agencies need to be aware 
of the clear cost-effectiveness of approving anti-
viral treatments for use in young children and 
adolescents. The Institute of Medicine has recog-
nized that infected people often have inadequate 
access to testing, social support, and medical 
management services, and this pertains to young 
subjects as well as to vulnerable adults [12].

Finally policy makers need to be knowledge-
able about the importance of funding research in 
several areas:

 1. Antiviral treatments which will truly be effec-
tive in achieving at least a “functional cure” in 
subjects with hepatitis B  – probably a triple 
drug therapy – including (a) agents to elimi-
nate covalently closed circular HBV DNA 

(still a major challenge for molecular virolo-
gists) [19], (b) safe effective nucleoside ana-
logues to rapidly decrease the viral load (both 
entecavir [20] and tenofovir [21] have been 
shown to be safe and effective in the young), 
and (c) drugs which are capable of boosting 
the immune response to HBV (still a research 
challenge).

 2. A means of interrupting maternal-fetal trans-
mission of HCV.

 3. A safe and effective vaccine for HCV.
 4. A safe and effective vaccine for HEV.

In summary policy makers in governments 
and global health organizations have the opportu-
nity to make major progress in eliminating the 
staggering global burden of viral hepatitis by first 
becoming more knowledgeable about the prob-
lem, by promoting the development of effective 
surveillance programs, by developing and fund-
ing more effective vaccine programs for HAV 
and HBV vaccines, and by supporting antiviral 
treatments for children and adults with HBV and 
HCV, as well as directing research dollars to the 
four top priority areas enumerated above.

1.3  The Role 
of The Pharmaceutical 
Industry

It is clear that members of this industry are 
key  players in the challenge of conquering 
viral  hepatitis, from developing, testing, and 
manufacturing both vaccines and antiviral 
 therapies, bringing them to regulatory approval 
to making them broadly available and afford-
able. Major progress can only be made where 
there is effective collaboration between private 
and  public sectors. The 2016 conference on 
“HBV Treatment Endpoints Workshop: From 
Discovery to Regulatory Approval” sponsored 
by the American Association for the Study of 
Liver Disease, with thought leaders from aca-
demia, pharma, and the Food and Drug 
Administration, was a wonderful example of 
how such collaborations can lead to solutions. 
Approximately 30 new technologies to either 
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diagnose or treat hepatitis B were discussed, 
holding much promise for the future and 
improving mutual understanding between all 
parties involved.

In addition to the obvious imperative of devel-
oping safe and truly effective antiviral therapies 
for HBV, pharma can play a very positive role in 
funding investigations on the other priorities 
described above for government research: inter-
ruption of maternal-fetal transmission of HCV 
and developing safe and effective vaccines for 
HCV and HEV.

Pharma has been very generous in funding 
educational programs regarding the many chal-
lenges of caring for adults with chronic HBV 
and HCV. There is a growing recognition of the 
need to sponsor research in antiviral therapies 
for children with HBV and/or HCV and bring 
these therapies to regulatory approval. Pharma 
should also be strongly encouraged to fund 
educational programs which are specifically 
focused on pediatric issues related to viral 
hepatitis.

Finally pharmaceutical industries are 
strongly encouraged to reduce the cost of vac-
cines and antiviral drugs so as to make these 
affordable to all who need them, including our 
youngest subjects. It is clear that mass treat-
ment of the millions infected with HBV or 
HCV will require very low-cost drugs. The 
availability of low-cost antiviral drugs will be 
aided and abetted by expiration of patents. For 
example, Hill et al. [22] have reported on the 
feasibility of making low- cost entecavir avail-
able on a mass scale. The annual cost of ente-
cavir for the United States for an adult with 
HBV in 2015 when the patent expired was 
$15,111 for the brand drug and $6127 for the 
generic version. The global lowest price was 
$427. However the authors calculated that pro-
duction of the active pharmaceutical ingredient 
was only $4/year based on quotations of 
generic suppliers. Adding $20 per year for for-
mulation and packaging and a 50% profit mar-
gin, entecavir was estimated to cost a minimum 
of $36 per year, much lower than current origi-
nator and generic prices.

1.4  The Role of Third-Party 
Payors

Given that there is ample data on the cost- 
effectiveness of treating chronic HBV in adults, 
which can decrease liver disease and mortality 
and decrease the need for very expensive liver 
transplantation [23], third-party payors should 
avail themselves of this information because sup-
port of these treatments and the resulting health 
benefits will not only benefit the patients them-
selves but be cost-saving for the insurors as well. 
Likewise, there is ample published information 
about the cost-effectiveness of treating chronic 
HCV in adults, especially with the new highly 
safe and effective direct-acting antiviral agents 
[24], and third-party payors should become very 
familiar with these analyses. Although there are 
few published data of the cost-effectiveness of 
treating children with these chronic infections 
[25], it is predictable that early treatment of the 
young is likely to be highly cost-effective given 
the life span of the child as well as the fact that 
smaller quantities of drug are necessary for 
smaller individuals, given weight-based dosing.

1.5  The Role of Physicians 
and Professional Societies

The Institute of Medicine 2010 study examined 
underlying factors that impeded current efforts to 
prevent and control viral hepatitis and concluded 
that one of the major impediments was a lack of 
knowledge about viral hepatitis among primary 
care and social service providers [12]. Physicians 
and their professional societies need to develop 
educational programs to increase knowledge 
about whom to screen for HBV and HCV and 
how to do it. They need to educate patients who 
have been identified with these infections as to 
how to decrease disease transmission to family 
members and friends and how to best manage 
pregnant females with HBV or HCV and their 
offspring. Primary care physicians need to under-
stand the indications for treatment of children 
with HBV or HCV and when to refer to pediatric 
hepatologists for management of these  treatments, 
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which of course can be a collaboration between 
the specialist and primary care provider. Finally 
they need to develop better educational programs 
to overcome irrational vaccine phobias in their 
patients and families [26].

An excellent example of the need to educate 
primary care providers about the importance of 
screening high-risk individuals was the study by 
Chu and colleagues [27] who surveyed HBV 
screening practices and barriers to screening of 
217 Asian-American primary care providers 
(PCPs) who treat Asian adults living in the United 
States. This was a web-based survey of Asian- 
American PCPs with at least 25% Asian- 
American patients in their practice. Although 
95% of Asian-American PCPs report ever having 
screened a patient for HBV, 41% reported that 
≤25% of their Asian-American patients had ever 
been screened. The most important reasons 
reported for HBV screening in Asian-American 
patients were elevated liver enzymes, elevated 
liver function tests plus a family history of 
chronic hepatitis B or liver disease, and birth out-

side the United States. The most common rea-
sons for not screening for HBV were a (false) 
perception that the patient was not at risk, lack of 
symptoms of chronic hepatitis B or liver disease, 
HBV vaccination, prior screening, patient refusal, 
and lack of insurance. The question about HBV 
vaccination is interesting because families who 
have a child infected with HBV will frequently 
have the child vaccinated so as to be able to com-
plete the school form with that affirmation, even 
though they are aware that HBV vaccination is 
ineffective in infected individuals.

Figure 1.3 is a dramatic example of the gaps 
between the number of HBV-infected individuals 
in the United States, the number aware of their 
infection, the number referred for treatment, the 
number potentially eligible for care, the number 
actually entering care, and the number referred 
for treatment [28]. Much more aggressive strate-
gies by primary care physicians are needed to 
screen high-risk patients (those from countries 
where the HBV endemicity rate is 2% or higher 
and those who indulge in high-risk practices such 

Fig. 1.3 Gaps between the number of individuals in the United States estimated to have hepatitis B virus infection and 
those aware of their infection and actually receiving treatment. (Reproduced with permission from Ref. [28])
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as injection drug use), to educate their patients 
about the disease, and to refer appropriate indi-
viduals for treatment. Putting such strategies into 
place could drastically reduce these tragic gaps to 
care and treatment suffered by the majority of 
HBV-infected individuals.

1.6  The Role of Educators

Beginning with preschool age children, educa-
tors in public and private schools, as well as high- 
risk settings such as homeless shelters have a 
golden opportunity to educate children and ado-
lescents about ways to protect themselves from 
acquiring hepatitis B or C. A wonderful example 
of such tools is the clever coloring book: Olivia 
and Oliver, Meet Your Miraculous Liver [29], 
which educates young children about the func-
tions of the liver and how to keep their liver 
healthy. A prospective randomized controlled 
trial of a culturally appropriate HBV video vs a 
smoking prevention video shown to homeless 
youth and their families demonstrated a signifi-
cant positive impact of the HBV video, not only 
on HBV knowledge and acceptance of an HBV 
vaccine at time of the initial visit but, remarkably, 
increased return rates for the follow-up HBV 
vaccine [30].

Educators can also help improve the quality of 
life among children with viral hepatitis by edu-
cating their classmates on the low likelihood of 
horizontal transmission, thus helping to decrease 
the irrational stigma and discrimination suffered 
by so many with chronic viral hepatitis [31]. 
Finally educators are encouraged to be sensitive 
about the reduced health-related quality of life 
and depression suffered by children and youth 
(particularly adolescent males) with chronic 
HBV [32].

1.7  Innovative Solutions

A number of innovative strategies have recently 
been found to be promising. These fall into the 
categories of improving vaccine distribution and 
compliance, innovative screening techniques for 

HBV, new educational modules for pediatri-
cians, improving the safety of food and water 
 contamination with HAV and HBV as well as 
recommendations to base global responses to 
control of viral hepatitis by learning from the 
successful strategies applied to the HIV 
epidemic.

Some have suggested consideration of one 
dose of HAV vaccine in resource poor countries 
[33]. Lawler reported that government recom-
mendations improved HAV vaccine administra-
tion rates by 20%, and government mandates 
increased rates still further by an additional 8% 
[34]. Bundling of the HBV vaccine with other 
infant vaccines has recently been shown to have a 
dramatic positive impact on rates of administra-
tion of the HBV vaccine [35], and smartphone 
technology could be employed to increase vac-
cine compliance in underserved areas [36].

One of the difficulties in widespread screen-
ing is the problem of performing venipuncture 
in nontraditional settings such as health fairs. 
Venipuncture is particularly problematic in 
screening children for HBV and HCV given the 
need for parental consent and the need to 
employ phlebotomists. Finger-stick blood sam-
ples are much easier to obtain in young chil-
dren. Dried blood spot technology has been in 
place for HCV screening for several years and 
has been successfully employed in screening 
high-risk homeless children [37]. Recently 
dried blood spot technology has been devel-
oped for HBV as well [38]. Although this use-
ful technique is currently not FDA-approved, it 
is to be hoped that the FDA will take a positive 
view of this technique and escalate approval so 
it can be put into place in the United States as 
well as globally.

It is important to note the need for enlight-
ened food safety practices to decrease transmis-
sion of HAV and HEV. The same advice applies 
to the need to develop better techniques to elim-
inate viral pathogens such as HAV [39] and 
HEV [40] from sewage and repurposed water 
supply. Kobayashi et al. [41] tested the impact 
of a down- flow hanging sponge (DHS) reactor 
for treatment of municipal wastewater and 
health risks associated with utilization of the 

1 The Challenges of Conquering Viral Hepatitis Beginning in Childhood: Introduction of the Rationale…
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effluent for agricultural irrigation. The rates of 
contamination of the waste water with HAV and 
HEV were 11% or below, so they were unable to 
demonstrate high log-fold reduction of these 
two viruses. Nonetheless, for the most part the 
technique did drop the viral burden consider-
ably, and therefore the technique or a future 
improved version does hold promise for reduc-
tion of HAV and HEV by agricultural waters.

Table 1.2 outlines some very useful strategies 
which were successful in mounting a global 
response to the epidemic of HIV infection. The 
problems are strikingly similar to the challenges 
in conquering the global epidemic of viral hepa-
titis, including the needs for affordable drugs, to 
simplify international guidelines, to decentralize 
care strategies and involve patients and local 
healthcare workers, to develop deliverable goals 
and then to hold players responsible, and to 
develop effective financing [42].

1.8 Summary

It is true that the challenges of conquering viral 
hepatitis beginning in childhood are daunting, 
but by working together and staying focused on 
this laudable goal, the tools do exist to make 
major progress. Surely the children of the world 
deserve nothing less!
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Abstract
There are many similarities between the two 
human enterically transmitted hepatitis 
viruses, hepatitis A virus (HAV) and hepatitis 
E virus (HEV), in their epidemiology and the 
diseases they cause. However, important dif-
ferences exist as well (Table 2.1). Both viruses 
are small, positive sense, single-stranded RNA 
viruses that replicate in the liver, causing simi-
lar symptoms and resulting in similar histopa-
thology. Both viruses are non-enveloped when 
discharged from the liver into the biliary tree 
but also can be secreted into the bloodstream 
containing capsular material from the hepato-
cyte as a pseudomembrane. Both of these 
hepatitis viruses have been responsible for 
large epidemics and can be acquired from 
contaminated food. However, subclinical 
infection with HAV among infants and young 
children is very common especially in devel-
oping countries, but HEV infections typically 
occur as large waterborne epidemics in ado-
lescents and adults in developing countries. 
Infants and young children have much lower 
rates of infection during these epidemics. A 
characteristic feature of HEV epidemics is a 

mortality of 1% or less in the general popula-
tion but a mortality of 20% or higher among 
pregnant women. Sporadic infections from 
HEV occur among adults in industrialized 
countries from foodborne transmission. In 
contrast, clinically apparent hepatitis from 
HAV infections in developing countries is rare 
because of very high rates of subclinical infec-
tions among infants and young children result-
ing in high levels of immunity in the 
populations. Countries that have experienced 
the transition from low to higher levels of 
socioeconomic development have experi-
enced an increasing number of hepatitis cases 
from HAV due to declining population immu-
nity to the virus. The dynamic epidemiology 
of these two hepatitis viruses will be described 
in this chapter.

Keywords
Hepatitis A · Hepatitis E · Prevention · 
Vaccines · Viral hepatitis · Maternal mortality

B. L. Kmush 
Department of Public Health, Food Studies, and 
Nutrition, Falk College of Sport and Human 
Dynamics, Syracuse University, Syracuse, NY, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-0050-9_2&domain=pdf
mailto:knelson3@jhu.edu
mailto:kenelson@jhsph.edu


12

2.1  History and Discovery

Patients ill with jaundice have been reported 
throughout recorded history. Epidemics of jaun-
dice have frequently accompanied military cam-
paigns [1, 2]. However, the specific pathogens 
have been identified more recently. In 1909, 
McDonald suggested the hypothesis that a virus 
caused hepatitis, when he failed to implicate 
enteric bacteria as the cause [3]. In a study of an 
outbreak in 1930, Findlay and colleagues sug-

gested that hepatitis was caused by a viral infec-
tion that was pathogenic only to humans [4]. 
Human transmission experiments were done in 
1942 that documented that infection could occur 
after fecal-oral challenge. Studies in the 1960s 
found that the infection had an incubation period 
between 15 and 49 days and could be transmitted 
both by oral and parenteral routes [5, 6]. These 
studies also suggested that immunity after infec-
tion was long lasting and infectivity could be pre-
vented with administration of immune serum 
globulin. In the 1960s, Krugman and colleagues 
documented that two hepatitis viral infections 
occurred in children at the Willowbrook State 
School in New York [6]. One had an incubation 
period of 15–50 days, and the other had an incu-
bation period of 50–160 days. Subsequently, pris-
oners in Joliet, Illinois, were challenged orally 
with samples from the short incubation period- 
patients. Feinstone and colleagues studied filtered 
stools using immune electron microscopy (IEM). 
After convalescent serum was added to the fil-
tered samples, they identified viral particles of 
hepatitis A virus [7]. A large waterborne epidemic 
involving nearly 30,000 persons occurred in 
Delhi, India, in December 1955–January 1956 
[8]. Although it was believed that this was another 
epidemic caused by the enterically transmitted 
hepatitis agent, several unusual features chal-
lenged this hypothesis. First, the epidemic primar-
ily involved adults but spared children. Second, 
the epidemic ended quickly with little or no sec-
ondary spread within households. Third, high 
mortality rates occurred among pregnant women. 
The overall mortality was under 1%, but it was 
over 20% among pregnant women. After the HAV 
was isolated, diagnostic reagents were developed. 
Samples stored from the Delhi outbreak tested 
negative for HAV. Nearly a decade later, Balayan 
studied a hepatitis outbreak in Afghanistan with 
similar features to the earlier Delhi outbreak. 
After filtering fecal samples from several jaun-
diced patients, he ingested the filtrate [9]. After 
30 days, he developed symptoms of acute hepati-
tis. He found clumped HEV viral particles in his 
stool after it was mixed with convalescent sera 
from the Afghanistan patients and visualized by 
electron microscopy. The virus was subsequently 
sequenced and found to infect rhesus monkeys.

Table 2.1 Comparative features of hepatitis A and E 
virus

Hepatitis A Hepatitis E
Virus family Picornaviridae Hepeviridae
Nucleic acid Positive strand 

RNA
Positive strand 
RNA

Genomic size 7.5 kb 7.5 kb
Transmission Person-to- 

person, 
fecal-oral, 
foodborne, 
blood

Fecal-oral, 
foodborne, blood

Incubation 2–5 weeks 3–7 weeks
Chronicity None Uncommon 

except in 
immune- 
compromised 
patients 
(transplant 
recipients, AIDS 
patients, etc.)

Reservoirs Humans only Gt. 1 and 2: 
humans
Gt. 3 and 4: 
humans, swine, 
deer, mongoose, 
and other animals

Mortality 1–2% 1–2% in general 
population
15–30% in 
pregnant women

Infection in 
young 
children

Very common Rare

Subclinical 
infections in 
adults

Rare: 75–90% 
symptomatic

Common: 1–5% 
symptomatic

Severity of 
disease

Increases with 
age

Increases with age

Vaccine 
availability

Yes Only in China

IGG 
protective

Yes Not demonstrated
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2.2  Virus Replication 
and Classification

2.2.1  Hepatitis A Virus

The hepatitis A virus is a positive sense, single- 
stranded, non-enveloped RNA virus in the 
Picornaviridae family. The RNA is 7.5  KB in 
length with a 5′ noncoding region, a single open 
reading frame coding a polyprotein, and a 3′ 
noncoding region. There are four genotypes that 
infect humans and three genotypes that infect 
only nonhuman primates but only one serotype. 
Infection with any of the genotypes causes simi-
lar symptoms [10]. However, the genotypes and 
sequences are sometimes useful as epidemio-
logic markers to trace the origin of an HAV 
strain associated with an outbreak. The virus 
replicates in gastrointestinal epithelial cells and 
hepatocytes. The viral genome is replicated 
using a negative sense strand intermediate. Oral 
challenge of monkeys with HAV is followed in 
a few days by detection of HAV antigen and 
negative strand viral genome in the lamina pro-
pria of cells in the small intestine [11]. This is 
followed by Kupffer cell positivity at 14  days 
and hepatic cell infection at 21  days. Viremia 
persists for 20–30  days after the incubation 
period of 15–45 days. The viremia declines with 
elevation of alanine aminotransferase (ALT) 
and other liver enzymes. Although HAV is not 
directly cytopathic, the virus can persist in the 
liver for 35–48  weeks after infection, because 
the type I interferon response to HAV infection 
is limited [12]. About 10% of patients have 
relapsing infection from HAV in the 6 months 
after the initial infection resolves [13]. This may 
be due in part to replication of virus remaining 
in the liver or to reinfection of the liver from 
virus in the bile that infects intestinal epithelial 
cells [12, 14]. These viruses complex with anti-
body and return to the liver as immune-com-
plexed virus with IgA, which infects hepatocytes 
via the asialoglycoprotein receptor [14]. 
Although relapses from HAV occur, chronic 
hepatitis has not been reported.

Viruses contain the RNA genome, the VPg 
protein, and a capsid of the coat proteins VP1, 
VP2, and VP3 with icosahedral symmetry. The 
viral particles are released into the bile canaliculi 
and the blood. The viruses released into the bile 
do not contain an envelope. However, the viruses 
released into the blood contain portions of the 
liver cell membrane and are relatively more resis-
tant to neutralizing antibodies [15].

2.2.2  Hepatitis E Virus

Hepatitis E viruses have been classified in the fam-
ily Hepeviridae. These viruses are non- enveloped 
single-stranded RNA viruses. They are 7.2 kilo-
bases in length with three open reading frames. 
Open reading frame (ORF)-1 codes for several 
enzymes for virus assembly, including a methyl 
transferase, cysteine protease, RNA helicase, and 
a RNA-dependent polymerase [16]. ORF-2 
encodes the viral capsid. ORF-3 encodes several 
viral proteins and others that are used for viral exit 
from the hepatocyte [17]. The viruses replicate in 
hepatocytes and are released into the bile canalic-
uli. Some viral particles are also released into the 
sinusoidal bloodstream containing components of 
the hepatocyte as an envelope [18].

Five genotypes of HEV commonly infect 
humans, but there is only one serotype. Genotypes 
1 and 2 only infect humans and are generally 
transmitted by fecally contaminated water. 
Genotype 3 and 4 strains have a zoonotic reser-
voir in swine, wild boar, deer, rabbits, and other 
animals [16]. Genotype 7 strains have been 
described recently with a reservoir in camels 
[19]. The animals harboring HEV genotype 3 and 
4 strains have expanded in recent years to include 
goats, yak, moose, and cattle [20, 21].

Viruses in the Hepeviridae family have been 
isolated from a wide range of animals, in addi-
tion to those that infect humans. This informa-
tion has resulted in a consensus classification of 
this family of viruses being published in 2014 
[22]. This classification assigns the viruses into 
two genera, Orthohepevirus, including all mam-
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malian and avian viruses, and Piscihepevirus, 
consisting of cutthroat trout virus. Species within 
the genus Orthohepevirus include 
Orthohepevirus A through Orthohepevirus D. 
Orthohepevirus A contains isolates from humans, 
pigs, wild boar, deer, mongoose, rabbit, and 
camels. Orthohepevirus B isolates include 
chicken and avian strains. Orthohepevirus C iso-
lates include those from rats, bandicoots, shrew, 
ferret, and mink. Orthohepevirus D includes 
viruses from bats.

2.3  Global Epidemiology

The clinical features of HAV and HEV infections 
have many similarities. Infections with either 
virus are commonly clinically silent. However, 
asymptomatic persons infected with HAV are the 
critically important reservoir for spread within 
the population. The clinical and diagnostic issues 
of these two hepatitis viral infections are 
described in detail in other chapters of this book. 
The low infection rates among infants and young 
children with HEV infection contrast strikingly 
with the very high rates of HAV infections in this 
age group. In addition, the occurrence of chronic 
HEV infection among immune-compromised 
populations and the high mortality of pregnant 
women when infected with this virus provide 
marked contrasts to HAV infections.

2.3.1  Hepatitis A Virus

HAV infections are readily transmitted from per-
son to person by fecal-oral exposures directly 
from fomites or contaminated food or water. The 
virus can also be transmitted by parenteral expo-
sure to viremic carriers from injections or 
transfusions.

2.3.1.1  Global Prevalence
Hepatitis A infections are the most common 
cause of viral hepatitis globally. In developing 
countries with poor sanitation and hygiene, most 
infections occur among young children and are 
asymptomatic. Nearly 100% of the population 

has antibodies to HAV by 9  years of age, and 
clinical hepatitis among older children and adults 
is rare [23]. However, symptomatic hepatitis A 
among visitors from endemic areas is common. 
In areas with intermediate endemicity, clinical 
infections occur more commonly among older 
children and adults when 75–90% of infections 
are symptomatic [24]. In the United States, 
Western Europe, Australia, and a few other coun-
tries, the endemicity is low; these areas may 
experience isolated or community-wide food-
borne outbreaks in adults and clinical hepatitis in 
high-risk populations, such as day-care center 
employees or families, injection drug users, men 
who have sex with men, or travelers to high 
endemic areas (Fig. 2.1).

Prior to the licensure and utilization of HA 
vaccines in the United States, the incidence of 
reported infection had cyclical peaks about every 
10 years [25] (Fig. 2.2). There was regional varia-
tion in incidence with higher rates in Native 
Americans, Hispanics, and African Americans 
than Caucasians. In the 1988–1994 National 
Health and Nutritional Evaluation Survey in the 
United States, prior to the licensure of HAV vac-
cines, about a third of the population was anti-
body positive [25].

2.3.1.2  Modes of Transmission

Person to Person
HAV is commonly transmitted by person-to- 
person contact. Infants and young children are 
frequently the source in households, day-care 
centers, and hospitals because they are frequently 
asymptomatic and often have poor hygiene [26]. 
They often excrete the virus in their stool for lon-
ger periods and can contaminate the environ-
ment. The virus is resistant to heat and many 
chemicals and can retain infectivity on fomites.

Food- and Waterborne Transmission
Foodborne transmission is less common in the 
United States and Europe. However, large out-
breaks occur periodically. An outbreak associ-
ated with contaminated pomegranate arils, which 
were imported into the United States from Turkey 
and infected 105 patients in 10 states, was 
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Fig. 2.1 Geographic distribution of hepatitis A endemic-
ity, 2005* [39]
*For multiple countries, estimates of prevalence of antibody 
to hepatitis A virus (anti-HAV), a marker of previous 
HAV infection, are based on limited data and might not 
reflect current prevalence. In addition, anti-HAV prevalence 
might vary within countries by subpopulation and locality. 

As used on this map, the terms “high,” “medium,” and “low” 
endemicity reflect available evidence of how widespread 
infection is within each country rather than precise quantita-
tive assessments. https://www.cdc.gov/mmwr/about.html
Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional 
affiliations

Fig. 2.2 Incidence* of reported acute hepatitis A cases – 
National Notifiable Diseases Surveillance System, United 
States, 1966–2013 [66]
*Rate per 100,000 population. Rate (number of cases) in 
1971 (peak), 1996 (First Advisory Committee on 

Immunization Practice (ACIP) recommendation for hepa-
titis A vaccination), and 2011 (low) were 28.9 (59,606 
cases), 11.7 (31,032 cases), and 0.4 (1.398 cases), respec-
tively. https://www.cdc.gov/mmwr/about.html
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reported in 2014 [27]. Other outbreaks involving 
contaminated green onions, frozen strawberries, 
oysters, sundried tomatoes, and other uncooked 
foods have been reported recently [28–33]. The 
source of the contamination is sometimes diffi-
cult to trace. It can include contaminated irriga-
tion water, fertilizer, or infected agricultural 
workers or food handlers. Waterborne outbreaks 
are rare in developed countries but have been 
reported. An outbreak associated with infection 
from a public swimming pool at a camp in 
Louisiana was reported in 1992 [34].

Blood-Borne Transmission
Transmission of HAV by transfusion of blood 
products is rare in developed countries but has 
been reported [35]. Factor VIII or IX or pooled 
plasma concentrates that have been prepared 
from multiple donors have been reported to trans-
mit HAV [36, 37]. The virus is resistant to sol-
vent/detergent treatment.

Vertical Transmission
Vertical transmission has been reported rarely. 
One infant who acquired HAV from his mother 
was reported to be the source of an outbreak 
among hospital staff [38].

2.3.1.3  HAV Infections in Selected 
Populations

Child Care Centers, Schools, 
and Institutions

Outbreaks of HA among children, staff, and fam-
ily members associated with day-care centers 
were reported in the 1970s and continue to occur, 
although less frequently. An outbreak was 
reported from Maricopa County, Arizona, in 
1978 of an increasing number of acute hepatitis 
cases [26]. During a 10-month period, 398 (40%) 
of 1008 reported cases occurred in children, staff, 
or family members of children attending day- 
care centers. Typically, an infant in diapers who 
was asymptomatic would be the source case for a 
cluster of symptomatic hepatitis cases in the 
household or staff of the center. After this  
epidemiology was recognized, CDC developed 

guidelines to control day-care center outbreaks. 
If a day-care center employee or child develops 
hepatitis and is anti-HAV IgM positive, all day-
care center children, employees, and family 
members are given hepatitis A vaccine (except 
for infants <12 months of age who should receive 
immunoglobulin). The same procedure is  
followed if two family members of a child  
attending a day-care center experience hepatitis 
A.  Implementation of this strategy has substan-
tially reduced the numbers of cases reported to be 
associated with day- care centers [39].

International Travelers
Hepatitis A is common among travelers from 
industrialized countries to high endemic coun-
tries. For this reason, HAV vaccine is recom-
mended to protect travelers. Among American 
and European travelers, who have visited high 
endemic countries, the risk has been estimated to 
be 5 per 2000 person-months, which is similar to 
the risk of malaria acquisition [40, 41].

Illicit Drug Users
Outbreaks of HA have been reported in recent 
years among illicit drug users in the United 
States, Europe, and Australia. The anti-HAV IgG 
seroprevalence is higher among injection drug 
users than the general population. Transmission 
of HAV among drug users may include parenteral 
and fecal-oral routes [42–46]. In the last year, a 
large continuing outbreak of HAV has occurred 
among homeless persons in California. The out-
break, which started in San Diego in 2016, has 
resulted in more than 649 infections with 417 
hospitalizations and 21 deaths to date [47]. This 
large outbreak illustrates the great potential for 
HAV to result in substantial morbidity and 
 mortality when it spreads in a highly susceptible 
adult population living in unsanitary, crowded 
conditions.

Men Who Have Sex with Men (MSM)
Outbreaks of hepatitis A have been reported 
among MSM in the United States, Canada, 
Europe and Australia. MSM are an important, 
recently recognized risk group for HAV [48–52].
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Occupation and Other Risk Groups
Health-care workers are frequently exposed to 
patients with acute hepatitis A.  However, the 
virus levels in the stool of such patients may 
decline after they develop jaundice. However, 
health-care workers may also be exposed to 
patients with unapparent infections who are 
excreting virus. Exposure is likely frequent 
among nurses and other health-care workers on 
pediatric wards. Transmission of hepatitis A has 
been reported among pediatric ward employees 
[38, 39]. Since hepatitis A virus is excreted in the 
feces, pediatric health-care workers are exposed 
to blood and feces that might contain HAV.

Another population at risk of infection has 
been recognized recently. These are families who 
have adopted infants and children from interna-
tional sites where HAV is highly endemic. A 
recent study reported 27 cases of acute hepatitis 
A among family members who adopted children 
from international sites [53]. A study in three 
international adoption clinics reported that 1–6% 
of adopted children were anti-HAV IgM positive. 
Recently, the ACIP has recommended that all 
household members and regular babysitters of 
newly arrived international adopted children 
should receive HAV vaccine [54, 55].

2.3.1.4  Prevention of Hepatitis A
Good hand hygiene among food handlers, cooks, 
kitchen workers, and agricultural employees is 
critical for the prevention of HA.  In addition, 
transmission can be prevented with prophylaxis 
with either immune globulin or HAV vaccine.

Passive Prophylaxis
Immune globulin (Ig) is a sterile preparation 
from pooled human plasma that has been pro-
duced by cold ethanol fractionation [25]. Because 
of the high population seroprevalence of anti- 
HAV IgG, immune globulin pools contain pro-
tective antibodies. All components of the pool 
have tested negative for HBsAG, antibodies to 
HIV and HCV, and mini-pools were tested for 
HIV and HCV RNA by PCR amplification. A 
recent study of nine intramuscular Ig prepara-
tions found only two to have anti-HAV IgG 
potency greater than 100  IU/ml, which is the 

potency necessary for effective passive prophy-
laxis to prevent HAV [56]. Because the level of 
antibody to HAV in Ig preparations had decreased 
in recent years, the ACIP has recommended 
updated dosing instructions for Immune Globulin 
(Human) GamaSTAN S/D (the preparation avail-
able in the United States) to prevent hepatitis A 
[57]. The current recommended dosages of Ig 
(GamaSTAN S/D) for pre-exposure prophylaxis 
for persons who plan to travel to areas with high 
or intermediate HA endemicity are: up to 1 month 
of travel  =  0.1  ml/kg body weight; up to 
2 months = 0.2 ml/kg body weight; and longer 
than 2 months = repeat dose of 0.2 ml/kg every 
2 months [57].

This is a change from the ACIP recommenda-
tions prior to September 2017 of 0.02  ml/kg 
body weight for 1–2  months prophylaxis and 
0.06 ml/kg body weight for 3–5 months prophy-
laxis [39]. This larger dose recommendation 
tends to render the use of ISG for prophylaxis of 
HAV for travel impractical, since a 70 kg adult 
would need to be given 7.0  ml of ISG by IM 
injections. A preparation of high-dose HAV Ig 
(similar to HBiG) is needed but not yet available. 
Ig does not interfere with the immunogenicity of 
oral polio or yellow fever vaccine. However, Ig 
does interfere with the immune response of sev-
eral live vaccines, including measles, mumps, 
rubella, and varicella vaccines [39]. Therefore, 
Ig should not be given with these vaccines or 
2 weeks or less after MMR [39].

Hepatitis A Vaccine
After the epidemiology and clinical conse-
quences of HAV became better understood, 
research to develop a vaccine commenced. 
Eventually, three inactivated vaccines were 
developed, shown to be highly effective and 
licensed. In a double-blind clinical trial in 
Thailand involving about 40,000 children who 
were 1–16  years of age and had high expo-
sures to hepatitis A, an inactivated HAV vac-
cine (HAVRIX) was found to be 94% effective, 
safe, and well tolerated when given in 2 doses 
1  month apart [58]. Another formalin-inacti-
vated whole cell vaccine (VAQTA) was stud-
ied in approximately 1000 children in a 
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community in New York with a high incidence 
of HAV and found 100% effective, immuno-
genic, and safe [59].

There are three inactivated HA vaccines  
available in the United States. Two are single 
antigen vaccines, HAVRIX, manufactured by 
GlaxoSmithKline, and VAQTA, manufactured by 
Merck & Co. The third vaccine, TWINRIX, is a 
bivalent vaccine containing both HAV and HBV 
antigens manufactured by GlaxoSmithKline. 
TWINRIX contains only half the antigen content 
of HAVRIX. These vaccines contain HAV anti-
gens from viruses grown in cell culture, purified 
and inactivated with formalin exposure and 
absorbed to aluminum hydroxide [39]. They 
should be stored at 2–8  °C but not frozen. 
However, they maintain immunogenicity when 
stored at 37 °C. Both VAQTA and HAVRIX are 
available in two formulations, a lower dose for 
administration to persons 12 months to 18 years 
of age and a higher dose for persons over 18 years 
of age. The vaccines are licensed to be given in a 
two dose schedule, with the second dose admin-
istered 12–18  months after the first dose [39]. 
However, the antibody response after the first 
dose is usually quite good in a person with normal 
immune function [60]. The vaccines have reduced 
immunogenicity in AIDS patients with CD4+ 
cell counts below 200 cells/mm3 and other immu-
nocompromised conditions [39, 54, 61]. The lev-
els of antibodies attained after natural infection 
are higher than after vaccine [62]. So testing for a 
postvaccination antibody response is not gener-
ally recommended.

In the United States, it is currently recom-
mended by the CDC that all children receive HA 
vaccine at 1  year of age and a second dose at 
12–18 months [39]. Either vaccine or Ig can be 
administered for postexposure prophylaxis [39]. 
A clinical trial was conducted among 1090 per-
sons 2–40 years of age who were susceptible to 
HAV and had household or day-care center con-
tact with a case of hepatitis A.  The trial was 
designed as a non-inferiority trial. Symptomatic 
hepatitis A occurred in 25 (4.4%) of 565 recipi-
ents of hepatitis A vaccine and 17 (3.3%) of 522 

recipients of Ig for a relative risk of 1.35 (95%CI: 
0.70–2.67) [63]. The conclusion was that the 
HAV vaccine met the non-inferiority criterion 
when administered within 14  days of exposure. 
When prophylaxis can only be administered 
14  days or more after exposure, Ig should be 
given. The advantages of HAV vaccine over Ig are 
that it induces active immunity with long- term 
protection and greater ease of administration. In 
persons with a household exposure, a secondary 
attack rate of 15–30% has been reported in the 
absence of prophylaxis [64]. The ACIP reviewed 
the data from the trial and recommended that a 
person exposed to HA should receive either a sin-
gle antigen vaccine, within 14 days of exposure, 
or Ig at 0.02 ml/kg as soon as possible after expo-
sure [55]. Persons over 40 years of age or infants 
should receive Ig because they have poor or absent 
responses to vaccine [55].

After these vaccines were licensed, the 
Advisory Committee on Immunization Practices 
(ACIP) of the US CDC made a series of recom-
mendations, starting in 1996, when they recom-
mended immunizing persons at high risk, such 
as travelers to high endemic areas, household 
contacts of a case, and medical personnel [25]. 
In 1999, the ACIP recommended immunizing 
children at age 2  years or older who lived in 
communities reporting an HAV incidence greater 
than 2 times the national average, i.e., over 20 
cases per 100,000 population [25, 65]. In 2006, 
ACIP recommended immunizing all children at 
1  year of age. In addition, they recommended 
vaccinating older children and adults at high risk 
of HAV infections, such as patients with chronic 
liver disease [39]. As a result of the implementa-
tion of these recommendations, focused primar-
ily on immunizing children, there was a dramatic 
decline in the reported cases in all age groups 
(Fig.  2.3). The incidence declined from 17.7 
cases per 100,000 population in 1996 to 0.4 
cases per 100,000  in 2011 (Fig.  2.4) [66]. 
However, the remaining cases that were reported 
were more severe clinically, because selective 
immunization of high-risk adults was more dif-
ficult to implement [60].
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Global Issues in Hepatitis A Prevention
Several countries have experienced an increase in 
the reported cases of clinical hepatitis after 
improvement in sanitation and hygiene delayed 
the onset of infection to older ages, when most 

infections are symptomatic. Jacobsen and 
Koopman studied data on the age-related HAV 
seroprevalence in relation to the water quality 
index assessed by the United Nations and the 
Human Development Index (HDI) as a measure 
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of the standard of living in 159 countries [24]. 
They found that several countries, especially in 
Asia and South America, have experienced a 
transition from high to intermediate endemicity. 
These countries have experienced an increase in 
the rate of acute hepatitis and hospitalization 
from hepatitis. The public health dilemma faced 
by these countries is whether to include HAV 
vaccine in the routine childhood vaccination 
schedule. The WHO Scientific Advisory Group 
of Experts (SAGE) has recommended including 
HAV vaccine in the routine immunization sched-
ules of transitional countries based upon a review 
of the incidence and morbidity of HAV and the 
cost-benefit of routine immunization [67]. A few 
countries have adopted routine immunization of 
children, including Israel and Argentina [68].

2.3.2  Hepatitis E Virus

2.3.2.1  Global Prevalence
Although these viruses cause infections in most 
countries as evidenced by seroprevalence data, 
the individual genotypes are somewhat restricted 
in their geographic distribution (Table  2.2). 
Genotype 1 viruses are endemic in Southern 
Asia, especially in the Indian subcontinent, and 
Africa, but they are not present in Europe or 
North America. Genotype 2 viruses have caused 
outbreaks only in Mexico and West Africa. 
Genotype 3 strains are endemic in Europe, North 
and South America, Central and Southern Japan, 

and Australia. Genotype 4 strains are found in 
China, Northern Japan, and India. Genotype 7 
strains have been detected in camels and a camel 
owner in the Arabian Peninsula.

Seroprevalence data from various global pop-
ulations indicate that HEV infections are com-
mon in every country where studies have been 
done (Fig. 2.5). However, it is difficult to com-
pare the data from the different studies because 
serologic assays with differing sensitivity and 
specificity have been employed. Most studies 
from areas where genotypes 1 or 2 viruses are 
endemic have found seroprevalence below 5% in 
children under 10 years of age, which increases 
and peaks in the second and third decades of life 
(Figs. 2.6 and 2.7). Some studies have found men 
to have higher seroprevalence than women. 
Studies have differed concerning whether 
 seroprevalence is higher in rural or urban popula-
tions. A study in South Africa reported 15.3% 
seroprevalence among rural residents and 6.6% 
among urban residents. However, in Bangladesh 
and India, the seroprevalence was higher among 
urban than rural residents. Outbreaks in rural 
areas may occur because of more localized con-
tamination of the water supply.

2.3.2.2  Modes of Transmission

Waterborne Transmission
Epidemics of waterborne hepatitis from HEV are 
frequent during and after monsoon rains in the 
Indian subcontinent and South Asia. In addition, 

Table 2.2 Epidemiological characteristics and genotype distribution of hepatitis E viruses that infect humans

Characteristics Genotype 1 Genotype 2 Genotype 3 Genotype 4
Geographic location Africa and Asia Mexico, West 

Africa
Developed countries China, Taiwan, 

Japan
Transmission route Waterborne fecal-oral 

person-to-person
Waterborne 
fecal-oral

Foodborne Foodborne

Groups at high risk for 
infection

Young adults Young adults Older adults (>40 years) 
and males

Young adults

Immunocompromised 
persons

Zoonotic transmission No No Yes Yes
Chronic infection No No Yes No
Occurrence of 
outbreaks

Common Smaller-scale 
outbreaks

Uncommon Uncommon

From Centers for Disease Control and Prevention
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Fig. 2.5 Global distribution and levels of endemicity of 
hepatitis E virus (HEV). (From Centers for Disease 
Control and Prevention)

Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional 
affiliations

Fig. 2.6 Estimated 
seroprevalence of 
hepatitis E virus by age 
and global burden of 
disease region in 2005. 
(Reproduced with 
permission from Ref. 
[71])
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large outbreaks have been reported from sub- 
Saharan Africa in refugee populations when 
clean water is unavailable [69, 70]. These recur-
ring epidemics commonly include thousands of 
cases and are associated with an overall mortality 
of about 1% but 10–25% mortality in pregnant 
women (Table 2.3). Pregnant women account for 
about a third of the overall mortality during these 
waterborne epidemics. Investigators from the 
World Health Organization estimated that HEV 
genotypes 1 and 2 caused 20.1 million symptom-
atic cases, 70,000 deaths, and 3000 stillbirths 
each year [71]. Verbal autopsy studies of general 
community populations of fatalities among preg-
nant women in Bangladesh have suggested that 
9–20% of maternal mortality might be associated 
with HEV infection [72, 73].

An historical review of reported epidemics of 
jaundice with increased mortality among preg-
nant women suggests that waterborne outbreaks 
of HEV have occurred repeatedly since the late 
eighteenth century, at least [74]. These outbreaks 
involved populations in Western Europe as well 

as America but have been localized to South 
Asia and Africa during the most recent several 
decades.

A study from Dhaka, Bangladesh, found that 
sporadic cases of HEV infection were common in 
addition to large outbreaks [75]. Contaminated 
coastal water is an important source of accumula-
tion of virus in shellfish. In addition, the use of 
river water for drinking or food preparation is 
common in some populations that could be respon-
sible for endemic transmission of HEV [76].

Person to Person
Direct person-to-person transmission of HEV is 
unusual but does occur. In the large outbreak in 
Delhi in 1955 that included over 29,000 persons 
with acute hepatitis, there were few (if any) sec-
ondary cases and the outbreak ceased after 
2  months. In contrast, another outbreak in 
Kitgum, Uganda, which lasted for over a year, 
had epidemiologic features characteristic of sub-
stantial person-to-person transmission [77]. In 
this outbreak, most cases occurred secondary to 

Fig. 2.7 Estimated 
incidence of hepatitis E 
virus by age and global 
burden of disease region 
in 2005. (Reproduced 
with permission from 
Ref. [71])
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an index case in the household. There was also a 
high rate of infection in children under age 
5 years, in marked contrast to most waterborne 
epidemics of HEV [78]. Epidemiologic data from 
Egypt indicate a high seroprevalence of IgG anti-
bodies in young children, which is compatible 
with there being a high rate of person-to-person 
transmission, similar to hepatitis A virus [79]. 
Despite these unusual reports, most studies have 
found a low prevalence of HEV in young chil-
dren and limited evidence of person-to-person 
transmission of HEV [80].

Foodborne Transmission
There is considerable evidence that the major 
means of transmission of genotypes 3 and 4 HEV 
in developed countries is through the consump-
tion of contaminated food [16]. Nevertheless, it is 
often difficult to detect the specific food respon-
sible for an infection of an individual patient 
because the incubation period is fairly long and 

the majority of infections are subclinical. 
However, several outbreaks have been reported 
where the food source was identified.

An early report from Japan concerned a per-
son who developed acute hepatitis E after con-
suming sushi prepared from a Sitka deer he had 
hunted [81]. The virus from the sushi was identi-
cal to the virus isolated from him and his friend 
who had eaten the sushi [82]. In southern France, 
seven persons developed acute hepatitis E geno-
type 3 after consuming a sausage, figatellu, pre-
pared from uncooked pig liver at two wedding 
parties [83]. Studies of the sausage identified 
HEV genotype 3 RNA identical to that recovered 
from the wedding guests. An outbreak in Australia 
involved 24 persons who developed acute hepati-
tis E after consuming pork liver pate [84]. An 
outbreak of 33 patients with acute hepatitis E was 
reported among the passengers on a worldwide 
ocean cruise [85]. This outbreak was associated 
with the consumption of raw shellfish.

Table 2.3 Morbidity and mortality from selected waterborne hepatitis E virus epidemics

Site Years Cases Deaths: total Deaths: pregnant women
Delhi, India 1954–1955 29,300 266 102
Bosnia, Yugoslavia 1964 4984 98 82
Kathmandu, Nepal 1973 10,000 118 30
Kashmir, India 1978–1979 20,000 600 436
Xinjiang, China 1986–1988 119,280 705 51
Shebeli, Somalia 1988–1989 11,413 346 48
Maharashtra, India 1989–1990 3580 50 32
Kanpur, India 1991 70,000 48 13
Islamabad, Pakistan 1993–1994 3458 8 4
Darfur, Sudan 2004 2621 45 19
Kitgum, Uganda 2007–2009 4789 72 13
Nellore, Andhra Pradesh, India 2008–2009 23,915 315 Unknown
Dhaka, Bangladesh 2008–2009 4751 18 4
Rajshahi, Bangladesh 2010 2162 12 3
Ichalkaranji/Kolhapur, Maharashtra, India 2012 5165 36 5
Refugee Camps, Upper Nile, South Sudan 2012–2013 10,055 214 22
Biratnagar, Morang, Nepal 2014 7000 17 2
Raipur, Chhattisgarh, India 2014 5000 31 12
Napak, Karamoja, Uganda 2013–2014 1498 32 18
Sambalpur, Odisha, India 2014–2015 3000 50 2
Refugee Camps, Gambella, Ethiopia 2014–2015 1117 21 2
Shimla/Solan, Himachal Pradesh, India 2015–2016 5000–10,000 22 3
Beria, South Sudan 2015–2016 2475 21 Unknown

Reproduced with permission from Ref. [146]
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Research in several countries has identified 
HEV RNA in commonly eaten foods. The most 
important reservoir for HEV globally is swine. 
Studies of pig feces in many countries have 
detected HEV RNA in a high proportion of ani-
mals, especially among 2–4-month-old ani-
mals. The infected pigs typically have viremia 
for 2–3 weeks but shed virus in their feces for 
3–7  weeks [86]. In Europe and the United 
States, HEV genotype 3 strains are common. In 
China, pigs commonly excrete genotype 4 
HEV in their feces [87]. Studies of pig liver for 
sale in grocery stores have detected HEV RNA 
in 6–11% of samples [88]. This finding has 
been replicated in European countries and 
China [87, 89, 90]. A study in Canada detected 
HEV genotype 3 RNA in strawberries that had 
been irrigated with water contaminated with 
pig manure from a neighboring farm [91]. 
HEV RNA has been detected in raw oysters 
[85, 92]. Contaminated food that is brought 
into the kitchen could contaminate surfaces or 
other food prior to cooking. Wild boar and deer 
are also a food reservoir of HEV that has been 
reported to be the source of hepatitis E in 
humans [93]. Other animals that have been 
found to be infected with HEV include rabbits, 
goats, mongeese, and camels [20, 94–99]. An 
infected camel transmitted HEV genotype 7 to 
his owner who was immunocompromised after 
having a liver transplant [19]. The patient 
developed chronic HEV infection. Subsequent 
studies of dromedary and Bactrian camels 
found serologic evidence of HEV infection to 
be common among both types of camels [94–
96]. However, the importance of the camel res-
ervoir in transmitting HEV to humans is 
unclear and has not been adequately studied. A 
recent report from China found HEV genotype 
4 RNA in the milk of a cow [100]. The virus 
could be transmitted to cynomolgus monkeys 
by oral challenge, even after the milk was pas-
teurized but not after it had been boiled [100]. 
Additional research on the extent of the cow 
reservoir is important since these animals have 
not been considered a zoonotic source of 
human infection prior to this report. However, 
they are an important human food source [92, 

101]. A serological study found anti-HEV IgG 
seroprevalence of 15% in cows in the United 
States. However, HEV RNA has not been 
detected in cows in the United States [102]. 
Research on the thermal inactivation of HEV 
in pork products has found it to be necessary to 
heat the food to an internal temperature of 
71  °C for 20  minutes in order to completely 
inactivate HEV [103, 104]. Therefore, under-
cooked meat or smoked sausage could transmit 
HEV [105].

Transfusion and Parenteral Transmission
HEV can be transmitted by transfusion of blood 
products or by parenteral exposures from a vire-
mic donor. Several epidemiologic factors favor 
the transmission of HEV by transfusion. First, 
HEV infections occur more frequently in adults. 
Second, infected persons usually are asymptom-
atic. Third, the infections involve the general 
population and are not concentrated in specific 
populations, such as injection drug users, men 
who have sex with men, or other groups. 
Therefore, it is not possible to reduce the risk by 
screening or excluding selected populations from 
donating blood.

Several transfusion-transmitted HEV infec-
tions were reported from northern Japan over a 
decade ago [106–109]. As a result of these reports, 
routine screening of blood donors from the 
Hokkaido area of Japan for HEV RNA was insti-
tuted in 2008 [110]. This screening identified 231 
viremic donors among over two million donations 
[109]. A total of 19 transfusion- transmitted HEV 
infections have been detected in Japan during the 
last 15  years [106]. Studies in many countries 
have identified viremic donors at rates varying 
from 1 in 785 to 1 in 13,450 [109, 111]. A study 
of 225,000 blood donors in Southeastern UK 
detected 77 HEV RNA-positive donors [111]. 
Among 44 patients who had been transfused with 
these viremic donations, who could be followed, 
18 developed HEV infection, of which 10 were 
persistent. These patients cleared long-standing 
infections after treatment with ribavirin or  
reducing their immunosuppressive therapy. 
Following this study, the UK blood services 
developed a policy of only transfusing patients 

K. E. Nelson and B. L. Kmush



25

with a transplant or a hematologic malignancy 
with blood that had screened negative for HEV 
RNA [112]. All blood is screened for HEV RNA 
prior to transfusion in Ireland at present [113].

Donations from 59,474 donors in Holland that 
were screened in pools of 96 and 192 samples 
detected 45 HEV RNA-positive donations. 
Although blood for transfusion in Holland is not 
routinely screened, donations for the production 
of solvent/detergent treatment (S/D) plasma are 
tested for HEV RNA.  In 2013 and 2014, HEV 
RNA was detected in 1 of 762 donations intended 
for production of S/D plasma [114]. Blood 
donors in China are routinely screened for 
ALT. Donors with elevated ALT levels are more 
frequently positive for anti-HEV IgM, HEV anti-
gen, or HEV RNA [115]. Despite the evidence 
that HEV viremic donors are common globally, 
few countries have adopted routine donor screen-
ing for HEV RNA.

Vertical Transmission
Transmission of HEV to the fetus during preg-
nancy or to the infant at birth from infected 
women has been reported [116, 117]. One study 
in Kashmir documented perinatal transmission of 
HEV to the infants of five of eight infected 
women [118]. Infant and cord blood samples had 
elevated ALT levels and anti-HEV IgG and HEV 
RNA; three had anti-HEV IgM. One infant was 
jaundiced. Two infected infants died, and HEV 
viremia resolved within 1 month in three infants. 
Another study of six infants born to mothers with 
hepatitis E in India reported three infants with 
plasma HEV RNA [117]. Chronic infection of 
infants infected at birth has not been reported. 
HEV RNA has been detected in the breast milk of 
a postpartum woman [119]. However, no data 
have been reported on the risk of transmission by 
breast feeding.

Occupational Transmission
Swine farmers, butchers, abattoir workers, and 
workers having contact with sewage have been 
reported to be at increased risk of HEV [120–
123]. A study of wild boar hunters in Germany 
found these persons to have a high risk of HEV 
infection [123]. However, hunters who wore 

gloves when disemboweling and butchering the 
animals had lower HEV seroprevalence. A patient 
with acute hepatitis E acquired from a scalpel 
wound during surgery on a pig was reported 
recently [124].

2.3.2.3  HEV Infections in Selected 
Populations

Infants and Young Children
Most studies have found HEV infections and 
seroprevalence to be less common in young chil-
dren. However, when infected, they can develop 
symptomatic acute hepatitis as well as asymp-
tomatic infections [125].

Adolescents and Young Adults
Infections with HEV genotype 1 strains are most 
common in populations of young adults (Figs. 2.6 
and 2.7) [71].

Middle-Aged and Older Adults
HEV infections are common in middle-aged and 
older adults, especially among persons infected 
with genotype 3 and 4 strains. HEV seropreva-
lence increases with age in populations where 
genotype 3 or 4 strains are endemic [16]. The 
highest seroprevalence is among older males in 
these countries. In a seroprevalence study of the 
NHANES repository, non-Hispanic blacks had a 
lower prevalence of antibodies to HEV, 15.3%, 
than Hispanics, 21.8%, or whites, 22.3% [126]. 
Lower anti-HEV seroprevalence in blacks was 
associated with single nucleotide polymorphisms 
linked to the e3 and e4 alleles of the apolipopro-
tein gene [127].

Pregnant Women
Pregnant women are at increased risk for infec-
tion, severe disease, and mortality from genotype 
1 or 2 HEV infection [128]. Whether pregnant 
women who are infected with genotype 3 HEV 
may also have more severe infections is not clear 
[129]. Among 68 cases of HEV in Israel between 
1993 and 2013, 9 were in pregnant women. The 
authors found an additional six cases of HEV 
infection during pregnancy from reports in the 
literature. The outcome in ten cases was favorable. 
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However, five cases had fulminant hepatitis, 
including two of the patients with locally acquired 
infection in Israel [129]. More data are needed on 
the natural history of autochthonous HEV infec-
tions in pregnant women in industrialized coun-
tries. However, acute hepatitis from HEV is 
uncommon in this population in developed 
countries.

Immunocompromised Populations
Patients who are immunocompromised are at risk 
for chronic HEV infections that can persist for 
years [130]. The majority of patients with chronic 
HEV have been reported among patients with 
solid organ transplants, who are receiving immu-
nosuppressive drugs to prevent the rejection of 
their transplants [131]. However, chronic HEV 
infections have also been reported among patients 
with depressed immunity for other reasons, 
include HIV/AIDS and hematologic malignancy 
[132–134].

A review of data from 17 transplant centers in 
Europe found 85 solid organ transplant patients 
who had been infected with HEV after their 
transplant [135]. Fifty-six (65.9%) of these 
patients developed chronic hepatitis. Multivariate 
analysis found the use of tacrolimus, rather than 
cyclosporine, to prevent rejection was signifi-
cantly associated with chronic HEV. Among the 
patients with chronic hepatitis, 18 (32.1%) 
achieved viral clearance after the dose of immu-
nosuppressive therapy was reduced [135].

In addition to reducing the dose of immuno-
suppressive drugs, chronic HEV can be treated 
effectively with interferon or ribavirin. A retro-
spective review of 59 patients in several centers 
in France who had HEV infection after a trans-
plant found that the infection cleared after they 
had received a median daily dose of 600 mg of 
ribavirin for an average of 3  months [136]. 
Although recurrence of the infection occurred in 
ten patients after ribavirin was stopped, they were 
retreated successfully.

2.3.2.4  Extrahepatic Symptoms
Although HEV replicates in the liver and mainly 
results in symptoms of acute hepatitis, some 
patients with chronic HEV have extrahepatic 

symptoms. The most frequently reported extrahe-
patic symptoms are neurological, including 
Guillain-Barre syndrome, neurologic amyotro-
phy, and encephalitis or meningitis [137]. Some 
patients have had evidence of extrahepatic repli-
cation of HEV.  HEV RNA has been recovered 
from the cerebrospinal fluid of a patient with 
encephalitis; however, this is unusual [138]. 
Some patients with HEV infection have had acute 
pancreatitis, aplastic anemia, cryoglobulinemia, 
or acute membranous glomerulonephritis [138]. 
An HEV genotype 3 virus was isolated from a 
patient in the UK with chronic hepatitis that was 
sequenced and found to have a genetic insert of 
151 nucleotides from the human ribosome pro-
tein [139]. This recombinant virus, the Kernow 
strain, was able to replicate effectively in several 
human hepatoma cell lines. This virus has been 
important for in vitro research in the biology of 
viral replication.

2.3.2.5  Prevention of Hepatitis E
Prevention of waterborne transmission of HEV in 
developing countries is quite difficult. WHO has 
estimated that more than 2.5  billion people in 
developing countries lack access to modern sani-
tation. However, physical and chemical methods 
can be utilized to disinfect water [71, 140]. Heat, 
ultraviolet radiation, and chlorination can be 
effective [141]. However, access to these meth-
ods is often limited during floods in poor 
countries.

Prevention of foodborne transmission is also 
challenging. However, persons who are at risk for 
chronic or severe acute infections should avoid 
eating high-risk food, such as undercooked pig 
liver, organ meats, liver pate, smoked sausage, or 
raw oysters. Despite these precautions, contami-
nation can extend beyond these high-risk foods 
because of cross contamination in the kitchen or 
during transport.

Hepatitis E Vaccines
Two HEV vaccines have proved to be effective in 
clinical trials. The first vaccine was a submit vac-
cine that was tested in the Nepal military and 
found to be over 95% effective in preventing 
clinical hepatitis [142]. However, this vaccine 
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was not licensed or produced after the trial. A 
second vaccine, Hecolin, was produced in China 
[143]. This vaccine is a subunit virus-like particle 
vaccine containing 239 amino acids that is pro-
duced in E. coli. The vaccine was found to be 
highly immunogenic and protected monkeys 
after challenge with HEV [144]. After satisfac-
tory safety and immunogenicity studies in 
humans, a clinical trial in 112,604 persons 
between 16 and 65 years of age was completed in 
China [143]. The vaccine was given in three 
doses at baseline, 1 month, and 6 months. It was 
100% effective in preventing clinical hepatitis in 
persons who received all three doses. A follow-
 up study after 4.5 years found the vaccine to have 
continued efficacy of 86.6% (95% confidence 
interval: 71–94%) in preventing hepatitis [145].

The vaccine is now licensed and available 
only in China. It could be very useful in prevent-
ing infection in high-risk patients such as preg-
nant women or immunosuppressed patients. 
However, additional data are needed to evaluate 
the efficacy of a shorter course of the vaccine 
given to subjects at high risk of severe morbidity 
or mortality.

2.4  Summary

Although the epidemiology and prevention tools 
and strategies for these two enterically transmit-
ted hepatitis viruses differ, the implementation of 
currently available methods could reduce the 
morbidity and mortality from these infections 
considerably.
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Abstract
Viral hepatitis constitutes a great burden of 
public health in the world. In 2016, the World 
Health Assembly approved a global strategy to 
achieve elimination of this threat by 2030. To 
achieve this goal, countries and regions need to 
reduce incidence and mortality by 90% and 
65%, respectively, by 2030. Five strategic 
directions have been proposed, with under-
standing the epidemiology of viral hepatitis 
being the first step toward elimination. 
Hepatitis B and C are responsible for 96% of 

all hepatitis mortality. Hepatitis D is an impor-
tant cofactor of hepatitis B virus infection. 

The World Health Assembly adopted the first 
Global Health Sector Strategy on Viral Hepatitis, 
2016–2021 in 2016, which has a vision of elimi-
nating viral hepatitis as a public health problem. 
The targets for the year 2020 include a 30% 
reduction in new cases of chronic viral hepatitis 
B and C infections and a 10% reduction in viral 
hepatitis B deaths. By 2030 the global targets are 
to reduce new viral hepatitis infections by 90% 
and reduce mortality due to viral hepatitis by 
65% (Fig. 3.1).

To achieve the 2030 goals, five strategic direc-
tions are proposed. These strategic directions 
include (1) information for focused action (what 
is the situation); (2) interventions for impact 
(what service should be delivered); (3) delivering 
for equity (how can these services be delivered); 
(4) financing for sustainability (how can the costs 
of delivering the package of services be met); and 
(5) innovation for acceleration (how can the tra-
jectory of the response be changed). This strategy 
helps outline the priority actions to be taken by 
countries and by the World Health Organization 
(WHO), with respect to region-specific hepatitis 
epidemics, national priorities, and country con-
texts and taking national policies, jurisdiction, 
and legislation into consideration.
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Understanding the epidemiology of viral 
hepatitis is the first step toward elimination. A 
total of five hepatitis viruses have been identi-
fied, referred to as types A, B, C, D, and E, 
which caused 1.34 million deaths in the human 
population in 2015. The five hepatitis viruses 
are distinct with regard to modes of transmis-
sion, populations affected, and health out-
comes (Fig.  3.2). Hepatitis A and E are 
typically caused by ingestion of contaminated 
food or water. Hepatitis B, C, and D usually 
occur as a result of parenteral contact with 
infected body fluids. All the hepatitis viruses 
can cause acute hepatitis, while only hepatitis 
B, C, and D viruses cause chronic hepatitis, 
which may progress to cirrhosis and primary 
liver cancer. Hepatitis B and C are of greatest 
concern as they are responsible for 96% of all 
hepatitis mortality. This chapter focuses on the 
epidemiology and global view of hepatitis B, 
C, and D.

3.1  Epidemiology and Global 
View of Hepatitis B

Hepatitis B virus (HBV) infection is a severe 
global health issue due to its geographically 
widespread distribution and its potential to cause 
advanced liver diseases such as cirrhosis and 
hepatocellular carcinoma (HCC). Understanding 
of the epidemiology and the natural history of 
HBV infection is necessary for disease preven-
tion and intervention.

3.1.1  Global Distribution of HBV 
Infection

Worldwide estimates suggest that more than 2 
billion people have been infected with HBV, and 
among them, 248  million are suffering from 
chronic HBV (CHB) infection, which is defined 
as being hepatitis B surface antigen (HBsAg) 

Fig. 3.1 World Health Organization (WHO) targets for reducing new cases of and deaths from chronic viral hepatitis 
B and C infection. (From WHO, global health sector strategy on viral hepatitis 2016–2021, June 2016)
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positive [1]. Globally, CHB infection accounts 
for approximately 30% of all cirrhosis and 53% 
of all HCC cases, [2] and 15–25% of CHB 
patients eventually die from these two advanced 
diseases [1]. In addition, it has been estimated 
that 600,000 deaths per year can be attributed to 
HBV infection [3].

The worldwide prevalence of HBsAg positiv-
ity is estimated to be 3.61% [1]. However, the 
prevalence varies greatly from one WHO region 
to another (Fig. 3.3). The highest prevalence can 
be found in most African (especially Sub-Saharan 
Africa), Western Pacific (including China, 
Taiwan, and most Pacific Islands), and 
Southeastern Asian regions, where the preva-
lence is as high as 8–15%. About 45% of HBV- 
infected individuals reside in these regions, and 
their lifetime risk of infection is more than 60%. 
The prevalence of HBsAg positivity is moderate 

in Eastern Mediterranean (including South- 
Central and Southwestern Asia), European 
(Southern and Eastern regions), and American 
(Central and Southern) regions, where prevalence 
rates range from 2% to 7%. Forty-three percent 
of HBV-infected individuals live in these regions, 
and their lifetime risk of infection is between 
20% and 60%. The remaining 12% of HBV- 
infected individuals are located in low-prevalence 
areas, where the prevalence is less than 2%, and 
their lifetime risk of infection is less than 20%. 
These low-prevalence areas include the United 
States, Western Europe, and Australia [1, 4–6].

Over time, there has been an overall decrease in 
the prevalence of HBsAg positivity in most WHO 
regions and countries [4]. The Eastern Mediterranean 
region has seen a strong decrease in prevalence, 
while Eastern and Western Europe show stable high 
and low prevalences, respectively. Meanwhile, 

Fig. 3.2 Regional distribution of deaths from viral hepa-
titis. (From WHO, global health sector strategy on viral 
hepatitis 2016–2021, June 2016)
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Southeastern Asian and Western Pacific regions 
have seen low to medium reductions in prevalence, 
with the most prominent reductions occurring in 

China and Malaysia [1, 7]. However, there has been 
a notable increase in prevalence in African and 
Eastern European regions [1].

Fig. 3.3 Prevalence of chronic hepatitis B infection (a) in 
children 5–9 years old and (b) in adults 19–49 years old 
in 2005. (From WHO, guidelines for the prevention, care, 
and treatment of persons with chronic hepatitis B 
infection, March 2015)

Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional 
affiliations
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3.1.2  Global Distribution of HBV 
Genotypes

Due to the lack of a proofreading function in the 
HBV reverse transcriptase, transcription errors 
occur during viral replication, which result in 
different HBV genotypes, subgenotypes, 
mutants, and recombinants. To date, ten HBV 
genotypes, which are dispersed across different 
geographical regions, have been identified [8]. 
Genotype A is commonly found in Western and 
Sub-Saharan Africa, Northern and Northwestern 
Europe, North America, and India. Genotypes B 
and C are endemic to Asian regions. Genotype D 
is widespread in Africa, Eastern Europe, 
Mediterranean countries, the Middle East, 
Central Asia, and India. Genotype E is prevalent 
in Western Africa, while genotypes F and H are 
common in South and Central America. Genotype 
G is most predominant in France, Germany, 
Mexico, and the United States. Recently, geno-
type I was reported in Vietnam and Laos, and 
genotype J was identified on Japan’s Ryukyu 
Islands [5, 6, 8–13].

In addition to different geographical distri-
butions, HBV genotypes also have different 
impacts on disease and clinical progression, 
response to antiviral treatment, and prognosis 
[8]. Several studies have shown that HBV gen-
otypes A and D have higher rates of progres-
sion from acute to chronic infection than 
genotypes B and C and that genotype A is sig-
nificantly associated with chronicity [10, 14]. 
In Asian regions, it was reported that the rate 
of chronicity was higher in genotype B than in 
genotype C [15]. A Taiwanese study showed 
that the spontaneous HBV e antigen (HBeAg) 
seroconversion rate is higher in genotype B 
than in genotype C [16]. Regarding response 
rates to interferon treatment, they have been 
reported to be greater for genotypes A and B 
than for genotypes C and D, while genotype E 
is the most difficult to treat [17, 18]. For severe 
liver diseases, genotype C is widely accepted 
to be associated with higher risks of cirrhosis 
and HCC [19].

3.1.3  Transmission Routes and Risk 
of Chronic HBV Infection

There are two major routes of HBV transmis-
sion. Perinatal transmission, in which HBV is 
passed from infected mothers to their newborns, 
accounts for the majority of worldwide transmis-
sions. It has been reported that 85% of infants 
born to HBeAg-seropositive mothers as well as 
mothers with high viral loads became chroni-
cally infected, while 32% of those born to 
HBeAg- seronegative mothers became chroni-
cally infected [20]. Another route of HBV trans-
mission is horizontal transmission, which occurs 
through open wounds or scratches, blood trans-
fusions, unprotected sexual contact, or risky 
behaviors such as sharing of unsterilized nee-
dles, tattooing, and body piercing during child-
hood or adulthood [4]. It has been widely 
reported that the probability of becoming chroni-
cally infected increases with decreasing age of 
first infection. Up to 90% of individuals with 
perinatal infections become chronically infected, 
while approximately 20–60% of individuals 
infected during early childhood become chronic 
carriers, and only 5–10% of infected adults 
become chronic carriers [21, 22]. Therefore, in 
endemic regions, 40–50% of chronic HBV infec-
tion originates from perinatal transmission. In 
areas with moderate endemicity, chronic HBV 
infection is usually caused by transmission dur-
ing early childhood. In areas with low HBV 
prevalence, however, chronic HBV infection is 
typically acquired through transmission during 
adulthood [6, 23, 24].

3.1.4  Long-Term Consequences 
of Hepatitis B Virus Infection

Infection with the hepatitis B virus is a particu-
larly serious threat to global public health, due to 
its widespread geographical distribution and its 
potential for serious clinical consequences such as 
cirrhosis, HCC, and liver-related death [24–26]. 
In addition, based on the comprehensive assess-
ment of both epidemiological and  mechanistic 
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evidence, the International Agency for Research 
on Cancer (IARC) has notably also classified the 
HBV as a Group 1 human carcinogen with suffi-
cient evidence to prove its causation of HCC [27]. 
In a landmark study of 22,707 Taiwanese men, 
men that were seropositive for HBsAg had a 223-
fold increased risk of developing HCC, compared 
to non-infected men [25, 28]. Among individuals 
that are chronically infected with HBV, however, 
results from long- term prospective studies have 
shown that the progression of hepatitis B infec-
tion toward long-term clinical consequences is 
typically characterized by interactions between 
crucial viral, environmental, and host factors 
[29–32].

3.1.4.1  Cirrhosis
Specifically, risk factors that have been shown to 
affect progression of HBV-infected individuals 
to cirrhosis include age, male sex, viral geno-
types, HBeAg serostatus, HBV DNA, HBsAg 
levels in the serum, and ALT levels [30, 31, 33, 
34]. Studies from the Risk Evaluation of Viral 
Load Elevation and Associated Liver Disease/
Cancer in HBV (REVEAL-HBV) study and 
other long- term prospective studies have shown 
that HBV DNA levels are a major driver of dis-
ease progression. Specifically, the risk for cir-
rhosis has been shown to increase with higher 
HBV DNA levels among HBV carriers, even 
after adjustment for age, sex, and other viral fac-
tors and stratification by sex, alcohol consump-
tion, and cigarette smoking [33]. More recently, 
prediction models incorporating quantitative 
HBsAg levels have also been able to increase 
prediction accuracy for cirrhosis [31].

3.1.4.2  HCC
Many studies have examined cofactors of HBV- 
related HCC. Viral factors shown to affect pro-
gression to HCC include age, male sex, viral 
genotypes, HBeAg serostatus, HBV DNA, 
HBsAg levels in the serum, and seroclearance of 
HBeAg, HBV DNA, and HBsAg [29–32, 35–
37]. An early study of individuals with chronic 
hepatitis B found that HBeAg seropositivity was 
associated with significantly increased risk for 
HCC, implying that active viral replication was a 

relevant determinant for HCC [37]. In a later 
landmark study, this was confirmed when a 
strong biological gradient of HCC risk was 
observed across serum HBV DNA levels. The 
corresponding relative risks with 95% confidence 
intervals were 1.0 (referent), 1.1 (0.5–2.3), 2.3 
(1.1–4.9), 6.6 (3.3–13.1), and 6.1 (2.9–12.7), 
respectively, for serum HBV DNA levels of 
<300, 300–9999, 10,000–99,999, 100,000–
999,999, and ≥  1,000,000 copies/mL [38]. In 
addition, several studies in recent years have con-
firmed the role of quantitative HBsAg levels in 
predicting HCC risk, independent of conven-
tional risk factors such as ALT and HBV DNA 
viral load. Specifically, higher serum HBsAg lev-
els have been able to predict higher risk for HCC, 
even among individuals with low viral loads [31, 
36]. Thus, as higher levels of seromarkers have 
been shown to predict higher HCC risk, it is 
important to also highlight the importance of the 
seroclearance of HBeAg, HBV DNA, and 
HBsAg, each of which has been shown to predict 
a decreased risk of HCC, while persistence of 
each is also predictive of an increased risk for 
HCC [32].

In addition to viral factors, studies have also 
shown that environmental factors such as a posi-
tive family history, increased alcohol consump-
tion, and metabolic syndrome are also associated 
with increased risk for developing HCC [39–42]. 
Lastly, more recent studies have also focused on 
the role of host genetic factors in predicting a 
host’s risk for HBV-related HCC.  Notably, the 
role of the S267F variant on NTCP, the putative 
receptor for HBV, in modulating HBV infection 
and risk for HCC has been recently confirmed in 
the REVAL-HBV cohort [43].

3.1.5  The Era of Personalized 
Medicine

With the confirmation of a myriad of risk factors 
for HBV-related clinical outcomes such as cir-
rhosis and HCC, recent research has begun to 
focus on the establishment of risk calculation 
tools, which would allow for a personalized 
assessment of risk based on the clinical profile of 
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each HBV-infected patient. Several tools have 
been created, both for the prediction of HBeAg, 
HBV DNA, and HBsAg seroclearance and for 
the prediction of cirrhosis and HCC [31, 44–49]. 
To date, only risk calculators for HCC have been 
robustly developed and externally validated in 
clinical settings. The easy-to-use REACH-B risk 
score is based on noninvasive clinical character-
istics and has helped clinicians and HBV carriers 
to stratify their HCC risks according to their per-
sonal profiles, including age, sex, family history, 
alcohol consumption, serum ALT levels, HBeAg 
serostatus, serum HBV DNA, HBsAg levels, and 
HBV genotypes, and has recently been revised to 
incorporate quantitative HBsAg levels [48–50].

In conclusion, it is clear that infection with 
the hepatitis B virus poses a serious threat to 
global public health, and even with the avail-
ability of an effective vaccine and significantly 
low rates of new infection, high rates of chronic 
infection continue to plague highly endemic 
areas, and the long-term consequences of HBV 
infection are being seen with high rates of cir-
rhosis and HCC in HBV-endemic areas. With 
such robust and clinically applicable tools 
being developed through sound epidemiologi-
cal research, the hope is that the dangerous con-
sequences of HBV infection can be better 
anticipated, or even prevented, reducing the 
global disease burden resulting from the hepati-
tis B virus.

3.2  Epidemiology and Global 
View of Hepatitis C

Hepatitis C virus (HCV) is recognized as a major 
cause of chronic liver disease. Generally, liver 
cirrhosis occurs in 20 to 30% of patients with 
chronic HCV infection after two to three decades 
[51]. Once cirrhosis occurs, HCC develops in 
1–4% of these patients per year [52]. In addition, 
HCV is estimated to be attributable for one third 
of HCC cases globally [53], representing a great 
public health burden. The transmission of HCV 
primarily occurs through blood contact.

3.2.1  Prevalence of HCV Infection

The global prevalence of HCV infection is esti-
mated to be 2–3%, which equates to 130–180 mil-
lion people living with HCV infection [54]. The 
seroprevalence of HCV has considerable geo-
graphical variation [55]. The estimated preva-
lence of HCV infection in economically 
developed countries is relatively low at 1–2% of 
the adult population, whereas it is up to 5–10% in 
less developed countries [56, 57]. Regions with 
the highest HCV prevalence include African, 
Eastern Mediterranean, Southeast Asian, and 
Western Pacific regions [56, 57], while areas with 
lower prevalence include the North American, 
Northern and Western European, and Australian 
regions. In Africa, countries with the highest 
HCV prevalence include Egypt and Cameroon, 
where the prevalence rates are reported to be 
higher than 10% [58, 59].

The estimated absolute number of individuals 
with HCV infection is 29.8  million in China, 
18.2  million in India, 11.8  million in Egypt, 
9.4  million in Pakistan, and 9.4  million in 
Indonesia [58]. Although many countries in Asia 
have a low to intermediate prevalence of HCV, 
highly endemic areas have at least 50% of people 
with HCV infection [60].

3.2.2  HCV Transmission Routes

3.2.2.1  Injection Drug Use
The prevalence of HCV infection among intra-
venous drug users ranges from 31% to 98% 
[61]. Illicit injection drug use is a primary trans-
mission route for HCV infection in developed 
countries and accounts for approximately 60% 
and 80% of HCV infection in the United States 
[62] and Australia [63], respectively. For exam-
ple, anti-HCV seroprevalence among injection 
drug users in the San Francisco Bay Area was 
higher with each decade of drug use, rising from 
66.2% among subjects who had injected drugs 
for less than 10  years to 98.7% among those 
who had been injecting for 30 years or longer 
[64]. Drug users who had ever borrowed a nee-
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dle had a 2.56 (95% CI = 1.2–5.5)-fold increased 
risk to be infected by HCV [65].

Sharing contaminated injection equipment 
among injection drug users was the main HCV 
transmission route. Injection drug users who 
never used syringe exchanges had a lower cumu-
lative incidence of HCV than those who used the 
exchange (15% vs. 21–26%) [66]. Drug solutions 
mixed with a syringe previously used for injec-
tion, clean syringes drawing solutions from con-
tainers or filters previously used by HCV-infected 
injectors, or cleaning syringes, containers, or fil-
ters with contaminated rinse water may result in 
the cross-contamination of drug preparation and 
injection equipment [67].

3.2.2.2  Recipients of Blood and Blood 
Products

In the mid-1970s, it was discovered that the blood 
supply was contaminated with an unidentified 
agent causing posttransfusion non-A and non-B 
hepatitis [68]. Patients with hemophilia, thalas-
semia, cardiac surgery, or chronic renal disease 
had increased risk for posttransfusion hepatitis 
[69–71]. However, these days, posttransfusion 
hepatitis C has become relatively rare in devel-
oped countries. The incidence of transfusion- 
associated hepatitis from 1970 to 1998 decreased 
from 33% to nearly nonexistent HCV transmis-
sion due to effective blood donor screening [72]. 
One multicenter study conducted in Baltimore 
showed a reduction of posttransfusion hepatitis 
from 45 per 100,000 units transfused in 1985 to 3 
per 100,000  units transfused in 1990 [73]. 
Compared to individuals who received a transfu-
sion after 1992, patients who had a transfusion 
history or high volume of blood loss related to 
surgery before 1992 had a higher risk of being 
anti- HCV seropositive [74, 75].

HCV screening in blood products has not been 
feasible in developing countries, and receiving 
infected blood products remains a major source 
of HCV infection. Most of these countries are 
located in Africa and Asia, where blood safety is 
threatened by poverty, insufficient instruments 
and laboratory reagents, limited numbers of 
trained professionals, traditional cultural barri-

ers, and difficulties in mobilizing volunteer 
donors [76, 77]. According to the Human 
Development Index (HDI), which ranks coun-
tries on the basis of life expectancy, literacy, and 
gross domestic product, countries with low HDI 
had 63% paid donors in their blood donor sys-
tems and only 51.3% of units screened for anti- 
HCV, compared with only 4% paid donors and 
nearly 100% of units screened for anti-HCV in 
countries with high HDI [78].

3.2.2.3  Unsafe Medical Injections
Unsafe medical injection, which is defined as the 
reuse of syringes or needles from patient to 
patient without sterilization, is also one of the 
primary modes of HCV transmission. Unsafe 
injections resulted in approximately 2.3–4.7 mil-
lion HCV infections annually [79]. Transmission 
of HCV through contaminated injection equip-
ment has been a major transmission source in 
most developing countries. One of the most well- 
known cases of unsafe medical injections was the 
massive Egyptian anti-schistosomal treatment 
campaign, later discontinued in the 1980s, which 
became the world’s largest iatrogenic transmis-
sion of a blood-borne pathogen known to date 
and resulted in a large reservoir of chronic HCV 
infection and a high HCV seroprevalence [80]. 
More than 3 million injections were given per 
year to over 300,000 individuals between 1964 
and 1969, and by the mid-1980s, the campaign 
had infected 10% of the entire adult population in 
Egypt with hepatitis C [80, 81].

Medical injection played an important role in 
the spread of HCV in the past. The age-specific 
prevalence is low in younger adults but is 
increased in older people [82–85], implying that 
the risk of infection was greatest around 
30–50 years ago [86]. A community-based study 
found that the population attributable risk of 
medical injection for HCV infection was 57% 
[85]. Receiving injections by non-licensed practi-
tioners was also more common in anti-HCV sero-
positives [87], suggesting that unlicensed or 
nonprofessional healthcare providers may have 
given medical injections without standard steril-
ization procedures.

H.-I. Yang et al.



41

3.2.2.4  Mother-to-Infant Transmission
In a landmark study in which HCV infection was 
observed in three generations of one family, ver-
tical transmission of HCV was confirmed by 
molecular evolutionary method [88]. The mother- 
to- infant transmission rate ranges from 0.6% to 
19.4% [89]. In the vast majority of cases, infants 
passively acquire the maternal antibody at birth. 
The antibody continues to be detectable in infants 
and then gradually clears by 12–18 months of age 
[90]. Testing for HCV RNA is generally used as 
a marker for the detection of HCV-infected 
infants [91]. Mothers with detectable HCV RNA 
or elevated serum HCV RNA levels had a higher 
likelihood to transmit HCV to their babies than 
those with undetectable HCV RNA [92]. There is 
also no obvious association between different 
HCV genotypes and the rate of vertical transmis-
sion [90, 93]. Moreover, there are no significant 
associations between mode of delivery and 
breastfeeding on HCV vertical transmission in 
HCV-infected mothers [94].

3.2.2.5  Sexual Transmission
Sexual transmission, which involves the 
exchange of bodily secretions or infected blood 
across mucosal surfaces, is one other possible 
mode of HCV transmission. Spouses with 
HCV-infected partners have a twofold higher 
risk of being HCV seropositive than spouses 
without HCV-infected partners [95]. In some 
studies, HCV genotypes were used to evaluate 
anti-HCV antibody- concordant couples, and 
the concordance rate was 50–82% in couples 
who both had detectable HCV RNA for HCV 
genotyping [95–97]. Moreover, among com-
mercial sex workers, the prevalence of anti-
HCV seropositivity ranged from 1% to 10% 
and was 2.9% to 13% among men who have sex 
with men [98]. The risk of HCV infection was 
highly correlated with the intensity of sexual 
exposures, including years of sexual exposure 
or numbers of sexual partners [99]. Similar to 
vertical transmission, individuals with high 
serum HCV RNA levels [100] or who were 
coinfected with HIV [101] had high rates of 
HCV transmission to their sexual partners. 

Partners of persons with chronic hepatitis C 
should be tested for anti-HCV and should be 
advised not to share percutaneous exposures to 
blood items.

3.2.2.6  Other Potential Risk Factors
There are several other biological routes associ-
ated with HCV transmission because of various 
human activities involving potential percutane-
ous exposure to blood or bodily fluids. These 
transmission routes include acupuncture [85], 
tattoos [102], cosmetic procedures [103], body 
piercings, commercial barbering, and religious or 
cultural practices such as circumcision [104].

3.2.3  Long-Term Consequences 
of HCV Infection

3.2.3.1  HCV Infection and Hepatic 
Diseases

The ability of HCV infection to increase the risk 
for liver-related outcomes is well documented, 
and clinical outcomes after HCV infection are 
highly variable. Among individuals with HCV 
infection, around 1.3–51% may develop liver cir-
rhosis and 0.1–5.3% may develop HCC over the 
course of 3.9–25 years [105, 106]. Based on the 
Risk Evaluation of Viral Load Elevation and 
Associated Liver Disease/Cancer in HCV 
(REVEAL-HCV) study cohort, the cumulative 
lifetime (30–75 years old) incidence of HCC for 
men and women is 23.7% and 16.7%, respec-
tively [107]. Elevated serum levels of HCV RNA 
and alanine aminotransferase (ALT) increase the 
risk for HCC after long-term follow-up [108]. 
The lifetime risk for HCC is 3.6% for those who 
have had spontaneous viral clearance (undetect-
able HCV RNA) and 24.8% for those who have 
continued chronic HCV infection (detectable 
HCV RNA). In addition, for individuals with 
serum ALT levels ≦15  U/L, 16–45  U/L, and 
>45 U/L, the cumulative lifetime risk for HCC is 
11.6%, 18.5%, and 34.3%, respectively [109]. 
Compared with other subtypes, individuals 
infected by HCV subtype 1b have further 
increased risk of HCC. The cumulative lifetime 
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risk for HCC is 19.2% and 29.7% for subtypes 
non-1b and 1b (p  <  0.001), respectively [110]. 
These seromarkers could also predict long-term 
development of HCC and had the potential to be 
used for risk stratification of HCV-infected 
patients in order to identify those in need of 
intensive care.

In order to integrate several important risk fac-
tors and predict the incidence of HCC, risk pre-
diction models were developed for HCV-infected 
subjects [111]. Patients’ risk profiles used in the 
prediction models include age, ALT, the ratio of 
aspartate aminotransferase to ALT, serum HCV 
RNA levels, the presence of cirrhosis, and HCV 
genotypes. Using patients’ clinical profiles, risk 
scores are calculated, and the corresponding pre-
dicted risk for HCC can be determined. These 
risk prediction models are validated in another 
external HCV-infected community-based cohort, 
and results show the predictive accuracy of the 
prediction models to be around 70–73% [111]. In 
a hospital-based cohort that enrolled HCV- 
infected patients with antiviral treatment and 
compared their risk of HCC at baseline and after 
treatment using the risk prediction model [112], 
the authors found a significant reduction in the 
risk for HCC after treatment-induced RNA clear-
ance. However, the risk for HCC did not change 
from baseline to after treatment among patients 
who did not experience treatment-induced RNA 
clearance. These findings suggest that the risk of 
HCC could be reduced with effective antiviral 
treatment.

3.2.3.2  HCV Infection and Extrahepatic 
Diseases

The large community-based prospective 
REVEAL-HCV study also found that patients 
with chronic hepatitis C infection, defined as 
having detectable serum HCV RNA, had 
increased risk of death from both hepatic and 
extrahepatic diseases, when compared to 
patients either seronegative for anti-HCV or 
seropositive for anti-HCV but with undetectable 
HCV RNA [113]. For example, HCV infection 
was reported to be associated with the incidence 
of cryoglobulinemia [114] and non-Hodgkin’s 
lymphoma [114, 115].

Several studies have also shown that patients 
with HCV infection have a higher risk of diabetes 
mellitus than uninfected patients, suggesting that 
HCV may interfere with the insulin signaling 
pathway [116]. The National Health and Nutrition 
Examination Survey found that subjects with 
HCV infection have an increased likelihood of 
having diabetes, with an odds ratio of 3.8 (95% 
CI: 1.8 to 7.8), after controlling for potential risk 
factors [117]. Another large-scale study enrolled 
10,975 subjects in an HBV- and HCV-endemic 
area and showed that the prevalence of HCV 
viremia was significantly different among dia-
betic and nondiabetic patients (6.9% vs. 4.5%, 
p  <  0.001) [118]. Long-term follow-up studies 
have also showed that individuals seropositive 
for anti-HCV and HCV RNA have increased risk 
of developing diabetes [119].

Lastly, HCV infection is also associated with 
cardiovascular diseases. A large cross-sectional 
study found that patients with the presence of 
plaque and carotid intima media thickening, 
which are the early and asymptomatic signs of 
carotid atherosclerosis, had a twofold risk of 
being anti-HCV seropositive [120]. Another 
study, which was conducted using Australia’s 
national registration database, found that 75,834 
hepatitis C-diagnosed patients had a significantly 
increased risk of dying from cardiovascular dis-
eases, compared to the general population [121]. 
In a similar retrospective study that compared 
10,259 anti-HCV seropositive and 10,259 anti- 
HCV seronegative blood donors, anti-HCV sero-
positives had higher cardiovascular mortality 
rates, with a hazard ratio of 2.21 (95% CI: 1.41–
3.46) [122]. In addition, a recent meta-analysis 
that included several observational studies found 
that HCV-infected patients have increased risks 
of cardiovascular-related mortality (OR = 1.65, 
95% CI  =  1.07–2.56), carotid plaques 
(OR = 2.27, 95% = 1.76–2.94), and cerebrovas-
cular events (OR = 1.30, 95% CI = 1.10–1.55) 
[123]. Lastly, a community-based cohort study 
found that elevated serum HCV RNA levels 
increase the risk for cerebrovascular deaths, even 
after considering conventional risk factors. The 
dose-response relationship seen in this study 
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supports a causal link between HCV infection 
and atherosclerotic changes [124].

3.3  Epidemiology and Global 
View of Hepatitis D

Hepatitis D virus (HDV) is the only member of 
the family Deltaviridae [125]. It appears to be a 
36-nm spherical particle and consists of a circu-
lar RNA genome, a single HDV nucleocapsid 
antigen, and a lipoprotein envelope from 
HBV. HDV is a defective virus that requires HBV 
for its life cycle. Therefore, it is only possible to 
have coinfection or superinfection of HDV with 
HBV, which has been shown to cause a more 
severe disease than HBV mono-infection.

3.3.1  Geographical Distribution

The seroprevalence of antibodies against HDV 
(anti-HDV) in chronic HBV carriers demon-
strates that HDV infection has a worldwide but 
nonuniform distribution. It is estimated that 
globally, 5% of HBsAg-seropositive individuals 
are coinfected with HDV, which corresponds to 
approximately 15–20  million people world-
wide. High-prevalence areas include the 
Mediterranean, Middle East, and Central and 

Northern Asia, including Mongolia, Greenland, 
Sub-Saharan Africa, the Amazon basin, and 
some areas of the Pacific (Fig.  3.4). In some 
countries within these endemic areas, anti-HDV 
seropositivity is found in as many as 30% of 
CHB patients [126]. However, the prevalence of 
HDV is low in North America and Northern 
Europe, South Africa, and Eastern Asia. 
Interestingly, although there is a high HBV 
prevalence in Southeast Asia, HDV infection is 
relatively rare in areas other than Vietnam and 
the Pacific Islands. In the Amazon area, high 
HDV antibody prevalence rates have been found 
among children younger than 4 years [127].

The decline in the prevalence of HDV has 
been reported in Italy, Spain, Turkey, and 
Taiwan [128–132], mainly due to the availabil-
ity of universal HBV vaccination, improvements 
in public health and hygiene, and increased 
awareness of transmission routes [133]. 
However, despite declining rates in some areas, 
some studies have reported an alarming preva-
lence of HDV infection in Northern California, 
Europe, Brazil, the Mediterranean Basin, and 
Vietnam, with rates ranging from 3.7% to 27.8% 
in CHB patients [134–138]. The epidemiology 
of HDV infection in children is similar with that 
in adults. Identical HDV strains in members 
from the same family had been reported, which 

Fig. 3.4 Worldwide prevalence of HDV and the geo-
graphic distribution of its genotypes. (Reproduced with 
permission from Ref. [22])
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highlights the  importance of the intrafamilial 
spread of HDV in endemic areas [139, 140].

Eight major genotypes of HDV have been 
classified, based on the heterogeneity in viral 
genome sequences [141–143]. Genotype 1 is the 
most predominant, which presents throughout 
the world (Fig.  3.4). Genotype 2 is more com-
monly found in Eastern Asia such as Japan and 
Taiwan, while genotype 3 has been reported to 
cause outbreaks in Venezuela and Peru [144].

3.3.2  Transmission

HDV shares the same transmission routes with 
HBV: percutaneously or sexually through con-
tacting infected blood or other body fluids of an 
infected person. Vertical transmission from 
mother to child is possible but considered to be 
rare [145]. Recent evidence showed a higher 
prevalence of HDV infection in patients aged 
20–40 than the overall prevalence, implicating 
that sexual transmission might be a factor with 
higher importance in the spread of the disease 
than previously thought [136, 146]. Vaccination 
against HBV can prevent HDV coinfection. 
However, an increasing HDV prevalence has 
been observed in injection drug abusers [147] or 
in immigrants from areas where HDV is endemic.

3.3.3  Disease Progression 
and Long-term Consequences 
of HDV Infection

The risk of disease progression depends on the 
mode of infection. Coinfection with HBV and 
HDV usually results in mild, self-limited hepati-
tis and subsequent clearance of both viruses, with 
less than 10% of coinfected patients progressing 
to chronic HDV infection [144, 148]. However, 
some patients may develop severe fulminant 
hepatic failure [149]. Superinfection occurs when 
individuals with established chronic HBV are 
superinfected with HDV. Three phases are usu-
ally seen: acute, chronic, and late phases. The 
acute phase is characterized by high alanine ami-

notransferase (ALT) levels, active HDV replica-
tion, and suppression of HBsAg and HBV 
DNA.  During the chronic phase, ALT levels 
decrease but may remain moderately elevated, 
HDV replication decreases, and HBV reactiva-
tion at low levels may occur. The late phase is 
characterized by reduced levels of both viruses or 
the replication of either virus that causes cirrho-
sis or HCC [150, 151]. Superinfection leads to 
chronic HDV in 70–90% of cases [150, 152] and 
can accelerate progression to a more severe dis-
ease than HBV mono-infected persons [153]. 
However, it is still unclear why HDV causes 
more severe hepatitis and a faster progression of 
fibrosis than HBV alone. It has been reported that 
superinfection of HDV may increase the risk of 
cirrhosis three times higher than those with HBV 
infection alone [149]. The association between 
HDV infection and HCC risk is controversial; 
some studies show that HDV infection is associ-
ated with increased risk of HCC, while others do 
not show an association [149, 154].

Several risk factors that affect disease progres-
sion of HDV infection have been identified. A 
Taiwanese study showed that among 194 patients 
with dual infection of HBV and HDV, 24 and 41 
progressed to cirrhosis and HCC, respectively, 
during a median follow-up of 135 months. Older 
age, genotype 1 HDV, and genotype C HBV were 
found to be associated with adverse outcomes 
[155]. Another study from Italy tracked the 
course of 299 HDV-infected individuals for a 
mean period of 20 years. This study showed that 
persistent HDV replication was an important pre-
dictor of disease progression, which could lead to 
cirrhosis and HCC at annual rates of 4% and 
2.8%, respectively. HDV replication was also the 
only predictor of liver-related mortality [156]. In 
addition, coinfection with other viruses such as 
HIV and HCV was shown to impact the course of 
HDV-related liver disease [157, 158].

HDV genotype can also influence outcomes of 
HDV infection. HDV genotype 1 has been shown 
to be associated with a higher incidence of acute 
liver failure following acute hepatitis D, a lower 
remission rate, and an increased incidence of 
adverse outcomes compared to genotype 2 [150, 
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155, 159]. Genotype 3 was reported to be associ-
ated with outbreaks of acute hepatitis D with a 
high incidence of fulminant hepatic failure in 
South America [160, 161].

3.3.4  Hepatitis D in Children

Although the incidence of HDV infection in chil-
dren has decreased due to the implementation of 
the universal hepatitis B vaccination programs, 
there are still outbreaks reported in children in 
endemic areas of HBV infection [162].

HDV superinfection has profoundly modified 
the natural history of CHB in children, trans-
forming a usually mild disease into progression 
toward severe hepatitis [163]. Severe cases of 
hepatitis, such as fulminant hepatic failure in 
children, are mainly caused by HDV superinfec-
tion [161]. One study in Turkey reported that 
although HDV infection was rare among HBV- 
infected children in the Western region of Turkey, 
all three children infected with HDV had biopsy- 
proven cirrhosis. In addition, there was a positive 
correlation between histological cirrhosis and the 
number of years following acute HDV infection 
[164]. Another Turkish study reported that 6 out 
of 206 children who had CHB were also infected 
with HDV. Among these children, three had cir-
rhosis, two had a moderate degree of hepatitis, 
and one had minimal inflammation [165]. 
However, a study from Taiwan found that high 
levels of HBV replication may result in the sup-
pression of HDV and that HDV infection did not 
largely affect the natural course of HBV infection 
in Taiwanese children [139].

The baseline-event-anticipation score (BEA 
score) has been developed for predicting risk of 
liver-related morbidity or mortality (including 
decompensation, HCC, liver transplantation, and/or 
death) for patients with HDV infection and incorpo-
rates age, sex, region of origin, bilirubin, platelets, 
and international normalized ratio (INR) [166]. The 
accuracy of the BEA score was evaluated in two 
independent validation cohorts followed in 
Barcelona and Düsseldorf and may be used to assist 
with prognostication of HDV infection.

3.3.5  Seromarkers

The presence of HBsAg is a prerequisite for the 
diagnosis of HDV infection. Several seromarkers 
including HDV antigen (HDAg), anti-HDV, and 
HDV RNA may be used for the screening and 
diagnosis of HDV infection. Testing for serum 
HDAg in the acute phase may yield negative 
results, and repeat testing may be necessary 
[167]. In the chronic phase, as HDAg is com-
plexed with high titers of anti-HDV, levels of 
HDAg are usually low.

Anti-HDV antibodies develop in every indi-
vidual infected with HDV [126]. Low titers of 
anti-HDV may persist for years after recovery 
from infection and should not be used as an indi-
cation of active infection. Several commercial 
tests are available for total anti-HDV antibody. 
HDV RNA is an early and sensitive marker of 
acute HDV infection and is useful for assessing 
the resolution of HDV infection. However, there 
still is no standardized HDV RNA assay, and in- 
house assays can only be performed in special-
ized laboratories. In individuals seropositive for 
anti-HDV, the HDV RNA assay should be used 
for confirming active HDV infection. HDV geno-
typing may help to identify patients at increased 
risk of developing end-stage liver disease. 
However, its usage is not recommended in rou-
tine clinical practice.

3.4  Prevention and Treatment 
of Hepatitis B, C, and D

The hepatitis B vaccine is the most important tool 
for the prevention of hepatitis B virus infection. 
WHO recommends that all infants receive the 
hepatitis B vaccine within 24  hours after birth. 
Vaccination has reduced the rate of chronic infec-
tion to less than 1% among immunized children 
in countries in which 15% of children used to 
become chronic carriers. The implementation of 
a  nationwide hepatitis B vaccination program in 
Taiwan in 1984 shows that vaccination of 
newborns has not only reduced the risk of infec-
tion but has also led to significant reduction in the 
incidence of childhood liver cancer [168, 169].
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It is recommended by WHO that all children 
and adolescents younger than 18 years old who 
live in countries with low or intermediate ende-
micity and who are not previously vaccinated 
receive the vaccine. Some high-risk people, 
including those who frequently require blood or 
blood products, dialysis patients, recipients of 
solid organ transplantations, those who inject 
drugs, those with multiple sexual partners, house-
hold and sexual contacts of people with chronic 
HBV infection, those who will be travelling to 
endemic areas, and healthcare workers, are also 
recommended to be vaccinated. As the protection 
can last at least 20 years and is probably lifelong 
in those who complete vaccine series, WHO does 
not recommend booster vaccination for persons 
who have completed the three-dose vaccination 
schedule. In 2015, global coverage with the three 
doses of hepatitis B vaccine in infancy reached 
84%. However, the coverage with the initial birth 
dose vaccination is still low at 39%.

In addition to vaccination, blood safety 
strategies such as screening of donated blood and 
blood components used for transfusion can 
prevent transmission of HBV.  In 2013, 97% of 
blood donations were screened and quality 
assured worldwide; however, there exist gaps for 
improvement. Furthermore, eliminating 
unnecessary and unsafe injections and minimizing 
the number of partners and using barrier protective 
measures are also important strategies for 
protection against HBV transmission.

WHO also recommended the use of simple, 
noninvasive diagnostic tests to assess the stage of 
liver disease and eligibility for treatment; to 
prioritize treatment for those with most advanced 
liver disease and at greatest risk of mortality; the 
preferred use of the nucleos(t)ide analogues with 
a high barrier to drug resistance for first- and 
second-line treatment; lifelong treatment in those 
with cirrhosis; and regular monitoring for disease 
progression and toxicity of drugs and early detec-
tion of liver cancer.

As there is no vaccine for hepatitis C, the pre-
vention of HCV infection depends mainly on 
reducing the risk of exposure in higher-risk 
populations and through sexual contact. Therefore, 
the provision of effective harm-reduction services 

to people who inject drugs, including sterile 
injecting equipment, and the promotion of cor-
rect and consistent use of condoms are important. 
Primary preventive interventions are also sug-
gested for healthcare settings including testing of 
donated blood for hepatitis C, safe and appropri-
ate use of healthcare injections, safe handling and 
disposal of sharps and waste, and training of 
health personnel.

For people infected with HCV, WHO recom-
mends early and appropriate medical manage-
ment including antiviral therapy if appropriate 
and regular monitoring for early diagnosis of 
chronic liver disease. The assessment for antivi-
ral treatment should be implemented for all adults 
and children with chronic HCV infection. All 
patients with hepatitis C are recommended by 
WHO to be treated with direct-acting antivirals 
(DAA)-based regimens, except for a few specific 
groups of people in whom interferon-based regi-
mens can still be used.

WHO does not have specific recommenda-
tions for hepatitis D.  However, the WHO sug-
gests that prevention of HBV transmission by 
hepatitis B immunization, safe injection prac-
tices, blood safety, and harm-reduction services 
with clean needles and syringes are effective in 
preventing HDV transmission. Currently, the 
vaccine against HBV is the method of choice to 
prevent HDV infection; however, it does not pro-
tect against HDV infection for those already 
infected with HBV. Passive immunoprophylaxis 
with hepatitis B immunoglobulin does not confer 
any protection against HDV infection, unless it 
controls the spread of HBV infection. In chil-
dren, universal vaccination remains the funda-
mental method of prevention. It is prudent to 
check for adequate immunity to HBV after vac-
cination in children with household members 
known to have HDV infection, in order to inhibit 
intrafamilial transmission.

There is still no specific treatment for acute or 
chronic HDV infection. Although persistent 
HDV replication is the most important predictor 
of mortality and the need for antiviral therapy, the 
ultimate goal for eradication of HDV should be 
the clearance of HBsAg [170]. Oral antivirals 
against HBV showed little or no effect on HDV 

H.-I. Yang et al.



47

replication when used alone. Interferon-alpha- 
based therapy is the only drug effective against 
HDV [146, 171]. However, the overall rate of 
sustained virological response remains low, and 
most patients relapse after discontinuation of 
therapy. The optimal duration of therapy is not 
well defined, and more than 1  year of therapy 
may be necessary. Patients with fulminant hepati-
tis due to coinfection or superinfection with HDV 
did not respond to interferon-alpha therapy, and 
liver transplant is the only option for such patients 
[172]. New therapeutic agents and strategies for 
HDV infection are needed.

3.5 Summary

This chapter has provided a global view for hepa-
titis B, C, and D, in terms of worldwide distribu-
tion, transmission route, long-term consequences, 
and preventive measures.
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Mother-to-Infant Transmission 
of Viral Hepatitis
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Abstract
Hepatitis virus infection is often initiated in 
infancy or childhood. Mother-to-infant trans-
mission is an important transmission route for 
a large number of patients, with subsequent 
chronic hepatitis and associated long-term 
complications including cirrhosis, liver can-
cer, and mortality. In the past 30 years, mea-
sures to prevent mother-to-infant transmission 
have been investigated extensively especially 
in hepatitis B virus infection, including screen-
ing of pregnant women with HBsAg and/or 
HBeAg, neonatal immunization with HBV 
vaccines and hepatitis B immunoglobulin, and 
postimmunization surveillance for children 
with breakthrough infection. For up to 10% of 
infants born to HBsAg-/HBeAg-positive 
mothers, neonatal immunization may not offer 
effective protection, and these infants may 
become chronically infected. Recently, stud-
ies have shown that short-term antiviral 
therapy for HBV-infected pregnant women 
with a high viral load has effectively prevented 
mother-to-infant transmission. Mother-to- 
infant transmission of hepatitis C virus occurs 
in about 5% of HCV-infected mothers. 
Screening of pregnant women for HCV is still 

a controversial issue because no effective 
preventive measure is currently available. 
Surveillance of children born to HCV-infected 
mothers is recommended. Acute HAV and 
HEV infection in pregnant women is rare, but 
these infections should be considered when 
icteric illness occurs in pregnant women. HAV 
vaccination helps to decrease the susceptible 
population. Acute HEV infection in pregnant 
women frequently leads to fulminant hepatic 
failure, with a high mortality rate for the 
mother, fetus, and neonates. Most reported 
cases occurred in an endemic area. Safe drink-
ing water, public health improvement, and 
newly developed HEV vaccines are effective 
measures to prevent infection. In conclusion, 
efforts toward interrupting mother-to-infant 
transmission of viral hepatitis will effectively 
improve maternal/fetal/neonatal outcomes, as 
well as preventing a large population in the 
world with chronic hepatitis and associated 
complications.
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4.1  Introduction

Neonates and infants whose livers are immature 
and whose immune systems are still developing 
are prone to infection by hepatitis viruses includ-
ing hepatitis A virus (HAV), hepatitis B virus 
(HBV), hepatitis C virus (HCV), and hepatitis E 
virus (HEV) (Table 4.1). Some may develop acute 
hepatitis leading to neonatal mortality. But most 
importantly, many patients develop chronic infec-
tion that persists lifelong, causing subsequent 
chronic hepatitis and associated complications 
including cirrhosis, liver cancer, and mortality. 
Mother-to-infant transmission mainly occurs at 
three time points: intrauterine, peripartum, and 
the postnatal period. Preventive measures to inter-
rupt mother-to-infant transmission have been 
investigated extensively in the past 30 years and 
have changed the epidemiology of viral hepatitis 
in the world. There are still challenges to improve 
the management of mother-to- infant transmission 
of viral hepatitis. This chapter will focus on the 
prevalence, risks, and management of mother-to-
infant transmission of hepatitis viruses that cause 

chronic infection (HBV, HCV) and acute infec-
tion (HAV, HEV) of the host.

4.2  Mother-to-Infant 
Transmission of Hepatitis B 
Virus

Before the era of HBV immunization, it has been 
well recognized that most chronic hepatitis B 
infection is from mother-to-infant transmission. 
The earlier the age of infection, the higher the 
chance of becoming chronic infected. 
Approximately 50–90% of children infected 
before 1 year of age became chronic carriers [1]. 
Children born to HBsAg-  and  HBeAg-positive 
mothers have a 90% chance of becoming chronic 
HBsAg infected; children born to HBsAg- 
positive, HBeAg-negative mothers have a 
10–40% chance of developing chronic infection 
[2–5]. Maternal HBV transmission is the major 
source of infection in those with chronic HBV 
infection and in hepatocellular carcinoma patients 
in endemic areas [6].

Table 4.1 Mother-to-infant transmission of various common types of viral hepatitis

Rate of mother-to- 
infant transmission Risk factors Outcomes Intervention

Children 
surveillance for 
infection

HAV Rare Maternal acute HAV 
before delivery

Self-limited Isolation of index 
newborn and 
prevention of 
horizontal spread

IgM anti-HAV at 
birth

HBV 5–10% children 
born to HBeAg+ 
mothers; <0.5% 
children born to 
HBeAg- mothers in 
immunized children

HBeAg positivity; 
maternal viral load; 
maternal-fetal blood 
leakage; host factors

 Chronic HBV 
infection;
may develop 
acute/fulminant 
hepatitis in rare 
cases born to 
HBeAg- mothers

Maternal 
screening; 
maternal antiviral 
therapy since the 
3rd trimester; 
neonatal 
immunization

HBsAg at 12mo 
or anytime when 
symptomatic

HCV 5% Unknown Resolving 
infection or 
chronic infection

Nil Anti-HCV ≥ 18 
mo or HCV RNA 
anytime when 
indicated

HEV High (~100%) with 
maternal HEV 
RNA(+)

Endemic area, 
maternal acute 
symptomatic HEV 
infection

Neonatal 
mortality or acute 
resolving disease

Supportive 
medical care for 
acute hepatitis

IgM anti-HEV or 
HEV RNA

Low (~0%) with 
maternal HEV 
RNA(−)
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Even after the implementation of universal 
immunization coverage, the majority of children 
with breakthrough HBV infection acquire infec-
tion from mother-to-infant transmission [7]. 
Despite optimal protection from HBIG at birth 
and 3–4 doses of HBV vaccines, HBV infection 
still occurs in children born to HBeAg-positive 
mothers, with infection rates ranged 5–10% [7–
9]. Children born to HBeAg-negative mothers 
have a very low risk of HBV infection below 
0.3% but may develop acute or fulminant hepati-
tis during infancy [7, 10].

Mother-to-infant transmission of HBV usu-
ally occurs in the perinatal period, or more pre-
cisely, during the intrauterine, peripartum, or 
postnatal period (Fig.  4.1). The majority of 
mother-to-infant transmission of HBV occurs 
during the peripartum period. Exposure of mater-
nal blood through maternal-fetal hemorrhage or 
direct contact of newborns with infected maternal 
secretions and blood during labor is the most 

common route of transmission. Of note is that 
HBV infection has an incubation time of 
30–180 days; therefore the infant who acquires 
HBV from his mother is usually detected as 
HBsAg-positive several months after viral 
transmission. In this regard, neonatal immuniza-
tion starting after birth can prevent most 
mother-to-infant infection of HBV.  There are 
several terms commonly used which are similar 
to “mother-to-infant transmission (MTIT),” includ-
ing “mother-to-child-transmission (MTCT)” and 
“vertical transmission,” although we consider the 
most appropriate term to be “mother-to-infant 
transmission (MTIT)” of HBV because the 
timing of transmission most likely occurs in the 
peripartum period. The prophylaxis strategies 
including maternal antiviral therapy and neonatal 
immunization both focus on preventing peripartum 
transmission. Horizontal transmission beyond 
1 year of age is a rare event in children who have 
received immunoprophylaxis.

12m6m1m
1st trimester 3rd trimester2nd trimester

Maternal antiviral treatment

Infant immunization

Intrauterine infection

Peripartum infection

Postnatal infection

Delivery

HBIG V1 V2 V3

Age

Fig. 4.1 Different timing (intrauterine, peripartum, post-
natal) of mother-to-infant transmission of HBV. 
Intrauterine infection occurs in the second trimester or 
early third trimester, and the infant is detected to have 
positive HBsAg at the time of birth [11]. Most mother-to-
infant transmission occurs at peripartum period during the 
process of labor. Therefore neonatal immunization and 
maternal antiviral treatment are effective in preventing 
HBV infection in children. Postnatal infection occurs 
after children are born and is a rare event in those receiv-
ing appropriate immunoprophylaxis

HBIG hepatitis B immunoglobulin
V1, V2, and V3: the first, second, and third doses of HBV 
vaccines 

: Time of viral exposure 

: incubation period

: time of infection (HBsAg positive)
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Intrauterine infection occurs in a much lower 
frequency than peripartum infection. The fetus 
may contract HBV from leakage of maternal 
blood through the placenta and already has estab-
lished HBV infection at the time of birth. The 
definition of intrauterine infection is HBsAg pos-
itivity in newborn’s blood within 24  h of birth 
[11] which persists thereafter. However, because 
of the high sensitivity of current diagnostic tests, 
some children may have low levels of HBsAg 
positivity at birth but will not become chronically 
infected. It is noteworthy that positive HBV DNA 
detected in newborn blood or cord blood cannot 
be used as a reliable marker for intrauterine infec-
tion. It may merely represent exposure to mater-
nal virus during the peripartum period or 
contamination of maternal blood at cord blood 
sampling.

Postnatal HBV infection in immunized chil-
dren is rare but possible, especially in those 
infants who do not have an adequate immune 
response after neonatal immunization [12]. 
Nonresponders (anti-HBs < 10 mIU/mL) or low 
titer responders (10–100 mIU/mL) to HBV vac-
cination have been found to be related to host 
HLA alleles [13].

4.2.1  Risk Factors of Mother-to- 
Infant Transmission 
of Hepatitis B Virus

It is known that most mother-to-infant HBV 
transmission occurs in mothers with HBeAg pos-
itivity. Maternal HBV DNA levels have been 
known to be associated with increased rates of 
mother-to-infant transmission even using earlier 
methods of detection [14, 15]. Many recent stud-
ies with more sensitive methods for detection of 
viral load have documented that the higher mater-
nal viral load, the higher the rate of children 
infected. The majority of reported cases of 
mother-to-infant HBV infection occurred in 
mothers with  viral loads above 107–108 copies/
mL. A few cases with maternal viral load at 106–
107 copies/mL have been reported [16–20]. In a 
prospective study in Taiwan, there was a statisti-
cally significant risk of infants acquiring HBV 

infection when the maternal viral loads were 
above 107 copies/mL.  Rates of infants with 
chronic HBV infection with maternal viral load 
levels of 5, 6, 7, 8, and 9 log10 copies/mL were 
0.9% (95% confidence interval [CI], −0.9%–
2.7%; P = 0.334), 2.6% (95% CI, −1.1%–6.2%; 
P  =  0.165), 6.6% (95% CI, 0.5%–12.6%; 
P  =  0.033), 14.6% (95% CI, 5.6%–23.6%; 
P = 0.001), and 27.7% (95% CI, 13.1%–42.4%; 
P  <  0.001), respectively [17] (Fig.  4.2). Cases 
with maternal viral load at level of 106-7 copies/
mL may have additional risk factors to cause 
MTIT  such as prematurity or maternal-fetal 
blood leakage [17].

Maternal-fetal hemorrhage of various causes 
including threatened abortion, threatened pre-
term labor, amniocentesis, and antepartum hem-
orrhage is an important risk factor for HBV 
transmission to the infant. Vacuum or forceps 
delivery and emergent cesarean section are also 
associated with increased mother-to-infant HBV 
transmission rates [21–25]. Breastfeeding does 
not increase infection rates in those infants with 
appropriate immunoprophylaxis, including hepa-
titis B immune globulin and hepatitis B vaccine 
[26–28]. It is recommended from the World 
Health Organization and Centers for Disease 
Control and Prevention of the United States that 
HBV-infected mothers can breastfeed their 
infants with neonatal immunization [29, 30].

Host factors of children also may affect 
immune responses and thus affect HBV infection 
rates. HLA-DR14-DR52 has been noted to be 
associated with low responsiveness to HBV vac-
cine [31–33].

Although HBV surface gene mutants in the 
a-determinant have been found in children after 
universal immunization [34, 35], with prevalence 
rates of 22.6% [36, 37], these mutants have not 
been found to affect vaccine efficacy. A trend of 
genotype shift has also been observed, with an 
increased percentage of HBsAg-positive children 
born to mothers with genotype C [38]. Whether 
this is related to higher risk of genotype C in 
mother-to-infant transmission or merely reflects 
higher maternal viral load is not clear.
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4.3  Mother-to-Infant 
Transmission of Hepatitis C 
Virus

Mother-to-infant transmission occurs in around 
5% of mothers positive for anti-HCV and about 
10% in mothers with HCV/HIV coinfection [39–
41]. Maternal HIV coinfection has been the most 
important determinant of transmission, with an 
odds ratio of 2.56 in meta-analysis [40]. Mother-
to- infant transmission is the major source of 
infection for childhood HCV infection in the era 
of effective blood product screening. The time of 
transmission may be intrauterine, intrapartum, or 
postnatal period.

Risk factors for mother-to-infant HCV trans-
mission include high maternal viral load above 
106  IU/mL [42–44], HIV coinfection [45, 46], 

prolonged labor, and use of internal fetal moni-
toring during labor [45]. The route of delivery 
has not been shown to influence the risk of ver-
tical HCV transmission in meta-analysis [47], 
although one study has shown a reduced risk of 
transmission after cesarean delivery vs vaginal or 
emergent delivery [48]. Cesarean delivery is cur-
rently recommended only for obstetric indications 
in women with HCV infection [44, 47]. 
Breastfeeding was not found to carry an increased 
risk of mother-to-infant HCV infection [49].

There has been no apparent increased risk of 
obstetric complications in HCV-infected women 
during pregnancy and delivery. In a cohort study 
of 244 infants born to HCV-positive mothers, 
4.7% (9/190) born to HCV RNA-positive mothers 
became infected, compared with 0/54 infants 
born to HCV RNA-negative mothers (P = 0.10). 

Fig. 4.2 (a and b) Viral 
load distribution in 
HBsAg mothers with 
HBeAg(−) and 
HBeAg(+); (c) 
predictive rates of 
children with HBV 
infection at various 
maternal HBV DNA 
levels. Significantly 
increased rates of infants 
with chronic HBV 
infection are observed 
with maternal viral load 
levels at 7, 8, and 9 log10 
copies/mL (P = 0.033, 
P = 0.001, and 
P < 0.001, respectively). 
(Reproduced with 
permission from 
Ref. [17])
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Three infected children resolved their infection 
(became HCV RNA negative) [45]. In a prospec-
tively followed group of 11 infants born to HCV- 
infected mothers, 2 were found to be infected. 
One of the two had hepatitis C virus RNA at the 
age of 1, 3, and 6 months, but not later. The other 
infant had hepatitis C virus RNA detectable at the 
age of 3 months and at 15, 18, and 24 months. In 
those infants born to HCV-infected mothers who 
did not develop chronic infection, maternally 
acquired anti-HCV gradually disappeared by the 
age of 6  months. The course of HCV-infected 
children may be characterized by fluctuating 
viral replication in chronic infection or viral 
clearance in acute infection [50]. It is notable that 
anti-HCV positivity before 12 months of age may 
be transplacental maternal antibody and cannot 
be used as a marker for diagnosing infant with 
mother-to-infant transmission of HCV.

The American Academy of Pediatrics recom-
mends that infants born to HCV-infected mothers 
should be tested for anti-HCV at or after 18 
months of age. For children positive for anti- 
HCV, an additional testing for  HCV RNA 
(HCV  viral load) is recommended. In infancy, 
HCV RNA is a more reliable marker for detect-
ing infection than is anti-HCV antibody testing.

4.4  Mother-to-Infant 
Transmission of Hepatitis 
A Virus

HAV infection, which is endemic in many coun-
tries in the world, causes acute hepatitis or 
asymptomatic infection, but not chronic infection. 
Transmission of HAV is almost exclusively 
horizontal by the fecal-oral route. Acute hepatitis 
A accounts for <2% of hepatitis cases in pregnant 
women [51]. Mother-to-infant transmission of 
HAV is a rare event.

Acute hepatitis A in pregnancy has been 
generally considered as not leading to severe 
outcomes or complications. However, in a large 
case series, it was reported that 69% of pregnant 
women with acute hepatitis A infection had high 
rates of obstetric complications, including 
premature contraction, placental separation, 

premature rupture of membrane, and preterm 
labor. The newborns’ outcomes were favorable [51].

Intrauterine infection of HAV has been 
reported to occur during as early as gestational 
age 13–20 weeks, with one case of fetal meco-
nium peritonitis reported [52]. Acute hepatitis A 
in the late stage of pregnancy may cause infec-
tion of newborns. Infected newborns may develop 
self-limiting icteric hepatitis followed by recov-
ery [53–55]. Transplacental-acquired maternal 
IgG antibodies are considered to have a protec-
tive role. In rare situations, transmission has been 
reported to occur in pregnant women infected 
4 months prior to delivery; in that case, a mutated 
viral strain was identified [56]. An outbreak in a 
neonatal unit was reported from vertical trans-
mission with horizontal spread [57]. Isolation of 
the HAV-infected newborn to prevent horizontal 
spread is recommended. Attendant healthcare 
personnel should be immunized for HAV.

The main measure to manage mother-to-infant 
HAV infection is to identify mothers with icteric 
illness or acute hepatitis who are positive with 
IgM anti-HAV.  Once the mother is diagnosed 
with acute HAV, isolation of her newborn and 
appropriate infection control for the neonatal unit 
is required.

4.5  Mother-to-Infant 
Transmission of Hepatitis E 
Virus

Acute hepatitis E in pregnant women in endemic 
areas results in significant mortality in mothers, 
fetus, and newborns. Prevalence rates differ in dif-
ferent geographic areas. Most cases were reported 
in Asia, Africa, Latin America (genotype 1), sub-
Saharan Africa, and Mexico (genotype 2), 
acquired via fecally contaminated water [58]. 
Zoonotic HEV strains (genotype 3 and 4) have 
more recently been identified in developed coun-
tries and in immunocompromised patients [59–
61]. In India, HEV infection accounts for 60% of 
acute viral hepatitis in pregnant women [62].

In 55% of pregnant women, acute hepatitis E 
may results in fulminant hepatic failure (FHF). In 
pregnant women with FHF, the mortality was 
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high (41%), as was the rate of intrauterine fetal 
death (58%) [62]. Women with HEV infection 
were more likely than those with other forms of 
viral hepatitis to have obstetric complications 
including antepartum hemorrhage, intrauterine 
fetal death, preterm delivery, and stillbirth [62]. 
The presence of systemic inflammatory response 
syndrome (SIRS) has been commonly observed 
in the fatal cases [63].

HEV infection is commonly transmitted from 
mother-to-fetus and causes high neonatal mortality. 
HEV infection in surviving infants is self- limiting 
with short-lasting viremia. In one study in India, 
15/19 (78.9%) of newborns born to acute HEV-
infected mothers had evidence of vertically trans-
mitted HEV infection at birth (IgM anti-HEV or 
HEV RNA positive), and three had short-lasting 
IgG anti-HEV positivity because of transplacental 
antibody transmission. HEV- infected babies devel-
oped icteric or non-icteric hepatitis. Seven died in 
the first week of birth. All surviving babies had 
self-limiting disease, with HEV RNA undetected 
after 4–32 weeks of age [64].

These cases call attention to the importance of 
screening for HEV in pregnant women with 

icteric illness. The diagnosis of maternal and 
infant HEV infection relies largely on IgM anti- 
HEV and HEV RNA.

4.6  Pregnant Women Screening 
and Intervention

HBV Screening of pregnant women has been 
implemented in many countries together with 
universal neonatal immunization for many years. 
The screening for HBV infection is, mainly to 
select high-risk newborns for HBIG administra-
tion, in addition to three doses of HBV vaccines 
for all infants. There have been two types of 
maternal HBV screening: HBsAg alone or 
HBsAg with HBeAg (Table  4.2). The HBsAg/
HBeAg strategy may increase the budget for 
pregnant women screening but saves costs of 
HBIG. Unfortunately total elimination of mother- 
to- infant HBV transmission has not yet been 
achieved in the high-risk group with maternal 
HBeAg positivity and high viral load despite 
optimal practice of universal immunization for 
more than two decades.

Table 4.2 Current pregnant women screening and universal infant hepatitis B virus (HBV) immunoprophylaxis strate-
gies in different countries and a proposed maternal intervention/children surveillance program that can be linked to 
current strategy

Strategy 
type

Pregnant women screening 
and intervention Neonatal immunization

Surveillance of children with risk of 
breakthrough infection by HBsAg at 
12–18 months

HBsAg/HBeAg 
(high-risk group 
selection)

HBV 
DNA/
AVTb

HBV 
vaccines to 
all infants

HBIG to 
high-risk 
groupc

All children born to 
HBsAg + mothers

All children 
born to HBeAg 
+ mothers

I +/− (+) + + +

IIa +/+ (+) + + +
III −/− − + − − −

Examples of applied countries: strategy type I, USA, Italy, Korea; strategy type II, Taiwan, Singapore; strategy type III, 
Thailand
aIn strategy type II, simultaneous or sequential HBsAg and HBeAg tests can be applied. For example, all pregnant 
women are screened with HBsAg and HBeAg at the same time, or all pregnant women are screened for HBsAg and with 
HBeAg tested only in those positive for HBsAg; the latter strategy is budget-saving
bHBV DNA testing and antiviral therapy (AVT) is a potential strategy for population-based pregnant women interven-
tion that can be linked to current pregnant women screening, including HBV DNA test for high-risk group mothers and 
AVT for those who meet the criteria for intervention
cHBIG is given to high-risk group according to pregnant women screening strategy. In strategy I, HBIG is given to 
newborn born to all HBsAg(+) mothers; in strategy II, HBIG is given to newborn born to HBsAg(+)/HBeAg(+) 
mothers
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In the recent decade, there have been increasing 
numbers of clinical trials using antiviral therapy 
(AVT) in pregnant women for prevention of 
mother-to-infant transmission of HBV, following 
the successful maternal intervention to prevent 
mother-to-infant HIV infection. The early trials 
used lamivudine (pregnancy category C) in high 
viral load mothers starting from late pregnancy, 
resulting in decreased rates but not totally pre-
vention of infant HBV infection [65, 66]. 
Subsequently, since the wide application of cate-
gory B antivirals including telbivudine and teno-
fovir, more studies of better quality have 
demonstrated a significant effect of AVT in pre-
venting mother-to-infant HBV transmission. 
Because newer AVT can rapidly decrease mater-
nal viral load in 8  weeks, most studies started 
AVT in pregnant women in the 3rd trimester 
(28–32 weeks of gestation), with an aim of reduc-
ing the maternal viral load to lower than 106 IU/
mL at the time of delivery, which is considered a 
minimal risk to transmit HBV to newborns dur-
ing the peripartum period [12, 18, 67–69].

The current recommendations for selecting 
pregnant women for maternal AVT are based on 
reported cases of mother-to-infant transmission 
and on related clinical trials of AVT in pregnant 
women. The cutoff of maternal HBV DNA levels 
eligible for pregnant women AVT of the clinical 
trials ranged from 6 to 8 log10 copies/mL (approx-
imate 5.5–7.5 log10 IU/mL). Although the major-
ity of infected children were born to mothers with 
viral load above 8 log10 copies/mL, few cases 
were reported to occur with maternal HBV DNA 
around 6 log10 copies/mL, possibly due to addi-
tional risk factors causing exposure of the infant 
to maternal blood or due to variations in labora-
tory methods used. The current recommendation 
from AASLD; ESPGHAN; APASL; Australian, 
UK, and NZ leaders; and the Society for 
Maternal-Fetal Medicine (SMFM) is to treat 
pregnant women with variable viral load cutoff 
levels: >200,000  IU/mL (AASLD, EASL), >6 
log10 IU/mL (ESPGHAN), >6–7 log10 IU/mL 
(APASL), >7 log10 IU/mL (Australian, UK, and 
NZ leaders), and >6–8 log10 copies/mL (SMFM), 
respectively [70–75]. The lower the cutoff value, 

the larger the population of HBV-infected preg-
nant women is to be included in AVT treatment.

A systematic review and meta-analysis have 
shown that AVT improved HBV suppression and 
reduces mother-to-infant transmission in women 
with chronic HBV infection with a high viral 
load. The use of telbivudine (category B), lami-
vudine (category C), and tenofovir (category B) 
appears to be safe in pregnancy with no increased 
adverse maternal or fetal outcome [76]. 
Telbivudine and tenofovir have the advantage of 
category B and a shorter duration to achieve 
maternal viral reduction than lamivudine. 
Tenofovir has the advantage of minimal risk of 
drug resistance in long-term follow-up and no 
increase in the rates of birth defects (data of 
Antiretroviral Pregnancy Registry) when it was 
used starting since first/second or third trimester 
[77–79]. It is noted that since 2015, FDA has 
replaced the previously used pregnancy risk cat-
egories A, B, C, D, and X with narrative sections 
including pregnancy exposure registry and risk 
summary. The pregnancy letter category will be 
removed in updated drug labels.

For mothers with HIV/HBV coinfection, 
maternal AVT treatment with either lamivudine 
alone, tenofovir/lamivudine, or tenofovir/emtric-
itabine has resulted in desirable maternal HBV 
viral load reduction and may protect children 
from HBV infection when combined with neona-
tal HBIG and HBV vaccines after birth [80, 81].

Several issues should be discussed with the 
mothers before starting the AVT in pregnancy. It 
is noted that AVT in pregnant women may not 
completely eradicate mother-to-infant transmis-
sion, especially intrauterine infection, and in 
cases with poor immune response to HBV vac-
cines [12]. Multivariate analysis has revealed that 
children in the maternal TDF group had a lower 
risk (odds ratio 0.10) of infection compared to 
control group. The higher the maternal viral load, 
the higher the chance of children to be infected; 
therefore the use of AVT in pregnant mothers is 
more strongly recommended [17].

Safety for mothers and children is a great con-
sideration for a wide application of this strategy. 
During the treatment course in pregnancy, most 
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commonly reported side effects are gastrointesti-
nal complaints such as nausea/vomiting or allergic 
reactions. Most are self-limited in 1–2 weeks, and 
very few cases reported intolerable side effects 
necessitating discontinuation of treatment. 
Another important issue is the time to stop mater-
nal treatment after delivery, which may be closely 
related to postpartum maternal ALT elevations. In 
a control group of mothers with high viral loads 
who were not receiving AVT, the ALT level tended 
to elevate within 1–4 months postpartum, possibly 
due to hormonal changes after delivering the 
infants [12]. To prevent maternal ALT flares after 
delivery due to stopping AVT and potential liver 
injuries associated with viral load rebound, most 
of the AVT trials stopped the maternal drug 
1–3 months after delivery. There have been con-
flicting reports of rates of maternal ALT flare 
between studies. One well-controlled and closely 
followed study showed a reduced frequency and 
extent of ALT elevation in the AVT group com-
pared to controls [12]. A recent randomized con-
trolled trial showed a higher rate of ALT elevation 
[69]. Another study showed no significant differ-
ences [82]. The discrepancy between studies 
mainly is the definition of ALT elevation or ALT 
flare and timing and frequency of follow-up. In 
general, there has been no severe adverse compli-
cation reported for the HBV mothers receiving this 
short-term AVT. Most ALT elevations postpartum 
are self- limited. For cases with ALT elevations 
during the period of AVT treatment, an option to 
continue AVT as a regular hepatitis case until 
HBeAg conversion may be considered. In patients 
with normal ALT during AVT but with ALT flare 
postpartum, reinitiating AVT for the mothers’ own 
liver disease can be considered. These options 
should be carefully discussed with the mothers by 
the specialist.

The safety of infants born to mothers receiv-
ing AVT during pregnancy is an important con-
sideration. Although the current trials have all 
shown no increase in the birth defects rates in the 
newborn, long-term follow-up data is lacking. 
Long-term follow-up of the children whose 
mothers received AVT during pregnancy should 
be done including effects on growth and develop-
ment or other complications, the children’s 

immune responses to vaccines, and rates of hori-
zontal or occult HBV infection.

As for obstetric interventions, some studies 
have demonstrated a higher infection risk with 
amniocentesis especially in mothers with viral 
load above 7 log10 copies/mL [21] and a lower risk 
of infection with elective cesarean section com-
pared with vaginal delivery or emergent cesarean 
section [25]. There are still controversies, and a 
routine recommendation for changing the obstet-
ric procedure is not suggested [74]. According to 
the recommendation of SMFM, for HBV-infected 
women who have an indication for genetic testing 
and invasive testing (e.g., amniocentesis or chori-
onic villus sampling), counseling should include 
the fact that the risk for maternal-fetal transmis-
sion may increase with HBV viral load >7 log 

10  IU/mL.  Cesarean delivery should not be per-
formed for the sole indication for reduction of 
vertical HBV transmission [70].

Prenatal administration of HBIG to pregnant 
women to reduce mother-to-infant transmission 
has been evaluated in several studies in China. 
Pregnant women received multiple dosing of 
HBIG intravenously beginning at 28–32  weeks 
of gestation. A meta-analysis revealed that infants 
in the maternal HBIG group had a lower rate of 
HBsAg positivity (OR  =  0.33, 95% CI, 0.21–
0.51, P < 0.01, from 9 RCTs), but some adverse 
reactions have been reported [83]. This strategy 
is rarely adopted outside of China.

Although there is no evidence that breastfeed-
ing increases HBV infection rates in immunized 
infants, breastfeeding was not recommended 
when mothers are using AVT, due to unpredicted 
drug exposure and effects in the newborns. It was 
recommended that breastfeeding be held during 
the first month when mothers are still on AVT 
and be resumed after stopping the drug. However, 
emerging evidence in HIV mother-infant pairs 
have shown negligible amounts of tenofovir 
excreted in breast milk (less than 3% of mother’s 
serum concentration); <0.01% of therapeutic 
dose was absorbed in the newborn. Tenofovir 
was not detected in 94% of infant plasma sam-
ples, suggesting tenofovir can be used safely dur-
ing breastfeeding with minimal infant drug 
exposure [74, 84, 85]. The other option is to con-
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sider stopping the AVT earlier than 4 weeks post-
partum, which requires further studies to confirm 
safety for the mothers. The latest recommenda-
tions from AASLD, EASL, and Australian, UK, 
and NZ leaders have indicated that breastfeeding 
is not contraindicated for women under AVT 
[73–75]. With more evidence on data of infants’ 
long-term safety, it is anticipated that the issue of 
breastfeeding for mothers on AVT will be clearer 
in the near future.

It is worth noticing that the strategy of screen-
ing pregnant women for HBV is closely linked to 
subsequent measures for interrupting mother-to- 
infant transmission, including selection of cases 
for AVT, newborn immunization strategies 
(selection of high risk newborns to receive 
HBIG), as well as screening of high-risk children 
for HBsAg positivity, as shown in Fig.  4.3 and 
Table  4.2. The cost-benefit of each strategy 
should be thoroughly considered based on each 
country’s seroprevalence rate, mother-to-infant 
transmission rates, the budget available for 
screening, HBIG, vaccines, and laboratory tests. 
The high cost of HBV DNA testing of eligible 
mothers may have great financial impact on 
maternal screening, added on the subsequent 
AVT treatment cost. Budget-saving methods for 
population-based testing to select mothers eligi-
ble for treatment but not to over-expand the treat-
ment population have been studied. The 
quantitative HBsAg level has been proposed to 
be an alternative method that will predict mother- 
to- infant transmission. Base on the prediction, 
AVT may be considered in pregnant women with 
an HBsAg level above 4–4.5 log10 IU/mL [86]. 
Alternatively, treatment can be given to all 

HBsAg-/HBeAg-positive women, without con-
sidering HBV DNA levels. This practice has been 
evaluated in a randomized controlled trial [87]. 
High viral load mothers (>106 copies/mL) are 
estimated to account for 80% of all HBeAg- 
positive mothers, and the rate may vary among 
different countries. This strategy may reduce the 
cost of HBV DNA but will expand the pregnant 
population to receive AVT. The benefit and risk 
of this practice remain to be confirmed (Table 4.2).

HCV There have been debates about screening 
of target groups vs universal screening of preg-
nant women with anti-HCV, because of lack of 
preventive measures for mother-to-infant trans-
mission [47]. Prevalence of anti-HCV positivity 
in pregnant women varied among different coun-
tries and geographic areas and ranged from 0.1%–
2.4%. In a nationwide survey in the United States 
during 2011 to 2014, the detection of HCV infec-
tion among women of childbearing age increased, 
and the proportion of infants born to HCV-infected 
mothers increased from 0.19% to 0.32%, indicat-
ing the population at risk for mother-to-infant 
transmission of HCV increased [88].

Due to the recent progress in direct-acting 
agents (DAA) for effective treatment and cure 
of HCV infection, screening and management 
 strategies may evolve in the future. Currently, 
experience with any of these new DAAs in human 
pregnancy is lacking. Ribavirin is category X; 
sofosbuvir and ledipasvir are both category B 
drugs. Simeprevir monotherapy is a category C 
medication. Many new DAAs are expected to be 
available in the near future. The safety profiles of 

Screening Pregnant Women

Neonatal Immunization

Surveillance of children at risk at 12mo

Life-long follow-up; early treatment
HBsAg(+)

Maternal antiviral treatment* 

Fig. 4.3 Three steps to 
prevent and monitor 
mother-to-infant HBV 
transmission
*Maternal antiviral 
treatment is indicated 
in high risk group to 
prevent mother-to- 
infant transmission of 
HBV
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each drug will be carefully examined before eval-
uating a potential use in HCV in pregnancy [43].

For children born to mothers positive for HCV, 
postnatal surveillance for anti-HCV at or after 
age 18 months is indicated. HCV RNA is consid-
ered in children positive for anti-HCV or when 
testing at age 0–18 months is indicated.

HAV and HEV Identification of icteric hepatitis 
in pregnant women, especially in endemic areas 
of HAV and HEV infection, is most important. 
Zoonotic HEV strains should also be considered 
in non-endemic areas.

HAV vaccine is safe, effective, and widely 
applicable and should be given to all susceptible 
populations before pregnancy. Universal HAV 
vaccination in endemic countries may decrease the 
susceptible population of pregnant women and 
decrease the sources for horizontal infection [89].

The main measure to prevent HEV infection is 
to provide safe drinking water, which requires 
great efforts from the governments. Public health 
education and hand washing may decrease the 
chance of horizontal spread. Early detection of 
icteric illness and availability of medical care 
will improve the outcome of infected women and 
children. The newly developed HEV vaccines 
may decrease the disease burden in the future in 
applicable areas [90, 91]. Limited data regarding 
the safety and efficacy of HEV vaccines in preg-
nant women have been reported [92]. Further 
studies are warranted.

4.7  Summary

In summary, recent advances in preventing 
mother-to-infant transmission of HBV have sev-
eral steps including pregnant women screening 
of HBsAg with or without HBeAg, pregnant 
women antiviral therapy in high viral load moth-
ers, neonatal immunizations (HBIG and HB vac-
cines), and postimmunization surveillance of 
high-risk children at age 12  months. The HBV 
DNA cutoff, treatment, and follow-up protocol 
for maternal HBV AVT will be optimized, and 

long-term safety of mothers and children will be 
elucidated in future studies. A goal of global 
elimination of HBV will be anticipated with 
effective interruption of mother-to-infant trans-
mission. For HCV infection, there have been 
controversies in whether to screen pregnant 
women for anti-HCV or not. For children born to 
mothers positive for HCV, postnatal surveillance 
for anti-HCV at age 18 months or older is indi-
cated. Future development of safe and effective 
oral therapy for HCV infection will shed light on 
mothers and children infected with HCV.  Safe 
drinking water and public health improvement 
are of great importance to prevent HAV and HEV 
infection. Universal HAV infection is effective in 
decreasing the population of susceptible pregnant 
women for acute HAV infection. The newly 
developed HEV vaccines may decrease the dis-
ease burden in endemic areas in the future.
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Abstract
Hepatitis A virus (HAV) infection is one of 
the most common causes of acute viral hep-
atitis worldwide. HAV is transmitted mainly 
by person-to-person and spread by the fecal-
oral route. Public health measures, includ-
ing improved sanitation and hygiene, are the 
main factors leading to the reduction in the 
incidence of HAV infection in developing 
countries. The symptoms of HAV infection 
in children are varied, from asymptomatic 
to nonspecific (fever, lethargy) and to acute 
hepatitis and fulminant hepatitis. HAV 
infection is more severe in persons with 
underlying chronic liver disease. Because 
infection is usually spread silently by 
asymptomatic and very young children, out-
breaks of infection commonly occur in  
diapered infants in childcare centers. When 

HAV infection occurs, public health organi-
zations should be involved. Serological test-
ing for IgM anti- HAV antibodies combined 
with molecular techniques for detecting 
HAV RNA are valuable techniques for the 
diagnosis of early-stage infection, leading 
to timely management of disease outbreaks. 
Advanced molecular techniques, including 
reverse transcription- polymerase chain 
reaction (RT-PCR), or real-time RT-PCR are 
very sensitive for the detection of HAV 
RNA and viral genotype by sequencing, 
either in suspected cases or in the environ-
ment as sources of infection. Treatment of 
acute hepatitis A is symptomatic. An HAV 
vaccine was licensed in 1995, which, in 
many countries, led to the recommendation 
for universal vaccination of young children, 
following which, the incidence of HAV 
infection has greatly reduced. Apart from 
rapid HAV detection and immunization pro-
grams, other strategies to prevent childhood 
outbreaks of HAV infection include health 
education, prevention of contact with the 
infection, improved sanitation campaigns, 
and post-exposure prophylaxis. Ideally, to 
eradicate HAV infection, universal immuni-
zation would be the goal.
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5.1  Background

The incidence of hepatitis A virus (HAV) infec-
tion has declined in both Western and Eastern 
countries since the HAV vaccine became avail-
able in the 1990s [53, 131]. HAV vaccination 
programs aimed for universal immunization in 
children in many countries including the United 
States, [130] Latin America, Italy, Spain, Israel, 
[24] and Turkey [15]. Public health initiatives to 
improve hygiene, sanitation, and overall quality 
of life have reduced the likelihood of HAV trans-
mission from the environment and have reduced 
the rate of infection. However, despite lowering 
the incidence of cases of hepatitis A, there have 
been continued outbreaks of infection, which 
have resulted in a significant public health prob-
lem [83, 99, 132]. To reduce and eliminate spo-
radic outbreaks of hepatitis from HAV infection, 
rapid diagnosis, management, and prevention of 
this disease with effective health and sanitation 
education and immunization are considered to be 
primary public health measures. This chapter will 
focus on the clinical presentation and laboratory 
profile of HAV-infected children, methods of 
HAV detection, management, and prevention of 
HAV infection including during outbreaks.

5.2  Clinical Manifestations 
of HAV Infection in Children

The clinical manifestations and severity of HAV 
infection increase with increasing age. Most 
infections in young children under the age of 
6 years are asymptomatic, with the ratio of symp-
tomatic to asymptomatic cases being 1:3 [46] to 
1:13 [99] and the prevalence of asymptomatic 
cases being between 7% and 30% [21, 99]. The 
ratio of symptomatic to asymptomatic cases 
ranges from 1:1 to 1:3 [44] in primary school 
children, age 6–12 years old. Most of the infec-
tions in adolescents and young adults are symp-
tomatic [66] with symptoms varying from mild, 
icteric (jaundiced), and non-icteric to fulminant 
hepatitis (Fig.  5.1). Immunocompromised 
patients and those patients with chronic liver dis-
eases and cirrhosis are at increased risk of severe 

disease and death from fulminant HAV infection 
[17, 125]. There have been no cases of chronic 
HAV infection or congenital HAV infection 
reported so far [120, 121]. IgG anti-HAV anti-
bodies that cross the placenta may provide pro-
tection to the infant after delivery; however, HAV 
infection in pregnant women can precipitate pre-
term labor [120, 121].

5.2.1  The Clinical Spectrum of HAV 
Infection: Asymptomatic 
Cases

In asymptomatic cases, HAV infection is divided 
into subclinical and inapparent categories [22].

Subclinical infections are characterized as 
having biochemical changes consistent with hep-
atitis but without clinical symptoms.

Inapparent infections can be identified by pos-
itive serological findings for HAV with normal 
liver biochemistry profiles.

The prognosis for asymptomatic patients is 
good. However, asymptomatic individuals with 
HAV infection may spread the infection to others 
and may cause an outbreak of the disease.

5.2.2  The Clinical Spectrum of HAV 
Infection: Symptomatic Cases

In symptomatic cases of HAV infection, typical 
clinical manifestations are either icterus (jaun-
dice) or without icterus. Atypical manifestations 
of HAV infection also occur, as well as extrahe-
patic manifestations.

5.2.3  Typical Manifestations 
of Symptomatic HAV Infection

Typical HAV infection has a clinical course that 
may be divided into three phases: the incubation 
phase, which is usually 4  weeks (range 
2–7 weeks), the symptomatic period of infection 
(2 weeks–6 months), and the convalescent phase.

Typical clinical features of HAV infection fol-
low the incubation phase, 2–7 weeks following 
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contact with HAV. The prodromal symptoms, or 
nonspecific symptoms, of viral infection include 
fever, malaise, headache, myalgia, arthralgia, 
rash, and nonspecific gastrointestinal symptoms 
(nausea, anorexia, vomiting, abdominal discom-
fort, and diarrhea) that may last from several days 
to a week, followed by jaundice, dark urine, pale 
stools, right upper quadrant pain, and pruritus.

The clinical symptoms of rash and arthralgia 
in HAV infection have been shown to be due to 
immune complex deposition [26, 51, 52] and are 
found in between 7% and 8.8% [12] and 19% of 
cases, respectively [117, 121, 129]. The prodro-
mal symptoms usually diminish when jaundice 
appears. The clinical findings in the convalescent 
period can persist for 2 weeks to several months, 
but typically last for less than 3  months, and 
nearly all patients return to normal within 
6 months [121].

The most common prodromal symptoms of 
HAV infection are dark urine and gastrointestinal 
symptoms that include vomiting, abdominal 
pain, and diarrhea [15, 64, 121]. In a study of 
HAV infection in children, published in 2014 
[15], there was a significantly different incidence 
of abdominal pain, jaundice, dark urine, arthral-
gia, myalgia, pale stools, and pruritus in older, 

compared with younger, child age groups [15]. In 
the same study, it was reported that the most fre-
quent physical findings of HAV infection in chil-
dren were hepatomegaly and jaundice [15]. These 
common and well-recognized clinical presenta-
tions in children will lead the physician to sus-
pect HAV infection in a newly presenting index 
case, especially in endemic areas with a high 
incidence of HAV infection (Table 5.1).

Laboratory findings associated with HAV 
infection include marked elevation of serum 
aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) up to 500–5000  IU/dL 
with raised ALT predominating and preceding an 
elevation in serum bilirubin, which may exceed 
more than 171 μmol/L [54]. Serum aminotrans-
ferase levels usually return to normal within 
1 month after the onset of jaundice.

5.2.4  Atypical Manifestations 
of Symptomatic HAV Infection

In a recent study from Turkey [135], an atypical 
presentation was present in 12.8% of HAV- 
infected children, with symptoms including 
relapsing hepatitis, recurrent HAV infection, 
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 prolonged cholestatic hepatitis, fulminant hepatic 
failure, and autoimmune hepatitis.

5.2.5  Relapsing Hepatitis A

This form of clinical presentation has a preva-
lence of up to 20% in HAV-infected individuals 
[45]. Relapsing hepatitis is characterized by clin-
ical symptoms and signs of hepatitis that occur 
after 2–3  months following the first episode of 
HAV infection and includes a biphasic peak of 
elevated serum aminotransferases (ALT and 
AST) but rarely takes the form of multiple 
relapses. Relapse usually occurs within 3 months 
and is usually less severe than the first episode of 
hepatitis, so that most patients recover. The dura-
tion of relapsing hepatitis can be up to 40 weeks 
from the onset of the first episode of hepatitis 
with persistence of IgM anti-HAV antibodies 
throughout the clinical course [112], while 
plasma HAV viremia parallels the clinical and 

liver profiles during the disease [108]. The patho-
genesis of relapsing hepatitis results from an 
interaction between HAV and the immune sys-
tem [45]. For this reason, corticosteroid treat-
ment could be expected to improve the clinical 
outcome in patients with relapsing hepatitis when 
combined with the cholestatic form of HAV 
infection [45, 103]. However, corticosteroid 
treatment is not usually recommended because 
the prognosis of relapsing hepatitis is good, 
requiring only supportive care.

5.2.6  Fulminant and Sub-fulminant 
Hepatic Failure

Fulminant and sub-fulminant hepatic failures are 
a consequence of severe liver injury, associated 
with the development of hepatic encephalopathy 
within 8 weeks and 6 months, respectively. The 
incidence of fulminant hepatic failure in HAV 
infection varies from 0.1% to 1% but increases in 

Table 5.1 A summary of the characteristics of children presenting with symptomatic hepatitis A virus (HAV) infection 
in the 1980s–2010s

Data/region of study Turkey Indiaa Prague Thailand USA
Number 427 216 118 36 24
Age (year) 0–18 1–15 0–18 6–12 0–6
Symptoms (%)
Jaundice 73.7 97.2 71.3 80.6 0
Diarrhea 10.5 – 15.0 – 42
Nausea 80.5 67.9 25.0 52.0 50
Arthralgia 32.5 – 8.8 – 33
Malaise 90.6 – – 50.0 54
Emesis 56.9 75.4 47.5 52.0 20
Fever 24.3 82.4 67.5 97.2 50
Abdominal 77 44.9 47.5 15.0 25
Pain/discomfort – – – – 4
Rash 57.8 51.3 46.3 – –
Dark urine – 98.7 33.8 – 0
Hepatomegaly or tenderness 19.2 31.9 12.5 – –
Light-colored stool – – 6.3 – –
Headache – 25.7 31.3 50 –
Fatigue – 17.9 – – –
Splenomegaly – 6.9 – – –
Ascites – 2.6 – – –

[12, 15, 44, 58, 69, 115]
– no record
aCombined study from Kamath et al. and Kumar et al.
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patients with underlying chronic liver disease, 
including chronic hepatitis B virus or C virus 
infection [101, 106]. The prognosis of acute liver 
failure resulting from coinfection with HAV and 
chronic hepatitis B and C is poor, with or without 
liver transplantation [22]. When fulminant 
hepatic failure is due to HAV infection alone, the 
possibility of spontaneous recovery is reported to 
be greater than for fulminant hepatic failure from 
other causes [43, 93]. Up to 70% of patients with 
fulminant hepatic failure due to HAV infection 
may survive without transplantation, which may 
make it difficult to select candidates for liver 
transplantation or spontaneous recovery in this 
setting [43, 93].

However, there have been three main studies 
that have investigated the prognostic factors for 
liver transplantation in cases of fulminant hepa-
titis due to HAV infection. In 1989 [93], early 
indicators of poor prognosis in fulminant 
hepatic failure were established (the London 
criteria) with recommendations that patients 
with viral hepatitis should be referred for a 
transplant when the prothrombin time (PT) is 
more than 100 s or if they have three of the fol-
lowing factors: (1) age < 10 years or > 40 years; 
(2) duration of jaundice before the onset of 
encephalopathy is >7 days; (3) serum bilirubin 
is >300 μmol/L; or (4) prothrombin time (PT) is 
>50  s. In 1991 [11], a prospective study of 
patients under 30  years with hepatic encepha-
lopathy established criteria for emergency liver 
transplantation in patients with HAV infection 
and Factor V below 50% of normal. In 1997, 
Debray and colleagues [29] undertook a large 
study in children with acute liver failure due to 
HAV infection and found that a PT level that 
remained below 21% of normal from onset of 
encephalopathy and serum bilirubin greater 
than 400 μmol/L were the best early prognostic 
factors of poor outcome in children [29]. In 
summary from these three studies, parameters 
that predict the poor prognosis and urgent liver 
transplantation for the children should be con-
sidered are (1) age <10  years, (2) jaundice 
>7 days before encephalopathy, (3) prothrombin 
time >50  s or <21%, (4) serum bilirubin 
>300 μmol/L, and (5) Factor V level < 21%.

In addition, immunologic factors, serum viral 
load, and HAV genotype are also related to the 
severity of HAV infection. In 2011 [50], a study 
showed that in patients with fulminant HAV 
infection, a reduced CD4+/CD8+ T-lymphocyte 
ratio reflected impaired cellular immunity. In this 
study, the average HAV viral load in patients with 
fulminant hepatic failure was significantly greater 
than in non-fulminant HAV patients, with a pre-
dominance of HAV genotype IIIA (74%) com-
pared with HAV genotype IA (26%) [50].

5.2.7  Recurrent HAV Infection

There have been some case reports of recurrent 
HAV infection in patients who have had liver 
transplantation for fulminant hepatic failure [32, 
33, 39, 95]. Although this condition is relatively 
rare, it should be recognized because the clinical 
presentation may be misinterpreted as episodes 
of liver transplant rejection. For this reason, rou-
tine serology testing for IgM HAV antibody and 
HAV RNA may be helpful, especially during the 
early period following liver transplantation, and 
treatment with HAV-specific immunoglobulin at 
the time of liver transplantation may be used to 
prevent graft reinfection [39].

5.2.8  Prolonged Cholestatic 
Hepatitis

Cholestatic hepatitis is prolonged when the ami-
notransferases return to normal levels, but jaun-
dice persists for more than 8 weeks after the onset 
of symptoms; the elevated bilirubin may be up to 
as high as 649 µmol/L.  During the cholestatic 
period, serum ALT and AST usually decrease and 
normalize by 14 weeks. Studies have shown that 
patients with prolonged cholestatic hepatitis with 
persistent jaundice and intense pruritus have a 
good prognosis [103, 127]. Corticosteroid treat-
ment is effective in some patients, but its use in 
cases of prolonged cholestatic hepatitis is still 
controversial [68, 112, 136], as are other treat-
ments such as ursodeoxycholic acid, cholestyr-
amine, antihistamine, naloxone, rifampicin, and 
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extracorporeal liver support system (extracorpo-
real bilirubin elimination) [67]. The possibility 
that HAV infection may trigger cholestatic disor-
ders in genetically predisposed individuals has 
been demonstrated by a published case [67] of a 
patient who had prolonged cholestatic HAV infec-
tion and the presence of two pro cholestatic gene 
polymorphisms, the c.3084 [GG] variant within 
the gene encoding the hepatic canalicular bile salt 
transporter ABCB11 and the c.711 [AT] variant of 
the phosphatidylcholine floppase ABCB4.

5.2.9  Autoimmune Hepatitis (AIH)

The pathogenesis of autoimmune hepatitis (AIH) 
in HAV-infected patients is unclear, but HAV is a 
potential trigger of AIH [62, 94, 126] in patients 
with a genetic predisposition [48]. Furthermore, 
a recently reported study [1] detected seroposi-
tive autoantibodies of AIH in 63% of patients 
with HAV infection; this finding might support 
an immunological basis for the pathogenesis of 
HAV [1] or might be nonspecific epiphenomena 
similar to what occurs in patients with HBV, 
HCV, Wilson’s disease, and nonalcoholic fatty 
liver disease (NAFLD). For patients who present 
with acute HAV infection with persistent, abnor-
mal aminotransferases for more than 1 or 
2 months, markers of HAV infection should be 
investigated, including serum viral antigen, HAV 
RNA, or HAV IgM antibodies. In the absence of 
evidence of HAV persistence, AIH should be sus-
pected and investigated including liver biopsy for 
the histopathological confirmation, as this condi-
tion requires immunosuppressive treatments as 
soon as possible [49, 118].

5.2.10  Extrahepatic Manifestations 
of HAV Infection

Rare extrahepatic manifestations of HAV infec-
tion include acute kidney injury [20, 57, 137], 
autoimmune hemolytic anemia [16, 71, 77], 
aplastic anemia and red cell aplasia [16], immune 
thrombocytopenia [72], lupus-like syndrome 
[114], acute pancreatitis [8], hemophagocytic 

syndrome [111], encephalitis [47], transverse 
myelitis [61], and Guillain-Barré syndrome [18].

5.3  Transmission and Diagnosis 
of HAV Infection

HAV is a non-enveloped, single-stranded RNA 
virus of the Picornaviridae family. This virus is 
transmitted mainly by the fecal-oral route via 
person-to-person contact and ingestion of con-
taminated water, ice [100], or food [132], espe-
cially uncooked shellfish [36], including oysters, 
clams, and mussels. As a result, important sources 
of infection are childcare centers [99] and food- 
borne or waterborne outbreaks [100].

Following viral access into the human body, 
the virus migrates from the gastrointestinal (GI) 
tract to the bloodstream to the liver and replicates 
in hepatocytes. The HAV is then secreted into the 
biliary system and shed into the stool [81, 91]. 
Viral particles can be detected in the blood in the 
viremic state and in stool after viral excretion. The 
peak infectivity of hepatitis A correlates with the 
greatest viral load in the stool, where HAV anti-
gen can be detected 2 weeks before the onset of 
jaundice or elevation of liver enzymes. Urine and 
saliva may also have detectable HAV RNA and 
IgM HAV antibodies [2, 105] during this time.

HAV was first visualized in human fecal sam-
ples by electron microscopy [65] and in the serum 
and liver of marmosets infected with human HAV 
[102]. In clinical practice, acute HAV is diagnosed 
by detecting the presence of HAV-specific IgM 
antibodies using routine serologic testing; HAV 
RNA is detected using molecular techniques. Cell 
culture is used to identify HAV from individual 
samples or from the environment during the inves-
tigation of outbreaks of HAV infection.

5.4  Methods Used for HAV 
Identification

The definitive diagnosis of acute HAV infection 
depends not only on the clinical presentation of 
hepatitis but also on the identification of HAV by 
direct visualization by electron microscopy or 
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examination of changes in liver biopsies by light 
microscopy, serologic testing for virus or anti-
bodies to HAV, or molecular techniques for 
detection of HAV RNA. These detection methods 
for HAV infection are crucial, especially in situa-
tions where HAV infection outbreaks are being 
investigated. Before the development of modern 
serology and molecular diagnosis, former diag-
nostic methods relied on infectivity assays in cell 
culture, with the disadvantage of time-consuming 
procedures that required 2–4  weeks before a 
result was obtained. Recently, molecular detec-
tion methods have been developed that include 
specific RT-PCR and real-time RT-PCR, which 
can detect early HAV infection, improving the 
prevention and control of disease outbreaks.

5.4.1  Immuno-electron Microscopy 
(IEM)

IEM was the first technique used to detect the 
HAV [83]. HAV particles were visualized in fecal 
suspensions obtained from infected human vol-
unteers. The IEM and reactive antigen aggrega-
tion method were performed by using homologous 
antibody coats [65]. As a result, the coated or 
aggregated antigen can be visualized by EM [65].

5.4.2  Immunofluorescence (IF) 
Assay

Immunofluorescence (IF) is another commonly 
used method to detect HAV, which has been used 
for several decades. Before the development of 
the IF technique, hepatitis A antigen (HA-Ag) 
was demonstrated in nonhuman primate liver 
biopsies [85, 97] and from infected cell culture 
[6, 27]. The technique of IF uses anti-HAV 
immunoglobulin G (IgG) conjugated to fluores-
cein isothiocyanate (FITC) and visualized using 
fluorescence microscopy.

5.4.3  Immunohistochemistry (IHC)

The technique of immunohistochemistry (IHC) 
uses a primary antibody to HAV and a secondary 

antibody that is conjugated to a chromogenic 
label that can be visualized by light microscopy. 
This technique can be used to detect HAV in rou-
tine formalin-fixed, paraffin-embedded diagnos-
tic liver tissue samples.

5.4.4  Identification of Antibodies 
to HAV

Commercial assays are routinely used in clinical 
diagnostic laboratories to detect serum IgM and 
IgG antibodies to HAV.  The most commonly 
used serological diagnostic techniques include 
radioimmunoassay [78], immune adherence 
hemagglutination (IAHA) [110], and enzyme- 
linked immunosorbent assay (ELISA) [40]. In 
1995, [116] first described the detection of IgM 
antibodies to HAV as a diagnostic marker of 
acute HAV infection and noted the levels of these 
serum antibodies can rise after the end of incuba-
tion period, or 5  days following the onset of 
symptoms, and can persist for up to 6  months 
(Fig.  5.2). However, ELISA typically does not 
detect lower concentrations of serum antibodies 
to HAV that exist 4–6  months following acute 
HAV infection. The sensitivity and specificity of 
current commercial ELISA kits used worldwide 
for the detection of current or recent HAV infec-
tion are greater than 98% [98]. Serum IgM anti- 
HAV antibodies can initially can be detected 
about 1 week before the onset of symptoms [66]. 
IgG antibodies are produced later and persist for 
a lifetime, and for this reason, serum IgG anti- 
HAV antibodies can be used to detect and moni-
tor immunity to HAV from past infection or 
vaccination. However, ELISA does not detect the 
presence of HAV neutralizing antibodies, which 
require detection by a neutralization assay [76].

For outbreaks of HAV infection occurring in 
children, asymptomatic children can be difficult 
to detect as the serum IgM anti-HAV antibodies 
may be negative during the incubation period. 
Serial testing for antibodies to HAV is important 
but is costly and requires blood sampling by 
venipuncture. Alternative specimens, such as 
urine and saliva analyzed by molecular tech-
niques, may provide useful diagnostic samples. 
However, rapid and sensitive assays remain 
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important, particularly when outbreaks of infec-
tion occur in children, and so molecular diagnos-
tic methods are recommended to increase the 
detection rate of HAV infection, with techniques 
that can be applied to various samples, including 
serum, stool, food, and environment samples 
[91]. The current diagnostic molecular tech-
niques for HAV infection are described below.

5.4.5  Reverse Transcription- 
Polymerase Chain Reaction 
(RT-PCR)

HAV RNA can be extracted from clinical or envi-
ronmental samples by using proteinase K diges-
tion, followed by guanidinium thiocyanate 
phenol-chloroform extraction or using a com-
mercially available RNA extraction kit. RNA is 
then converted to cDNA by specific or random 
primers, with primer pairs spanning the desired 
specific HAV genomic region. This technique has 
been reported to have been used in various sample 

types, including serum [122], sewage [70], and 
shellfish [88]. However, the efficacy of RT-PCR 
can be reduced if there are nucleic acid inhibitors 
in the tested material [91].

5.4.6  Real-Time RT-PCR

The use of the technique of real-time RT-PCR is 
believed to overcome the effects of nucleic acid 
inhibitors [109]. This technique is very sensitive 
and specific, reliable, reproducible, and less time- 
consuming and included refinements in use 
including the molecular beacon [134]. TaqMan 
[23] and SYBR Green [14] have all been applied 
to the detection of HAV RNA in diagnostic 
samples.

5.4.7  Cell Culture to Detect HAV

This diagnostic method has been used mainly to 
distinguish between the infectious and noninfec-

Fig. 5.2 Timeline for hepatitis A virus infection with 
clinical manifestations and laboratory diagnosis (Modified 
from [2, 5, 55, 56, 80, 81, 105]). IgG immunoglobulin G, 

IgM immunoglobulin M, HAV hepatitis A virus, RNA ribo-
nucleic acid, ALT alanine aminotransferase, AST aspartate 
aminotransferase
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tious virus in both specimens and patients and is 
a practical approach to monitor the safety of food 
and environmental samples and to study the 
molecular epidemiology of HAV.  This method 
can be used to evaluate the efficacy of disinfec-
tion to remove HAV in food and water. For 
patients with the prolonged shedding of HAV 
RNA, this method can prove whether patients are 
contagious and require isolation. Although there 
are many culture methods described for the 
detection of HAV [35, 41], the disadvantages of 
these traditional culture methods are that HAV is 
not cytopathic in infected cells and grows slowly 
in cell culture making it an extremely time- 
consuming and expensive diagnostic method.

5.4.8  HAV Genotyping

Identification of the HAV genotype by sequenc-
ing has been reported to include phylogenetic 
analysis of the VP1/P2B region, supported by 
information derived from the GenBank database 
(National Center for Biotechnology Information, 
Bethesda, MD). Recently, a rapid, online HAV 
genotyping tool (National Institute for Public 
Health and the Environment, Ministry of Health, 
Welfare, and Sport, Bilthoven, The Netherlands) 
has become available on http://www.rivm.nl/
mpf/hav/typingtool/.

5.4.9  HAV Recombinant Studies

Although not routinely used in the diagnosis of 
HAV infection, there have been some recent 
reports on the value of HAV recombinant studies 
in the detection of infection in disease outbreaks 
[89]. Genetic analysis of selected genome regions 
of HAV has shown that four distinct human HAV 
genotypes can be found worldwide (I, II, III, and 
VII). Analysis using full-length VP1 sequences 
revealed that human strain 9F94 has a close 
genetic relation with strain SLF-88 (sub- genotype 
VII). Capsid recombination can play a significant 
role in shaping the genetic diversity of HAV and 
may have important implications for the control 

of HAV infection. These techniques are not cur-
rently used in clinical diagnosis [9].

5.4.10  Application of HAV Detection 
in Clinical Practice

HAV can be identified in serum, saliva, stool, 
urine, water, and food. In suspected acute HAV 
infection, physicians use the detection of serum 
HAV IgM as the “gold standard” for diagnosis. 
Viremia occurs soon after infection and usually 
persists for a week after the initial clinical pre-
sentation [100]. Typically, HAV IgM becomes 
detectable 5–10 days before the onset of symp-
toms and declines to undetectable levels within 
6 months following infection [84]. However, in 
asymptomatic children under 6 years old, early 
detection is crucial to prevent disease transmis-
sion to others, especially when an outbreak 
occurs. In 2004, a study by V.S. de Paula and 
colleagues [28] showed that 12–13% of primary 
school and daycare children could have negative 
HAV IgM serology but positive HAV RNA in 
serum. Poovorawan and colleagues found that 
the combination of HAV RNA and anti-HAV 
IgM detection could increase the diagnostic 
yield by 7.2% in the early phase of the acute 
infection [100]. As a result, the use of both 
serum IgM anti-HAV antibody and HAV RNA is 
valuable in epidemic and infection outbreak sit-
uations in children and may lead to more effec-
tive control.

For the diagnosis of HAV infection in chil-
dren, alternative samples have been proposed 
for diagnoses, such as urine, saliva, and stool. A 
recent study has shown that HAV RNA could be 
detected in 67.7%, 52.3%, 12.3%, and 8.7% of 
serum, stool, urine, and saliva specimens, 
respectively, using RT-PCR [56]. This study has 
demonstrated the limitations of detecting HAV 
RNA in urine and saliva [56]. However, other 
studies have shown that HAV RNA could be 
detected in saliva within 5 days after the onset 
of symptoms [80], with a probability of detec-
tion of about 50% during the first 30 days fol-
lowing infection [2].
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For the detection of IgM anti-HAV antibodies, 
analysis of urine specimens has been shown to 
have high diagnostic accuracy, with a sensitivity 
and specificity of 95.7% and 100%, respectively 
[55]. However, urine testing requires a large vol-
ume of fresh urine, as freezing affects the stabil-
ity of the urine sample [105]. Urine samples may 
be preserved at −70 °C if the test cannot be per-
formed immediately [55].

For the detection of IgM anti-HAV antibodies 
in saliva, the specimen may be viable for 150 days 
with antibodies still detectable within 30  days 
after infection [2]. Consequently, this alternative 
type of specimen may be considered for the 
detection of HAV during the early course of 
infection with the advantages of simple, inexpen-
sive, and noninvasive specimen collection when 
compared with venipuncture and conventional 
serum sampling.

In summary, the routine clinical specimen used 
for HAV detection is the serum sample. In disease 
outbreaks, especially in children, alternative speci-
mens, such as stool, saliva, and urine, are proposed 
with the advantages of noninvasive diagnostic 
sample collection. However, the processes of spec-
imen collection, laboratory preparation, and RNA 
extraction are crucial to ensure accurate diagnostic 
results. The combination of molecular techniques 
and serology can increase the diagnostic value of 
HAV detection in children suspected of having 
infection. Figure 5.2 demonstrates the timeline for 
HAV detection and the clinical and laboratory 
findings in HAV-infected patients.

5.5  Management of HAV 
Infection

Following the identification of HAV infection in 
children, prompt reporting to the local health 
department and health authority is required, with 
the establishment of early investigation to detect 
the source of infection, the exposed children, and 
to prevent the spread of the outbreak of the infec-
tion. Post-exposure prophylaxis is encouraged 
for individuals exposed to HAV. If available, vac-
cination is recommended to provide immunopro-
phylaxis with the benefit of lifelong immunity.

According to the Centers for Disease Control 
and Prevention (CDC) in 1981 [24], up to 52% of 
HAV-infected patients could not identify the 
source of their infections. However, the recog-
nized risk factors to exclude include injection 
drug use (14%), close personal contact with per-
sons infected with HAV (12%), household or per-
sonal contact with a child who attends a childcare 
center (11%), international travel (4%), men who 
have sex with men (7%), and others, including 
those with household or personal contact with a 
newly arrived international child, recent blood 
transfusion, and those with exposure to a recent 
restaurant outbreak of HAV infection. For pediat-
ric patients infected with HAV, daycare exposure 
to the virus seems to be the major source of out-
breaks of HAV infection worldwide [3, 4, 13, 42, 
63, 99, 107]. The following section described the 
management of children infected with HAV.

5.5.1  Management of Children 
Infected with HAV

Supportive treatment includes bedrest, adequate 
nutrition and hydration, and routine care to man-
age fever and gastrointestinal disturbances (diar-
rhea, nausea, and vomiting). Avoidance, or 
careful use, of drugs that have a hepatotoxic 
effect such as acetaminophen is required. About 
30% of symptomatic patients require hospitaliza-
tion; less than 1% will develop fulminant hepatic 
failure. A study in the Unites States found that 
13% of patients required hospitalization, with a 
range from 7% for children younger than 15 years 
of age to 27% of adults aged 45 years old or older 
[10]. Approximately 100 deaths each year in the 
United States are attributed to fulminant hepatitis 
A infection [24]. There is a correlation between 
high viral shedding and the prognosis of the dis-
ease, as patients with underlying chronic liver 
disease, such as chronic viral hepatitis B or C, 
have an increased risk of morbidity and mortality. 
Because patients with HAV infection can present 
with mild nonspecific symptoms, pediatric cases 
should be admitted to the hospital if possible for 
close observation to prevent the development of 
serious complications.
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The clinical clues for prediction of the severity 
of HAV infection that may indicate a need for 
patient monitoring include the following:

 1. Prolonged jaundice >2 weeks, without clini-
cal improvement, especially with symptoms 
of nausea and vomiting

 2. Cholestatic jaundice with a total bilirubin 
>342 µmol/L

 3. Prolonged PT or low serum albumin (<3.5 g/
dL) [19]

 4. Rising serum aminotransferases >3400 IU/L 
[19]

 5. Inability to palpate the liver, despite a previ-
ously enlarged liver

 6. Ascites
 7. Hypoglycemia
 8. Leukocytosis with a predominance of poly-

morphonuclear cells
 9. Electroencephalogram (EEG) demonstrating 

bilateral frontal slow-wave activity (2–3/s)
 10. Low total cholesterol <90 mg/dL [19, 74]
 11. Leukopenia (<4000/L) [60]
 12. Thrombocytopenia (<150,000/L) [60]
 13. High serum C-reactive protein (CRP) 

(>8 mg/L) [60]
 14. Other indices, such as high viral load [50, 

104], serum LDH [74], gammaglobulin [1], 
or creatinine [74].

5.5.2  Identification of Individuals 
with HAV Infection and Their 
Control

5.5.2.1  The Hospital Setting
When hospitalization is necessary, contact pre-
cautions in general with standard precautions are 
recommended. In cases of an HAV-infected child 
with diapers for at least 1 week after onset of the 
symptoms might be enough.

5.5.2.2  Adults Who Work in Childcare 
or Who Work as Food Handlers

These individuals who have been infected with 
HAV from a child should isolate themselves from 
such work for at least 1 week following the onset 
of symptoms.

Care workers, childminders, close contacts, 
and household members may be identified.

Recognized symptomatic (icteric) patients can 
be clearly identified. However, in contrast, most 
infected children younger than 6 years of age are 
asymptomatic or have nonspecific symptoms. 
Therefore, HAV can spread widely outside a 
childcare center and for a long period. The con-
trol of outbreaks of HAV infection in children is 
outlined below (Fig. 5.3).

5.5.2.3  Diapered Infants and Children 
in Childcare Centers

Children of this age group are at risk of HAV 
infection if there is an infant or child who is a 
carrier of HAV among them, and childcare pro-
viders should be aware of direct contact. It may 
be difficult to determine the time of infectivity in 
children, as children may continue to shed HAV 
RNA in their stool for up to 6 months. If HAV 
infection has been identified in two or more fami-
lies, all household members including diapered 
infants and children within a household should be 
considered for post-exposure prophylaxis [38].

There is no cost-efficacy of immune detection 
in non-endemic areas so immunization for non- 
immunized caregivers should be encouraged. 
Active immune protection takes 1  week. 
Therefore, injection of immune globulin to hepa-
titis A, providing passive immunity, should be 
provided for individuals who are at high risk 
 following exposure to HAV, including (1) patients 
with chronic underlying liver disease, (2) patients 
who are >40  years old, or (3) infants who are 
contraindicated for active immunization as they 
are <12 months old.

Immune globulin to hepatitis A, administered 
within 2 weeks following exposure, can prevent 
symptomatic infection in between 69% and 89% 
of cases [90]. In case the disease persists, immune 
globulin decreases the severity and duration of 
illness of any subsequent infection and further 
reduces viral transmission. The recommended 
dose of gamma globulin is 0.02 mL/kg intramus-
cularly, which provides protection for about 
3 months; a dose of 0.06 mL/kg provides protec-
tion for approximately 3–5 months. However, to 
promote lifelong immunity, vaccination is also 
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encouraged in this group of patients if there is no 
contraindication (age <12 months).

Recent studies have demonstrated heterogene-
ity in the potency of available immune globulin 
preparations. Recently, Tegada-Strop et al. [119] 
studied nine immune globulin products with a 
dose of 0.02 ml/kg IM and found that only two 
products could raise the serum anti-HAV IgG 
level above the protective level (20 mIU/mL). 
Furthermore, these two products could maintain 
the anti-HAV neutralizing antibody levels above 
the protective level for only 18 and 35 days after 
injection. Consequently, the HAV vaccine is pref-
erable as prophylaxis.

The HAV vaccine can be given if the exposure 
duration is less than 2 weeks. The HAV vaccine is 
considered to be as effective as immune globulin 
[128]. For the low-risk patient group, aged 
<40 years, without underlying chronic liver dis-
ease, active vaccination is enough. The use of 
immune globulin is limited, as it is available in 

only selected areas such as the United States, but 
not in Eastern countries.

However, published studies have shown that 
the HAV vaccine is less immunogenic in patients 
with chronic liver diseases (seroconversion rate 
93%) [59, 73], in immunocompromised 
 individuals (88%) [92], in transplant recipients 
(26%) [7], and in the elderly (65%) [133]. 
Alternatively, passive immunization that can be 
used for immunocompromised individuals con-
sists of intravenous immunoglobulin (IVIG). 
Farcet and colleagues [34] have evaluated HAV 
antibody titers following IVIG, from human 
plasma pools derived from US and EU patients, 
and have found that, despite the low positive 
seroprevalence of HAV antibody in these coun-
tries, HAV antibody titers in IVIG appeared to 
remain adequate for antibody replacement ther-
apy for these specific patients. A recent study 
[75] has also confirmed that the available IVIG 
from Korea, Japan, and the United States pro-
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Fig. 5.3 A summary of actions required during an outbreak of hepatitis A virus (HAV) infection. IgG immunoglobulin 
G, IgM immunoglobulin M, RNA ribonucleic acid
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vides sufficient antibodies against HAV to protect 
patients with primary immune deficiency (PID). 
In view of these findings, IVIG is recommended 
for administration to high-risk patients, espe-
cially those with underlying chronic liver disease, 
if post-exposure prophylaxis instead of immune 
globulin is available, or in the setting that immune 
globulin is not available (Table 5.2). Further stud-
ies on the role of IVIG as post-exposure prophy-
laxis for HAV infection are needed.

5.5.2.4  Non-diapered Childcare Center 
Infants and Children

Vaccination or immune globulin HAV prophy-
laxis is only necessary for classroom contacts or 
childhood index cases. Also, prophylaxis is not 
needed for individuals in contact with a person 
who has HAV infection when a single case occurs 
in an elementary or secondary school or an office 
setting, or if the source of infection is outside that 
setting, such as a hepatitis A patient who is admit-
ted to hospital.

5.5.3  Environmental Sources 
of HAV Infection

HAV can survive in water and soil for several 
weeks, depending on the temperature. For 
example, HAV can persist in seawater at tem-
peratures below 4 °C up to 90 days and below 
25  °C for up to 60  days. Survival of HAV in 
cookies kept at room temperature has been 
demonstrated for at least a week. Moreover, a 

large amount of cellular material attached to the 
HAV surface has a protective effect, so that 
HAV exhibits an extremely high stability at low 
pH [113]. However, temperatures above 85 °C 
can kill HAV immediately, while temperatures 
of 70 °C can kill HAV over a period of 4 min 
[82]. Therefore, sanitation and food handling 
measures and handwashing especially after 
changing diapers and before handling food are 
important preventive measures for the transmis-
sion of HAV infection. Furthermore, prepared 
food should be cooked at a temperature of more 
than 85 °C (or 185 °F) for at least 1 min. Use of 
a 1:100 solution of household bleach, hand-
washing after defecation and diaper changing, 
and sanitary disposal of uncooked food or waste 
are reasonable public health preventive mea-
sures for decreasing the transmission of HAV 
(Table 5.3).

Disease outbreaks in children occur sporadi-
cally, mainly via food and water, causing a large 
public health problem. Examples of recent HAV 
infection outbreaks include those associated with 
green onions in Pennsylvania [132], with clams 
in Shanghai [30], with mussels and clams in Italy 
[79], and with ice in Thailand [100]. Early recog-
nition and notification of the appropriate public 
health organizations are important, as are sanita-
tion improvements and immunization programs. 
PEP for the contact persons, especially within the 
high-risk groups, is necessary. Molecular tech-
niques are crucial to detecting the HAV RNA 
including the strain and infectious stage to plan 
for infection control.

Table 5.2 Recommendations for post-exposure prophylaxis (PEP) of hepatitis A virus (HAV) infection in children

Time since 
exposure

Age 
(years)

Type of immunization
First-line agent Alternative agent

≤2 weeks ≤1 year Immune globulin 0.02–0.06a 
ml/kg IM

IVIG 400 mg/kg IVb if immune globulin is 
unavailable especially in high-risk groups 
(immunocompromised persons and patients with 
chronic liver diseases)

1–18 year Immune globulin 0.02–0.06a 
ml/kg IM and/or HAV vaccine 
0.5 ml or pediatric dosage IM 
(alternate side)

>2 weeks No prophylaxis but HAV vaccine may be indicated for ongoing exposure

IM intramuscular, IVIG intravenous immunoglobulin
aPreferable high dose
bAccording to study of passive immunity to HAV of IVIG in patients with primary immune deficiency [75]
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5.6  Summary

Finally, for the prevention of HAV infection in 
children, active immunization with HAV vaccine 
is the best way for prevention and the best hope 
for eradication. The recommended age for child-
hood immunization is after 1  year of age, as 
infants will receive passive acquired maternal 
HAV antibody after birth, with maternal immu-
nity protecting the infant from HAV infection and 
interfering with the response to the HAV vaccine 
[37, 96].

A full HAV vaccination course consists of 
two doses, between 1 and 6  months apart that 
generates an antibody level above the minimal 
protective level [138]. Humoral immunity fol-
lowing HAV vaccination can persist more than 
12 years [124], but mathematical modeling stud-
ies of potential immune responses predict that, in 
some cases, immunity may last for at least 
25  years [25]. Moreover, experimental studies 
guarantee that HAV vaccine can induce lifelong 
immunological memory. Therefore, a booster 
dose is unnecessary and not recommended at 
this time [123].

Immunocompromised patients with HAV 
infection and patients with chronic liver disease 
should be encouraged to be immunized. A booster 
dose of HAV vaccine may be needed, but further 
studies on its efficacy are required before this can 
be recommended worldwide.
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Prevention of Hepatitis A

Daniel Shouval

Abstract
Hepatitis A virus (HAV) infection is a prevent-
able, acute inflammatory disease of the liver 
caused by a member of the Picornavirus fam-
ily. The HAV is a non-cytopatic, hepato- 
trophic RNA virus which replicates in 
hepatocytes and generates immune-mediated 
liver injury. Infection is mainly transmitted 
through fecal-oral route, close person-to- 
person contact, and intake of contaminated 
water or food. HAV endemicity is classified as 
high, intermediate, low, and very low, depend-
ing on age-adjusted prevalence of anti-
HAV(IgG) antibodies in the population. The 
epidemiology and susceptibility to infection 
are driven by a number of factors including 
sanitary and socioeconomic conditions, age at 
exposure, and herd immunity. Improvement in 
socioeconomic conditions and in the level of 
hygienic standards in many countries with 
intermediate endemicity in transition has led 
to a shift in susceptibility to infection in ado-
lescents and young adults. Major progress has 
been made in the past decades in prevention of 
hepatitis A.  Pre- and postexposure prophy-
laxis using formaldehyde-inactivated HAV 

vaccines has gradually replaced the use of 
immune serum globulin for protection of sub-
jects at risk. Live attenuated HAV vaccines 
have been developed in China for preexposure 
prophylaxis. Several attenuated HAV strains 
have been used for over 20 years in the United 
States, Europe, and China for manufacturing 
of formalin- inactivated vaccines. 
Administration of such highly immunogenic 
vaccines, given at two doses, separated by a 
flexible interval of 6–12 months, has had an 
excellent record of safety and tolerability. 
While most countries still employ a two-dose 
immunization strategy, Argentina and China 
chose to use a single- dose immunization strat-
egy for UMV, using a formaldehyde-inacti-
vated and live attenuated vaccine, respectively. 
Immunization strategies include universal 
mass vaccination (UMV) of toddlers, regional 
mass vaccination (RMV), and immunization 
of distinct risk groups. Introduction of UMV 
and RMV programs in the United States, 
Israel, several European countries, and in 
Australia has led to an unprecedented decline 
in the incidence of HAV infection and a rise in 
herd immunity in these regions.
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Abbreviations

ACIP Advisory Committee on 
Immunization Practices

AE Adverse event
Anti-HAV Antibodies to the hepatitis A virus
CDC Centers for Disease Control
EPI Expanded program of 

immunization
HAV Hepatitis A virus
IG Immune globulin
IgA Immune globulin A
IgG Immune globulin G
IgM Immune globulin M
MMR Mumps, measles, and rubella 

vaccine
MSM Men who have sex with men
PEP Postexposure prophylaxis
RMV Regional mass vaccination
SAE Serious adverse event
UMV Universal mass vaccination
WHO World Health Organization

6.1  Introduction

There are several measures for protection against 
hepatitis A virus (HAV) infection: (1) general 
actions including maintenance of personal 
hygiene, adequate sanitation, and improvement 
of socioeconomic status, (2) pre- or postexposure 
passive prophylaxis with immune globulin (IG), 
and (3) pre- or postexposure active immunization 
with formaldehyde-inactivated vaccines. Live 
attenuated vaccines are only used for preexpo-
sure prophylaxis.

6.2  Personal Hygiene 
and Sanitation

HAV is a robust virus which is resistant to low pH 
and may persist in feces, in sewage, and in soil 
for a prolonged period [1]. Personal hygiene and 
environmental sanitation to prevent transmission 
through fecal contamination of food and water or 

by personal contact are primary means to control 
hepatitis A in any setting.

6.3  Passive Pre- 
and Postexposure 
Prophylaxis 
Against Hepatitis 
A with Immune Globulin (IG)

Administration of human immune globulin (IG) 
prepared from pooled human plasma through 
ethanol fractionation and containing high con-
centration of anti-HAV (IgG) antibodies has been 
used historically since 1942 as an efficient and 
rapid means for pre- and postexposure prophy-
laxis (PEP) against HAV infection [2, 3]. The 
protective efficacy of IG is dose dependent and 
limited to 12–20 weeks following intramuscular 
(i.m.) injection of 0.02 and 0.06  ml/kg weight, 
respectively. In view of the declining incidence 
of HAV infection in some countries in the Western 
Hemisphere, pooled plasma used for preparation 
of IG contains lower concentration of neutraliz-
ing anti-HAV(IgG) antibodies, raising doubt 
regarding the potential protective efficacy of IG 
against HAV [4]. Preexposure prophylaxis with 
IG is achieved rapidly. The putative mechanism 
of protection against hepatitis A conferred by IG 
involves neutralization of circulating virus and 
possibly prevention of uptake of virus through 
the gut mucosa and/or hepatocytes.

Little information is available regarding the 
safety of IG in the pediatric population [5]. 
Reports on serious systemic adverse events (AEs) 
in children receiving IG are rare, and the cumula-
tive clinical experience, mainly collected during 
the pre-HAV vaccine era, suggests that adminis-
tration of IG to adults and most probably to chil-
dren is very safe [2, 6], except in patients with 
IgA deficiency. However, IG administration may 
interfere with live attenuated vaccines such as 
measles, mumps, rubella (MMR) and varicella. 
Co-administration of IG with an active hepatitis 
A vaccine may blunt the initial quantitative anti- 
HAV (IgG) antibody response after the first vac-
cine dose [7]. This effect, which is similar to the 
effect of passively transferred maternal anti-HAV 
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(IgG) antibodies, is of minor significance, and 
such vaccinees respond well to a booster dose 
given 6 months after the primary immunization. 
Finally, the use of immune globulin worldwide is 
now declining for a number of reasons: (a) non-
specific IG preparations increasingly fail to con-
tain adequate amounts of anti-HAV (IgG), (b) 
cost of specific HAV IG preparations is high, (c) 
duration of IG-mediated protection against HAV 
infection lasts only several months as compared 
to hepatitis A vaccines, and (d) hepatitis A vac-
cines have already been shown to induce rapid 
and efficient pre- as well as postexposure protec-
tion against HAV following the first of two rec-
ommended doses [3].

6.4  Active Pre- 
and Postexposure 
Prophylaxis 
Against Hepatitis A

6.4.1  Immunization 
with Inactivated Hepatitis 
A Vaccines

All HAV vaccines contain cell culture-derived 
HAV antigen containing attenuated HAV strains 
adapted to grow in human and nonhuman mam-
malian cells through serial passage of originally 
wild-type HAV.  Viral attenuation is associated 
with a small number of HAV mutations, distrib-
uted throughout the genome [8]. Cell culture- 
derived HAV antigen is purified, inactivated by 
formaldehyde, and adsorbed to aluminum 

hydroxide for the following vaccines: HAVRIX®, 
VAQTA®, and AVAXIM®. The HAV antigen in 
EPAXAL® is formulated in influenza- 
reconstituted virosomes. VAQTA®, HAVRIX®, 
EPAXAL®, HEALIVE®, and the Chinese Lv-8 
inactivated HAV vaccine are at present preserva-
tive free (Table 6.1). The WHO has released rec-
ommendations for production and quality control 
of HAV vaccines [9]. The biological activity of 
inactivated hepatitis A vaccines is measured 
either by an in vivo relative potency assay or by 
an immunochemical determination of antigen.

For children, several manufacturers provide a 
half-volume presentation of the vaccine with the 
same antigen concentration as the adult formula-
tion. Inactivated hepatitis A vaccines should be 
refrigerated at 2–8 °C; the vaccines should not be 
frozen. When stored at the recommended tem-
perature, the shelf-life for inactivated hepatitis A 
vaccines ranges between 24 and 36  months, as 
specified by the manufacturers [9].

In addition to monovalent HAV vaccines, 
formaldehyde-inactivated combination vaccines 
have been developed in Europe against HAV and 
HBV or HAV and typhoid [3, 10].

Formaldehyde-inactivated hepatitis A vac-
cines are highly immunogenic and safe, provid-
ing rapid, protective immunity to hepatitis A 
within 2–4 weeks after primary immunization. A 
second dose is usually administered within 
6–12 months after the priming injection, but the 
interval may be extended to 18–36  months 
depending on vaccine type.

Table 6.1 Monovalent HAV vaccinesa

Attenuated HAV strain

Trade name Adjuvant HAV antigen dose/
injection

ManufacturesPediatric Adult
HM-175 HAVRIX® Alum hydroxide 720 EU 1440 

EU
GSK [34]

CR-326 VAQTA® Alum hydroxide 25 U 50 U MSD [33]
GBM AVAXIM® Alum hydroxide 80 U 160 U Aventis Pasteur [11]
TZ84 HEALIVE® Alum hydroxide 250 U 500 U Sinovac [15]
RG-SB EPAXAL® Virosome 24 U 24 U Crucell/Berna Biotech 

[35]
aReproduced with permission from Ref. [3]
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6.4.2  Immunization with Live 
Attenuated Hepatitis 
A Vaccines

Two live attenuated hepatitis A vaccines were 
developed in China containing the H2 and LA-1 
strains [12–15] . Both these vaccines as well as 
two formaldehyde-inactivated vaccines, adminis-
tered in two doses, were tested in clinical trials in 
China using one or two doses and integrated into 
the Chinese EPI in 2008 (http://www.who.int/
wer/2010/wer8530/en/index.html). A recent 
review summarizes the immunogenicity of six 
controlled clinical trials with the live attenuated 
HAV vaccine conducted in children in China, 
reporting 72–97.9% seroconversion rates and a 
good safety record [16]. Currently, the live atten-
uated vaccine is usually administered as a single 
subcutaneous dose.

6.4.3  Serologic Measurement 
of Protection

A positive (qualitative) test for anti-HAV (IgG) 
antibodies signifies immunity to hepatitis 
A.  Although the lowest protective level against 
challenge with HAV is unknown, the reported 
minimal serum levels of anti-HAV (IgG) antibod-
ies required for protection against HAV in 
humans varies between 10 and 33  mIU/ml 
depending on the immunoassay used for detec-
tions. Clinical experience suggests that protec-
tion against hepatitis A following passive 
immunization with IG or active vaccination may 
still be present even in the absence of detectable 
anti-HAV antibodies using standard immunoas-
says [17]. Low levels of anti-HAV (IgM) antibod-
ies may be detectable by a conventional assay for 
a few weeks in ~20% of recipients of HAV vac-
cines. Therefore, anti-HAV (IgM) antibody 
assays cannot be used for reliable distinction 
between acute hepatitis A and anti-HAV response 
to vaccination.

6.4.4  Vaccine-Mediated Immune 
Response Against Hepatitis 
A Virus

Following infection with live, wild-type HAV, the 
virus penetrates the gut mucosa and is transported 
to the liver. Passage of the virus through the gut 
wall and virus replication in liver cells is associ-
ated with an active cellular and humoral immune 
response against the virus which induces hepato-
cellular injury [18–25]. In contrast, viral replica-
tion does not occur after immunization with a 
killed HAV vaccine, and protection against HAV 
is primarily antibody based. Evidence has now 
been obtained to suggest that immunization 
against HAV with a killed vaccine also leads to a 
measurable cellular protective immune response 
which is long-lasting for at least 6 years and may 
be boosted to revive the immune memory [3].

6.4.5  Duration of HAV Vaccine- 
Mediated Protection

Immune memory-mediated long-term protection 
against HAV infection, following a complete 
two-dose inactivated vaccine administration in 
children born to anti-HAV(IgG) negative moth-
ers, has been predicted by modeling in 97% of 
vaccinees for at least 40 years and already docu-
mented through sero-surveillance for 20  years 
[26]. Similar data have been reported for a viro-
somal formulated HAV vaccine [27]. 
Consequently, booster doses are not recom-
mended in vaccinees who completed a two-dose 
vaccination schedule.

Argentina and several countries in South 
America as well as China are pioneering a differ-
ent immunization strategy, using single-vaccine 
dose immunization instead of the two-dose 
schedule licensed in most countries. Limited data 
on persistence of immune memory following one 
dose of a killed inactivated or live attenuated vac-
cine suggest persistence of protection for at least 
7.5–9 and 5 years, respectively [28–30].
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The immunogenicity of formaldehyde- 
inactivated hepatitis A vaccines is blunted some-
what by preexisting anti-HAV(IgG) antibodies, 
such as that which occurs when vaccine is co- 
administered with IG or when given to infants of 
previously infected HAV immune mothers [31, 
32]. Yet, the practical consequences of this phe-
nomenon are most likely negligible.

6.5  Strategies of Preexposure 
Prophylaxis Through Active 
Immunization

Inactivated hepatitis A vaccines have been 
licensed in Europe, Asia, Australia, and the 
Americas. The high efficacy of these vaccines in 
preventing hepatitis A in children has been shown 
in two pivotal placebo-controlled clinical trials 
conducted in Thailand and the United States 
demonstrating a 99% efficacy after three doses 
and 100% after two doses of aluminum 
hydroxide- formulated vaccines, respectively [33, 
34].

In a third study, a single dose of an inactivated 
vaccine formulated in virosomes was shown to 
provide complete protection against disease [35]. 
Several factors had a marginal impact on blunting 
of anti-HAV (IgG) antibody levels following 
immunization. These include overweight, older 
age, smoking, as well as passively transferred 
anti-HAV (IgG) antibodies from pregnant moth-
ers to their newborns. Lower sero-protection 
rates following vaccination have been reported in 
human immunodeficiency virus-infected patients 
as well as solid organ and stem-cell transplant 
recipients. As observed with other vaccines, anti- 
HAV (IgG) levels were reported to be higher in 
female vaccinees as compared to males, follow-
ing a priming and booster dose of the vaccine [3].

As more information has become available on 
the extra-ordinary immunogenicity, effective-
ness, and safety of hepatitis A vaccines, immuni-
zation strategies have shifted from vaccination 
of individuals belonging to specific risk groups 
to mass vaccination campaigns and then to uni-
versal mass vaccination (UMV), which is how-
ever still restricted to a limited number of 
countries [3, 29].

Following the licensure of HAV vaccines, four 
immunization strategies have been evaluated for 
preexposure prophylaxis. First is the early efforts 
at immunization of individuals at increased risk 
including international travelers to areas of HAV 
endemicity, men who have sex with men (MSM), 
intravenous drug users, patients with chronic 
liver disease, food handlers, day-care center staff, 
caretakers of nonhuman primates, and patients 
with blood-clotting disorders. This policy is still 
valid but has no or little public health impact on 
herd immunity at large.

The second strategy included regional mass 
vaccination (RMV) of pediatric populations at 
risk. Three demonstration projects conducted in 
the United States in Native Americans in Alaska, 
in Native American Indians, and in Butte County, 
California, documented a 94–97% reduction in 
incidence of symptomatic acute hepatitis A [36]. 
Consequently, in 1999, the US Advisory 
Committee on Immunization Practices (ACIP) 
issued a recommendation to introduce universal 
hepatitis A vaccination into routine childhood 
vaccination (2 doses in children >2 years old and 
catch-up at the age of 10–12 years) in 17 states in 
the United States with an annual incidence of >20 
cases/100,000. Postimmunization surveillance 
revealed that, despite variable first vaccine cover-
age of 50–80%, a progressive decline in reported 
incidence of hepatitis A was observed from 21.1 
cases/100000 to 2.5 cases/100000, which repre-
sents an 88% drop [36]. Similar projects were 
introduced in Puglia, Italy, in 1997 [37]; in 
Catalonia, Spain, in 1998 [38]; and in North 
Queensland, Australia, in 1999 [, leading to a 
90–97% decline in the reported incidence in 
these regions. The results of these highly success-
ful vaccination projects in selected geographic 
regions worldwide suggested that mass vaccina-
tion of children in communities at risk is effective 
and will lead to herd immunity even under mod-
erate coverage.

These early projects paved the way for the 
introduction of the third immunization strategy, 
namely, universal mass vaccination (UMV) 
against HAV in selected countries with intermedi-
ate endemicity in transition. By 2010, 11 coun-
tries have embarked on the road toward universal 
HAV vaccination in babies. In 1999, Israel, a 
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country with intermediate HAV endemicity in 
transition, became the first country to introduce 
universal HAV vaccination given in two doses to 
toddlers at 18 and 24 month of age [39]. At a vac-
cination coverage of 90% and 85% for the first 
and second dose, respectively, the annual inci-
dence of hepatitis A dropped sharply within 
2–3 years of program initiation. An overall decline 
of 95% in incidence was documented not only in 
babies but also in the unvaccinated adult popula-
tion (Figs. 6.1 and 6.2) [39]. Thus, immunization 
of ~3% of the population annually led to a marked 
decrease in attack rates of HAV infection in all 
age groups until the age of 44 years and a shift 
from a state of intermediate HAV endemicity to 
very low endemicity with an annual incidence of 
~2.5 cases/100000 [39–41]. Yet, despite the 
remarkable impact of UMV on the incidence of 
hepatitis A in Israel, HAV still circulates in the 
sewage system in Israel, suggesting continuous 
import of virus from nearby geographic regions 
which have not yet introduced UMV [42].

In the United States, the public health objec-
tive of hepatitis A vaccination is the reduction of 
disease incidence and possibly eradication of 
HAV infection through routine infant immuniza-
tion. Major progress in this direction has already 
been achieved. A recent review of 27 studies con-
ducted in countries which introduced UMV con-

firmed the impressive impact of introduction of 
UMV on the incidence of HAV infection. All 
studies except one showed a marked reduction in 
the incidence of hepatitis A with a decline of 
infection also in non-vaccinated populations, 
reflecting herd transmitted immunity [43].

The fourth strategy for preexposure prophy-
laxis includes immunization with only a single 
dose of an inactivated HAV vaccine. The ratio-
nale for this strategy is based on the cumulative 
experience that anti-HAV (IgG) sero-protection 
rates may reach 88% in vaccinees within 2 weeks 
after a single vaccine dose, rising to 97–100% at 
week 4–6 [17, 44, 45]. In 2005, public health 
authorities in Argentina began an experimental 
universal immunization program in 12-month- 
old babies [29, 46]. The original baseline inci-
dence of HAV in Argentina dropped from 70.5 to 
173.8 cases/100000 between 1995 and 2004 to 
~10 cases/100000 in all age groups within a few 
years, representing an >80% decrease in inci-
dence. These results also confirmed the experi-
ence gained in mass and universal immunization 
programs elsewhere that effective immunization 
of toddlers will lead to widespread herd immu-
nity. It remains, however, to be seen if a single- 
dose immunization strategy will indeed provide 
long-term protection against HAV or whether a 
booster dose will be required after all.

Fig. 6.1 The impact of universal vaccination against 
hepatitis A of 18-month-old toddlers on the incidence 
rates in the Jewish, the Arab, and the overall population in 
Israel. Data obtained by passive and active surveillance. 

Between 1985 and 1992, acute hepatitis cases were classi-
fied as “infectious hepatitis” (including A, B, C, and non-
specified hepatitis). Afterward, between 1993 and 2004, 
data include serologically confirmed hepatitis A cases. 
(Reproduced with permission from Ref. [39])
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6.5.1  Cost-Effectiveness 
of Preexposure Prophylaxis

To quote a recent WHO position paper, “A com-
prehensive review of the cost-effectiveness of 
hepatitis A vaccination covering 31 studies 
(including 12 cost-utility analyses) has evaluated 
universal vaccination, targeted vaccination and 
vaccination of antibody-negative individuals. Of 

these 31 studies, 27 originated in Europe and 
North America. Fifty percent of universal mass 
vaccination had incremental cost-effectiveness 
ratios <US$ 20,000 per quality-adjusted life year 
(QALY) gained. Lower cost-effectiveness ratios 
were observed more often with mass vaccination 
than with more targeted hepatitis A vaccination. 
Universal vaccination was particularly cost- 
effective in children, especially in high-incidence 

Fig. 6.2 Annual age-specific incidences of reported hepatitis A disease among the Jewish and non-Jewish populations 
in Israel, 1993–2004. Error bars indicate 95% confidence intervals. (Reproduced with permission from Ref. [39])
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areas, with all reported cost-effectiveness ratios 
falling below ~US$ 35,000 per QALY.  For tar-
geted vaccination, cost-effectiveness was highly 
dependent on the risk of infection in the targeted 
groups” [9].

6.6  Postexposure Prophylaxis 
(PEP)

The incubation of hepatitis A varies between 15 
and 50  days (average 20–30  days). Evidence 
obtained in a number of clinical trials suggested 
that postexposure immunization against hepatitis 
A may also have similar effectiveness as IG, pro-
vided that immunization is started within 2 weeks 
of exposure. Support for this conclusion was ini-
tially obtained from the hepatitis A efficacy trial 
conducted in the United States, where the HAV 
vaccine was administered during an HAV out-
break. In this pivotal clinical trial, no new cases 
of acute hepatitis were identified from day 17 
onwards after vaccination [33]. A similar experi-
ence was obtained, in Slovakia [47], in Israel 
[48], and in Italy [49], where a 79% protective 
efficacy of postexposure immunization was doc-
umented in Italian household contacts of acute 
hepatitis A cases. In Israel, as in Slovakia, prompt 
intervention with an active vaccine in a commu-
nity outbreak of hepatitis A led to effective con-
trol of an epidemic within 2 weeks of starting the 
intervention. Final proof for the use of inactivated 
HAV vaccines for postexposure prophylaxis was 
obtained in a study conducted in Kazakhstan 
[50]. In this controlled clinical trial, 1090 house-
hold and day-care contacts (2–40  years old) of 
index cases with acute hepatitis were randomized 
to receive hepatitis A vaccine or IG. Transmission 
of HAV, confirmed by anti-HAV (IgM) testing, 
occurred in 4.4% and 3.3% of the study groups, 
respectively (RR 1.35; 95% CI  =  0.70–2.67). 
Consequently, the US ACIP is now recommend-
ing postexposure immunization with an active 
HAV vaccine in 2–40-year-old individuals at 
risk. The field effectiveness of PEP using an 
active HAV vaccine administered within 14 days 
of exposure was later also confirmed in Australia 

in a retrospective survey of susceptible contacts 
of patients with acute HAV infection [51]. 
Altogether, the use of hepatitis A vaccines instead 
of IG for PEP has a number of advantages, 
including induction of long-term protection 
against HAV, ease of administration, and accep-
tance at a similar cost per dose.

6.7  Co-administration 
of Hepatitis A Vaccines 
with Other Childhood or 
Traveler Vaccines

Concurrent administration of a number of routine 
childhood and traveler monovalent and trivalent 
vaccines with an HAV vaccine does not lead to 
significant interference in immunogenicity, reac-
togenicity, or safety of the individual vaccines. 
As demonstrated in a number of controlled stud-
ies conducted among 12–15-month-old infants, 
in children <18 years, and in adults, inactivated 
HAV vaccines can be administered simultane-
ously with diphtheria, tetanus, acellular pertussis 
(DTaP), polio (oral and inactivated), Haemophilus 
influenzae (Hib), MMR typhoid (oral and intra-
muscular), hepatitis B, cholera, Japanese enceph-
alitis, rabies, and yellow fever vaccines. It is 
recommended that injections should be given at 
different sites [3].

6.7.1  Safety of Hepatitis A Vaccines

Inactivated HAV vaccines have an excellent 
safety and tolerability record in children and 
adults alike and are interchangeable [3]. Almost 
200 million doses of inactivated hepatitis A vac-
cines were sold worldwide between 1995 and 
early 2006 and many more afterwards. Based on 
the cumulative experience gained until 2006, the 
overall safety profile of all formaldehyde- 
inactivated hepatitis A vaccines administered to 
children and adults has been excellent, irrespec-
tive of manufacturer [3]. The following informa-
tion is quoted from a US Centers for Disease 
Control (CDC) review [52]:
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“Reactogenicity: Local reactions, including sore-
ness or tenderness at injection site, were 
reported in pre-licensure clinical trials in 56% 
(N = 50,000) and 53% (N = 10,000) of adult 
recipients of HAVRIX® and VAQTA® respec-
tively, while in children these figures were at a 
range of 15% and 17%. Headaches were 
reported in 14–16% of adults for both vac-
cines respectively, and in 4% of children 
receiving HAVRIX® in whom ~8% had feed-
ing problems”. A recent retrospective evalua-
tion was conducted in 1.4  million children, 
age 1–6 years, who received 6.0 million intra-
muscular injections of various vaccines 
including HAV vaccines. Results confirmed 
the low incidence of local site reactions in 
recipient of such vaccines [53].

Serious Adverse Events (SAE): An estimated 
1.3 million persons in Asia and Europe were 
vaccinated with HAVRIX® before the vac-
cine’s licensure in the United States in 1995. 
Reports of serious adverse events, without 
regard to causality, received by the vaccine 
manufacturer, included anaphylaxis, Guillain- 
Barré syndrome, brachial plexus neuropathy, 
transverse myelitis, multiple sclerosis, 
encephalopathy and erythema multiform. The 
majority of these events occurred among 
adults, and approximately one third occurred 
among persons concurrently receiving other 
vaccines. For serious adverse events for which 
background incidence data can be estimated 
(e.g. Guillain-Barré syndrome and brachial 
plexus neuropathy), rates for vaccine recipi-
ents were no higher than would be expected 
for an unvaccinated population.

No vaccine-related serious adverse events 
were reported for approximately 40,000 children 
who were administered the 360 EL.U. dose of 
HAVRIX® in the protective efficacy study. In a 
post-licensure study of 11,417 children and 
25,023 adults who were administered VAQTA®, 
no serious adverse events occurred that were con-
sidered to be associated with administration of 
vaccine. A published post-licensure evaluation of 
safety among 2000 child and adult recipients 

identified no serious adverse events associated 
with VAQTA®.

According to information received from the 
China Centers for Disease Control, between 
1992 and 2007, 60 million doses of mainly live 
attenuated HAV vaccines were administered in 
China. Since 2005, 8 million doses are distrib-
uted annually to 18-month-old toddlers and 
older children. With respect to the Chinese inac-
tivated and live attenuated hepatitis A vaccines, 
experience during clinical trials and through 
passive surveillance did not identify any sub-
stantial safety issues. Further up-to-date infor-
mation on the immunogenicity and safety of live 
attenuated vaccines used in China has recently 
been released [16]. However, post-marketing 
surveillance in selected communities to measure 
and monitor safety and adverse reactions is still 
desirable [54]. Studies of children vaccinated 
with live attenuated vaccines have shown shed-
ding of the vaccine virus and possibly second-
ary infection among contacts, so post-marketing 
surveillance may provide a context in which to 
conduct specific studies to examine the outcome 
of secondary infection and virus circulation if it 
occurs. Data of particular interest include 
molecular markers of attenuation and the genetic 
stability of attenuation markers after human 
passage. (http://www.who.int/wer/2010/
wer8530/en/index.html)

6.8  Summary

Despite the availability of efficacious and safe 
hepatitis A vaccines for more than 20 years, hep-
atitis A still remains a frequent and debilitating 
disease affecting millions of individuals world-
wide annually. The continuous improvement in 
sanitary and socioeconomic conditions has led to 
a shift in prevalence of HAV infection from high 
to intermediate and even low endemicity. 
Consequently a growing population of adoles-
cents and young adults becomes susceptible to 
HAV infection.

The following recommendations were released 
through the WHO 2012 position paper [9]:
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• Both inactivated and live attenuated hepatitis 
A vaccines are highly immunogenic, and 
immunization will generate long-lasting, pos-
sibly lifelong, protection against hepatitis A in 
children as well as in adults.

• Evidence testifies to the excellent safety pro-
file of inactivated vaccines. Although consid-
ered safe, internationally published evidence 
on the safety and tolerability of the live attenu-
ated hepatitis A vaccines is more limited.

• WHO recommends that vaccination against 
HAV be integrated into the national immuni-
zation schedule for children aged ≥1 year if 
indicated on the basis of incidence of acute 
hepatitis A, change in the endemicity from 
high to intermediate, and consideration of 
cost-effectiveness.

• Vaccination against hepatitis A should be part 
of a comprehensive plan for the prevention 
and control of viral hepatitis, including mea-
sures to improve hygiene and sanitation and 
measures for outbreak control.

• Targeted vaccination of high-risk groups 
should be considered in low and very low 
endemicity settings to provide individual 
health benefits.

• The use of hepatitis A vaccine rather than pas-
sive prophylaxis with immune globulin should 
be considered for preexposure prophylaxis (e.g., 
for travelers to areas of higher hepatitis A ende-
micity) and postexposure prophylaxis (e.g., for 
close contacts of acute cases of hepatitis A).

• The use of a single-dose regimen of hepatitis 
A vaccine to control community-wide out-
breaks has been most successful in small self- 
contained communities, when vaccination 
was started early in the course of the outbreak 
and when high coverage of multiple age 
cohorts was achieved.

• National immunization programs may con-
sider inclusion of single-dose inactivated hep-
atitis A vaccines in immunization schedules. 
This option seems to be comparable in terms 
of effectiveness and is less expensive. 
However, until further experience has been 
obtained with a single-dose schedule, in indi-
viduals at substantial risk of contracting hepa-

titis A, and in immunocompromised 
individuals, a two-dose schedule is preferred.

• Inactivated hepatitis A vaccines produced by 
different manufacturers, including combined 
hepatitis A vaccines, are interchangeable
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Abstract
Hepatitis B virus (HBV) infection in endemic 
areas usually starts in infancy and persists 
until adulthood. The clinical course of chronic 
HBV infection varies among different 
individuals, HBV viral strains, and the 
interactions between humans and 
HBV.  Children with chronic HBV infection 
usually present with immune-tolerant status 
initially, break through the immune tolerance 
and experience the inflammatory phase 
beyond puberty, and enter the inactive phase 
after hepatitis B e antigen (HBeAg) 
seroconversion. HBeAg-negative hepatitis 
flares occur in 5–25% of chronic HBV- 
infected subjects after HBeAg seroconversion.

The diverse course of chronic HBV infec-
tion is associated with the age of HBV infec-
tion, route of HBV acquisition, host factors 
(host immune system, endocrine system, and 
hepatocyte receptor), viral factors (viral load, 
HBV genotypes, and mutant strains), and 
host-viral interactions. The breakthrough of 

immune tolerance is correlated with the start 
of adrenarche and puberty in children with 
chronic HBV infection. Human cytokines, 
innate immunity, and human leukocyte anti-
gens are also reported to modulate the disease 
course of immune clearance, inflammation, 
and long- term outcomes. Different immune 
escape HBV mutant strains, causing different 
impacts on viral biosynthesis, which emerge 
under host immune selection are noted to 
result in different long-term outcomes of 
chronic HBV infection. Early chronic HBV 
infection events during childhood are key pre-
dictors of late outcomes in adulthood. 
Realization of the mechanisms of immune-
tolerant breakthrough, triggering inflamma-
tion, and their long-term impact may enhance 
the development of better strategies for chil-
dren with chronic HBV infection.
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7.1  Natural Course of Chronic 
Hepatitis B Virus Infection

Chronic hepatitis B virus (HBV) infection 
remains an important disease burden globally. 
The clinical course of chronic HBV infection is 
closely related to the age of acquisition, route of 
transmission, host immune and endocrine factors, 
viral factors, and various host-viral interactions. 
The transmission route of HBV may be either 
maternal/perinatal or horizontal. Maternal/
perinatal transmission and early childhood HBV 
acquisition are associated with a high likelihood 
of lifelong infection [1–3]. In endemic areas, 
such as Taiwan, maternal/perinatal transmission 
accounts for approximately half of the routes of 
chronic HBV infection before universal HBV 
vaccination program implementation, while this 
route accounts for 90% after the initiation of this 
program [4]. The natural course of chronic HBV 
infection is generally divided into the immune- 
tolerant phase, immune clearance/inflammatory 
phase, and post-HBeAg seroconversion phases 
(Table 7.1).

The immune-tolerant phase is indicated by 
normal alanine aminotransferase (ALT) levels, 
high viral load, and the presence of HBeAg. In 
the majority of the patients during or after 
adolescence, the flare-up of ALT and the HBeAg 
seroconversion to its antibody (anti-HBe) indicate 
the breakthrough of immune tolerance and the 
start of immune clearance/inflammatory phase. 
HBeAg seroconversion generally indicates the 
decrement of active viral replication and hepatitis 
activity, while delayed HBeAg seroconversion 

with persistently high viremia after the third–
fourth decade of life indicates a high risk of liver 
cirrhosis and hepatocellular carcinoma (HCC) 
[5–9]. Due to the lack of proofreading ability of 
HBV polymerase, HBV is prone to development 
of mutant strains during the disease course of 
chronic infection. Various HBV mutants, such as 
basal core promoter (BCP) and precore/core gene 
mutation, are associated with different viral 
replication ability and clinical outcomes [10, 11].

Some infected subjects may enter the HBeAg- 
negative hepatitis reactivation phase and develop 
liver cirrhosis or HCC [12, 13]. The majority of 
children with chronic HBV infection present 
with immune-tolerant status initially, enter the 
immune clearance phase with various degrees of 
liver injury in puberty or beyond, and then settle 
at the inactive phase after HBeAg seroconversion 
[14]. Some of them may exhibit elevation of viral 
load with hepatitis flare-up after HBeAg 
seroconversion, the so-called HBeAg- negative 
hepatitis. In an adult study from Taiwan, the 
estimated incidence rates of HBeAg-negative 
hepatitis were 2.9%, 3.8%, and 8.5% in subjects 
with spontaneous HBeAg seroconversion at 
16–30, 30–40, and > 40 years of age, respectively 
[5, 6, 9]. The annual incidence of HBeAg- 
negative hepatitis was estimated to be 0.26–
0.41% in children with chronic HBV infection 
after HBeAg seroconversion [15]. Liver cirrhosis 
and even hepatocellular carcinoma may develop 
afterward [12, 13]. The HBsAg titers decreased 
with age, with an average annual clearance rate 
of 0.58% [16]. Few chronically HBV-infected 
subjects develop HBsAg seroclearance with 

Table 7.1 Summary of the clinical course of chronic hepatitis B virus infection

HBsAg/
anti-HBs

HBeAg/
anti-HBs

HBV viral load 
[107]

ALT 
levels

HBV 
mutants

HBcAg location in 
hepatocyte [108]

Immune-tolerant phase (+)/(−) (+)/(−) >20,000 IU/
mL

Normal − Nuclear

Immune clearance/
inflammatory phase

(+)/(−) (+)/(−) >20,000 IU/
mL

Elevated + Nuclear and 
cytoplasmic

Post-HBeAg 
seroconversion phase
HBeAg-negative 
inactive phase

(+)/(−) (−)/(+) <2000 IU/mL Normal + Absent

HBeAg-negative 
hepatitis phase

(+)/(−) (−)/(+) >2000 IU/mL Elevated + Cytoplasmic
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positive anti-HBs (HBsAg seroconversion) [16, 
17]. The overall cumulative incidence of 
spontaneous HBsAg seroconversion was 5.40%, 
whereas the annual HBsAg seroconversion rate 
was 0.25% in a Taiwanese cohort chronically 
infected with genotypes B or C [17].

Different individuals have different responses 
to HBV during the chronic course of infection. 
For example, the onset of adrenarche and puberty 
modulates the start of immune breakthrough and 
the severity of liver inflammation in chronic 
HBV-infected children. The genotype and 
phenotype of human cytokines, innate immunity, 
and human leukocyte antigens (HLA) are also 
associated with the onset of immune clearance of 
chronic HBV infection and severity of 
inflammation [18].

Both host and viral factors trigger the immune 
clearance/inflammatory phase, HBeAg seroclear-
ance/seroconversion, HBsAg seroclearance/sero-
conversion, and even the occurrence of 
HBeAg-negative hepatitis flare. Several of these 
factors are key determinants of liver injury, 
chronic liver failure, liver cirrhosis, and even 
HCC.

7.2  Host Factors Affecting 
the Natural Course 
of Hepatitis B Virus Infection: 
From Hepatocyte, Human 
Endocrine to Immune 
Systems

7.2.1  Host Hepatocyte: Sodium 
Taurocholate Co-transporting 
Polypeptide (NTCP) Receptor

A liver-specific bile acid transporter, which is 
encoded by SLC10A1, has been identified as the 
cellular receptor for HBV [19, 20]. The NTCP- 
binding lipopeptide that originates from the first 
47 amino acids of the pre-S1 domain of the HBV 
large protein blocks taurocholate transport [19, 
20]. Identification of NTCP as an HBV receptor 
facilitates understanding of the HBV life cycle 
and biology, including the identification of host 
restriction and dependency factors. The impact of 

NCTP gene polymorphisms on the clinical course 
of chronically HBV-infected children has not 
been well elucidated yet. The SLC10A1 (NTCP) 
S267F variant accounts for about 9% of the East 
Asian population and is independently associated 
with a decreased risk of liver cirrhosis and HCC 
occurrence and resistance to chronic HBV 
infection [21]. NTCP may also serve as a new 
therapeutic target in the development of new anti- 
HBV agents.

7.2.2  Human Endocrine Systems

In pediatric chronic HBV infection, the spontane-
ous HBeAg seroconversion rate was estimated to 
be low before 10  years of age and accelerated 
later after the adrenarche and puberty [14, 22–
24]. The annual spontaneous HBeAg seroconver-
sion rate was 1.70%  ±  1.78% (95% CI 
0.43%–2.97%) in the first decade of life, 
3.78%  ±  1.63% (95% CI 2.61%–4.94%) in the 
second decade of life, and 4.02% ± 2.29% (95% 
CI 1.61%–6.23%) in the third decade of life in a 
genotype B and C cohort with chronic 
HB-infection [14].

Earlier puberty onset is associated with earlier 
HBeAg seroconversion in boys with chronic HBV 
infection [23]. Earlier menarche in girls, indicat-
ing earlier puberty onset, is also associated with 
earlier HBeAg seroconversion [24]. The clinical 
course of various infections differs greatly 
between males and females, probably because of 
the interaction between sex hormones and 
immune systems [25, 26]. Previous animal studies 
showed the androgen pathway can enhance the 
transcription of HBV and block the tumor sup-
pressor gene in early hepatocarcinogenesis, while 
the estrogen pathway can suppress the transcrip-
tion of HBV gene [27–29].

Dehydroepiandrosterone sulfate (DHEAS) is 
known as a serum marker of adrenarche in 
humans. The serum DHEAS levels are usually 
elevated around 2  years before puberty and are 
significantly associated with the age of HBeAg 
seroconversion in chronic HBV-infected boys and 
girls [30]. The serum DHEAS level is usually 
elevated around 6–8 years of age in both genders, 
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is persistently elevated during the second decade 
of life, and peaks at the third decade of life [31, 
32]. DHEAS is reported as a potent immune mod-
ulator to various infectious pathogens, including 
parasites, mycobacterium tuberculosis, and even 
human immunodeficiency virus [31–35]. DHEAS 
exhibits an immune stimulatory effect and medi-
ates the cross talk between the hypothalamic-pitu-
itary-adrenocortical axis hormones and the 
systemic immune system. A high serum DHEAS 
level at mid-puberty has been proven to be associ-
ated with a decreased HBV viral load and HBsAg 
titer in adolescents and adults [30]. Endocrine fac-
tors, particularly DHEAS, may be partially 
responsible for the initiation of the breakthrough 
of the immune- tolerant phase in patients with 
chronic HBV infection.

7.2.3  Adaptive and Innate 
Immunity

Both adaptive and innate immune systems in 
humans are critical in terms of the clinical out-
comes. Human cytokines play important roles in 
the adaptive immunity to defend against patho-
gens either by direct inhibition of viral replication 
or indirectly by determining the predominant pat-
tern of host immune response, which is regulated 
by the human genetic background and modulates 
the clinical outcomes of viral infection. Previous 
studies showed interferon-γ and tumor necrosis 
factor-α (TNF-α) may contribute to the cell-medi-
ated anti-HBV response in children with chronic 
HBV infection entering the immune clearance/
inflammatory phase [36, 37].

A cohort study with candidate gene approach 
demonstrated that interleukin (IL)-10 and IL-12 
correlate with the HBeAg seroconversion age 
and severity of inflammation during the immune 
clearance/inflammatory phase [38]. The 
IL-10- 1082  G/G genotype is associated with 
higher serum IL-10 levels, while the 
IL-12β − 10,993 C/G genotype is associated with 
higher HBcAg- inducible IL-12 secretion of 
peripheral blood mononuclear cells in vitro [38]. 
Both are associated with earlier initiation of 
clearance/inflammatory phase and spontaneous 

HBeAg seroconversion in patients with chronic 
HBV infection [38]. IL-12 is a pro-inflammatory 
cytokine that promotes Th1 cell differentiation 
and suppresses Th2 cells and enhances the 
production of antiviral cytokines, such as INF-γ 
and IL-2, by mononuclear cells, and amplifies the 
cytotoxicity of cytotoxic T lymphocyte (CTL) 
and natural killer cells [39]. Although IL-10 is 
generally considered to be immunosuppressive 
during chronic viral infection, it also reportedly 
activates CTL in the presence of IL-2, the 
downstream signal of IL-12 [40].

The A-allele of IL-10 single-nucleotide poly-
morphism (SNP) rs1800872 and the G-allele of 
IL-12β SNP rs3212217 were predictors of spon-
taneous HBsAg seroconversion and recovery 
from HBV infection [41]. During the immune 
clearance/inflammatory phase in human liver 
tissues, the IL-10 and IL-12β mRNA abundances 
were positively correlated with interferon-γ 
mRNA expression levels [42]. The interferon-γ 
mRNA abundance in human liver tissues was 
correlated with low furin, high program death 1 
(PD-1), and high program death ligand-1 (PD- 
L1) mRNA levels in liver tissue from HBeAg- 
positive patients during the immune clearance/
inflammatory phase [41, 42]. The intrahepatic 
interferon-γ may modulate the inflammatory 
response to avoid excessive hepatocyte damage 
through the enhancement of PD-1/PD-L1 
pathway activation, whereas interferon-γ- 
mediated furin suppression may contribute to a 
suppression of HBV protein (HBeAg and 
HBsAg) biosynthesis [41–44].

Furin, a human proprotein peptidase, located 
at the endoplasmic reticulum membrane in 
hepatocytes, is used by HBV to facilitate the 
biosynthesis and maturation of HBeAg from the 
25-kDa proprotein to the 17-kDa mature HBeAg 
[45]. The inhibition of furin either by interferon-γ, 
small molecular weight antagonists, or even 
knockdown experiments, all inhibited the 
biosynthesis of mature HBeAg in both in  vivo 
and in vitro studies [41, 46].

The activation of PD-1/PD-L1 pathway is 
considered to be a marker of immunologic 
tolerance and T-cell dysfunction in the presence 
of various kinds of infectious pathogens, 
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including HBV [47, 48]. The blockage of PD-1 
and PD-L1 is demonstrated to enhance the 
reactivation of HBV-specific CTLs and secretion 
of interferon-γ by circulating intrahepatic 
lymphocytes in subjects with chronic HBV 
infection after their HBeAg seroconversion [49]. 
The non-expression of the PD-1/PD-L1 pathway 
was reported to be associated with the occurrence 
of fulminant hepatic failure in acute HBV- 
infected patients [50]. Hence, upregulation of the 
PD-1/PD-L1 pathway may efficiently mitigate 
pathogenic T-cell responses, limit liver 
inflammation, and avoid excessive liver damage 
and fulminant hepatic failure in patients with 
HBV infection [49, 50]. The PD-1/PD-L1 
pathway is thus considered to play a key 
regulatory role in avoiding excessive liver 
damage when the inflammatory response is 
programmed to turn off or the immune response 
fails to clear the pathogen [41, 50–52]. Most 
patients with chronic HBV infection may break 
through the immune-tolerant status and 
experience a flare of hepatitis at the immune 
clearance/inflammatory phase, followed by an 
inactive phase after HBeAg seroconversion, with 
a decline in viral load and normalization of 
ALT.  The interferon-γ-mediated pathway to 
suppress HBV during the immune clearance/
inflammatory phase, including the upregulation 
of PD-1/PD-L1 pathway and downregulation of 
furin, may serve as important regulators of the 
transition from the cytolytic to the non-cytolytic 
HBV suppression pathway inside the liver. 
Activation of this pathway avoids excessive liver 
damage and occurrence of fulminant hepatic 
failure during the immune clearance/
inflammatory phase [41].

Human T lymphocytes may identify HBV viral 
peptides presented by HLA on antigen- presenting 
cells. Variations in immune responses to various 
infectious pathogens are often associated with 
HLA gene polymorphisms in humans [53]. A pre-
vious cross-sectional study demonstrated the major 
histocompatibility complex (MHC) class II alleles 
HLA- DRB1*1301–02 are associated with protec-
tion against persistent HBV infection in Gambia, 
and the findings were further confirmed by two 
other independent studies in Germany and Korea 

[54–56]. Other studies suggested a protective role 
of HLA-DR2, HLA-DR*0406, HLA-B*4001, and 
HLA-DR7 against acute HBV infection in human 
[57, 58]. A recent genome-wide association cross-
sectional study showed the association of HLA-DP 
with protection against chronic HBV and with the 
clinical course of HBV clearance in Korean and 
Japanese [59]. Our previous cohort showed the 
HLA-B61 and HLA-DQB1*0503 are associated 
with earlier breakthrough of immune- tolerant 
phase and earlier HBeAg seroconversion age in 
Taiwanese children with genotype B and C chronic 
HBV infection [60].

Mounting evidence indicates that innate 
immune responses play roles in human infectious 
diseases, especially the toll-like receptor (TLR) 
signaling pathway. TLR signaling pathways are 
essential to the defense mechanism against various 
pathogens by activating downstream inflammatory 
cascades like nuclear factor κB, interferon regula-
tory factor, mitogen-activated protein kinases, and 
pro-inflammatory cytokines to modulate the clini-
cal course of infectious diseases in human [61, 
62]. Chronically HBV- infected patients with TLR5 
rs5744174 (p.Phe616Leu) and C-allele at TLR9 
rs5743836 promoter region polymorphism might 
experience an early spontaneous HBeAg serocon-
version [61]. TLR5 rs5744174 (p.Phe616Leu) is 
associated with higher interferon-γ production in 
patients with chronic HBV infection, and the 
C-allele at the TLR9 rs5743836 promoter poly-
morphism site was reported to increase TLR9 
receptor expression levels, which may mediate 
signals from thymosin alpha-1 to suppress the rep-
lication of HBV through downstream cytokine 
signal cascades [61].

The G-allele carriers at TLR4 SNP rs4986790 
(p.Asp299Gly) in a cohort of patients with 
chronic HBV infection experienced spontaneous 
HBsAg seroconversion [61]. A recent animal 
study showed that gut microbiota may stimulate 
liver immune responses through the 
 TLR4- dependent pathway, resulting in rapid 
HBV clearance in the mouse model [42, 61, 62].

These data suggest that both the adaptive 
immune (IL-10 and IL-12) and innate immune 
factors (TLR-5 and TLR-9) may modulate the 
interferon-γ-mediated HBV suppression pathway 
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to promote breakthrough of the immune-tolerant 
phase, early HBeAg seroconversion, and 
clearance of HBV in humans. In the meantime, 
interferon-γ may fine-tune the PD-1 and PD-L1 
pathway to avoid excessive liver damage in the 
immune clearance/inflammation phase.

7.3  Viral Factors Affecting 
the Natural Course of HBV 
Infection

7.3.1  HBV Genotypes

Eight genotypes (A–H) of HBV have been 
defined in the world. Different HBV genotypes 
are recognized to be important predictors of 
clinical outcomes of chronic HBV infection in 
humans. In India, genotype D HBV was reported 
to induce more severe liver damage than genotype 
A HBV and is associated with a higher incidence 
of HCC [63]. In Eastern Asian countries, 
genotypes B and C are the predominant HBV 
strains, while genotype C is noted to associate 
with severe liver disease, delayed spontaneous 
HBeAg seroconversion, and higher incidence of 
HBeAg-negative hepatitis than genotype B HBV 
in both adults and children [15, 64, 65]. The 
genotype Ba HBV was reported to associate with 
the development of HCC in young non-cirrhotic 
patients in Taiwan, while the genotype Bj HBV 
does not correlate with increased HCC risk as 
compared with genotype C HBV infection in 
Japan [66].

7.3.2  HBV Mutants and Viremia 
Profile

Due to the lack of proofreading of the HBV poly-
merase, HBV is prone to development of various 
mutant strains under host immune selection pres-
sure. Wild-type HBV is the dominant strain dur-
ing the natural infection. Approximately 10–24% 
of children develop HBV precore mutants before 
HBeAg seroconversion, and around 50% of chil-

dren develop these mutants after HBeAg serocon-
version [67, 68].

Mutations of the core promoter at nucleotide 
positions A1752G, A1775G, and G1799C 
correlate significantly with the occurrence of 
HBeAg seroconversion; the precore stop codon 
G1896A mutant exists in 50% of chronic HBV- 
infected children after HBeAg seroconversion 
[68]. Genotype C HBV is associated with BCP 
A1762T/G1764A mutations during HBeAg 
seroconversion [68]. The prevalence of HBV 
precore/core mutant strains increases significantly 
in the immune clearance/inflammatory phase 
compared to the immune-tolerant phase in 
patients with chronic HBV infection [69]. The 
presence of BCP A1762T/G1764A mutant strain 
was also demonstrated to be associated with the 
occurrence of HBeAg-negative hepatitis flare-up 
after HBeAg seroconversion in a pediatric 
chronic HBV cohort infected by genotypes B and 
C [15]. The increased proportion of BCP A1762T/
G1764A mutant strains in adults chronically 
infected with genotype B or C was correlated 
with an increased risk of liver cirrhosis and HCC 
[70, 71]. A recent quantitative analysis of precore 
stop codon G1896A and BCP A1762T/G1764A 
mutants in interferon-treated patients showed 
that the distinct HBV evolution/mutation patterns 
during HBeAg seroconversion may present with 
different HBV viremia patterns after HBeAg 
seroconversion [72]. The presence of BCP 
A1762T/ G1764A mutants after HBeAg 
seroconversion was recently reported to associate 
with HBeAg-negative hepatitis and liver cirrhosis 
in later life [15, 73].

HBeAg seroconversion in young children 
with chronic HBV infection showed decreased 
viral loads, persistently normal ALT levels, lower 
risk of HBeAg-negative hepatitis, and uneventful 
courses after HBeAg seroconversion [15, 74]. 
HBeAg seroconversion beyond the fourth decade 
of life in adults is associated with an increased 
risk of liver cirrhosis and HCC occurrence [8, 9, 
75]. These data implied that different immune 
mechanisms and perhaps different HBV mutants 
selected during the course of the immune 
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clearance/inflammatory phase between young 
and old HBeAg seroconverters may lead to dif-
ferent consequences of chronic HBV infection.

HBV precore/core gene mutants which 
occurred during the immune clearance/
inflammatory phase are known to be the result of 
viral escape mutations occurring under host 
immune selection pressure [10, 75]. Mutations in 
the HBV precore/core gene may change the 
amino acid sequence, protein structure, 
antigenicity, and the biological function of both 
HBeAg and HBcAg. The alteration of HBcAg 
sequence and structure may change the stability 
of HBV nucleocapsid, the HBV pre-genomic 
RNA (pgRNA) packaging, and the efficacy and 
accuracy of HBV replication [76–78]. A previous 
study showed that subjects carrying the 
IL-10- 1082 polymorphism site G/G genotype 
exhibited high HBV P135Q mutations during the 
immune clearance/inflammatory phase and 
decreased HBV viral load after HBeAg 
seroconversion [69]. The HBV core protein 
P135Q mutant and the precore stop codon 
G1896A mutant were the most prevalent mutants 
before HBeAg seroconversion in genotype B and 
C subjects with chronic HBV infection [69, 78]. 
The HBV P135Q mutant strain was further 
demonstrated to alter the HBV capsid assembly 
and the HBeAg biosynthesis and to reduce human 
immune responses after HBeAg seroconversion 
[78–80].

7.3.3  Pediatric HCC

The age at HBeAg seroconversion and the sever-
ity of liver damage during the immune clearance/
inflammation phase are both important outcome 
predictors during the chronic course of HBV 
infection [81–84]. Extremely early HBeAg sero-
conversion before 3 years of age, in an immature 
liver, with severe liver damage was regarded to 
increase the risk of childhood HCC [85–91]. The 
pre-S2 deletion of HBV genome was reported in 
nearly half of children with HBV- related HCC 
[92–99].

7.3.4  De Novo HBV Infection 
After Liver Transplantation

The shortage of liver donors leads to the use of 
HBsAg-negative and anti-HBc-positive liver 
allografts for patients in need of orthotopic liver 
transplantation (OLT) in HBV-endemic areas, 
while occult HBV infection (OBI) in these grafts 
may lead to de novo HBV infection after liver 
transplantation [100–103]. Without adequate 
prophylaxis in liver recipients receiving a graft 
from an HBsAg-negative/anti-HBc-positive 
donor, the incidence of de novo HBV infection in 
pediatric OLT recipients is up to 15.3% in HBV- 
endemic areas [102]. An anti-HB titer of >200 
mIU/mL prior to liver transplant and the usage of 
hepatitis B immunoglobulin (HBIG) and antiviral 
agents may effectively reduce the risk of de novo 
HBV infection in liver recipients receiving 
HBsAg-negative/anti-HBc-positive liver 
allografts [101–104]. In a recent systematic 
review, de novo infection rates were 19%, 2.6%, 
and 2.8% in HBsAg-negative recipients under 
HBIG, lamivudine, and combination of the two, 
respectively [104]. Mutations in the major S gene 
(681 base pairs) were discovered in 88.9% of de 
novo HBV-infected children after liver transplant 
[105]. The majority of them harbored mutations 
within the a determinant region (codons 124–
147) [105].

7.3.5  Future Prospects 
in Pediatric HBV

HBV infection remains one of the most common 
pathogens of viral hepatitis globally to date. 
Universal HBV vaccination eliminated a vast 
majority of chronic HBV infection in the world, 
but vaccination failure in newborn born to a 
mother with high viremia still existed [106, 107]. 
After universal vaccination in HBV-endemic 
areas, the transmission of HBV from mothers 
with high HBV viremia and incomplete 
immunization was associated with breakthrough 
infection and the development of HCC [95, 106]. 
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Vaccine escape mutants may develop after 
immunoprophylaxis, and their long-term impact 
on the clinical course of chronic HBV seemed to 
be milder but needs further investigation [85–88].

7.4 Summary

The viral factors (genotype, viral load, mutant 
strains, etc.), host factors (hormone, adaptive 
immunity, innate immunity, etc.), and host-virus 
interactions all act together to modulate the natu-
ral course of chronic HBV infection [15, 17, 23, 
108]. The early childhood events of chronic 
HBV infection, reflecting the complex interac-
tions between the host and HBV, are early key 
predictors of the late outcomes of chronic HBV 
infection.

Careful monitoring of host and viral biomark-
ers and providing adequate and effective thera-
peutic interventions may improve the long- term 
outcome of patients with chronic HBV infection.  
Elucidation of the mechanisms triggering liver 
inflammation and their long-term impact may 
enhance the development of better and earlier 
therapeutic strategies for children with chronic 
HBV infection.
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Immune Tolerance and Hepatitis B

Michelle Hong and Antonio Bertoletti

Abstract
Chronic hepatitis B (CHB) infection is the 
major cause of liver cirrhosis and hepatocel-
lular carcinoma. Current treatment for CHB 
aims to suppress viral replication with little 
emphasis on viral eradication, and lifelong 
therapy is required in the majority of infected 
patients. CHB infection is, particularly in 
Asia, the result of virus transmission from 
HBV+ mothers to their infants/children. HBV 
is thought to exploit the immaturity of the host 
immune system by inducing a state of immune 
tolerance that facilitates HBV persistence. 
Consequently, treatment is generally not rec-
ommended in “immunotolerant” children or 
young patients due to the presumably lack of 
disease/immune activity and poor treatment 
responses. However, recent advances in our 
understanding of the immunopathological 
manifestations of the disease challenge the 
concept of a generic immunotolerant state in 

CHB-infected children/young patients, with 
immunological, histological, and virological 
evidence supporting an underlying active dis-
ease. Thus, we propose a need to redefine the 
major phases of CHB infection, with the “high 
replicative, low inflammatory” phase replac-
ing the classical “immune tolerant” phase. 
With many new and exciting HBV therapeutic 
strategies in the development pipeline, 
together with our changing perceptions of the 
disease, we address the potential to consider 
earlier therapeutic intervention in young 
patients to better harness their immune system 
to achieve a “functional cure.”

Keywords
Hepatitis B · Vertical transmission · Immune 
tolerance · HBV-specific T cells · Trained 
immunity · Antiviral therapy · 
Immunomodulator

8.1  Global Importance 
of Hepatitis B

The World Health Organization (WHO) esti-
mates that approximately 240 million people, or 
about 4% of the global population, are chroni-
cally infected with hepatitis B virus (HBV) rep-
resenting a major public health problem [1, 2]. 
About half of the world’s population with chronic 
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HBV lives in areas of high endemicity, including 
Asia and sub-Saharan Africa, and the develop-
ment of chronicity, particularly in Asia, is usually 
the result of virus transmission from HBV+ moth-
ers to their infants. Despite the development of an 
effective HBV prophylactic vaccine since the 
1980s [3, 4], the prevalence of the virus continues 
to increase, and liver-related morbidity and mor-
tality due to chronic hepatitis B (CHB) including 
cirrhosis and hepatocellular carcinoma account 
for more than 600,000 deaths per year [5].

Hepatitis B virus is a hepatotropic, non- 
cytopathic, DNA virus that causes acute or 
chronic liver diseases characterized by different 
levels of liver inflammation and viral replication. 
An acute HBV infection is often self-limited and 
resolves without any clinical symptoms or with 
acute liver inflammation (acute hepatitis). Other 
patients fail to clear the virus and develop chronic 
infection. Persistent HBV infection can cause 
minimal pathological manifestations or trigger 
chronic liver inflammation that develops into 
liver cirrhosis or cancer [2]. These different clini-
cal and virological profiles are determined by a 
complex interplay of host and viral factors 
including host genetic background, dose or route 
of infection, viral genotype, and age of the patient 
at the time of infection [6, 7]. The natural history 
of chronic HBV is considered to evolve through a 
number of distinct disease phases reflecting dif-
ferent points in the host-virus relationship. Thus, 
understanding the concept of these different 
phases not only sheds light on the pathogenesis 
of chronic HBV infection but also helps deter-
mine the optical timing and strategy of antiviral 
therapy toward the ultimate goal of HBV cure.

8.2  Revisiting the Natural 
History of Chronic 
Hepatitis B

Classically, the natural history of CHB is divided 
into four distinct chronological phases: immune 
tolerance, immune clearance, inactive carrier, 
and reactivation phases. In recent years, our 
understanding of HBV immunopathogenesis and 
virology has improved considerably. This has 

prompted researchers into redefining the phases 
of infection during the natural course of CHB, 
given that the classical definition of disease 
phases may not accurately reflect the true immu-
nological status of patients in each phase. The 
course of HBV infection depends largely on the 
age of the patient at the time of infection, with 
more than 90% chronicity following vertical or 
perinatal transmission, 20–30% between the ages 
of 1–5 years, and less than 5% in immunocompe-
tent adults [8, 9]. Based on our newfound knowl-
edge on the immunopathogenesis and virology of 
the disease, we propose an alternative interpreta-
tion of the natural history of CHB: high replica-
tive low inflammatory or HRLI (previously 
known as “immune tolerance”), low replicative 
high inflammatory or LRHI (previously known 
as “immune clearance”), non-replicative or NR 
(previously known as “inactive carrier”), and 
reactivation phase (Fig.  8.1). It is important to 
note that CHB is a dynamic disease and the stages 
of infection are not always sequential, with the 
possibility of transition from one phase to another 
in any direction [10]. It should also be noted that 
not all patients will go through all four phases, 
and arguments against such new definitions have 
raised an interesting debate [11].

Nevertheless, what we proposed to define as 
the initial “high replicative, low inflammatory” or 
HRLI phase (previously termed “immune toler-
ance”) is characteristically associated with peri-
natal infection or infection acquired during early 
childhood, the predominant mode of HBV trans-
mission in Asia or Africa [4]. In patients infected 
perinatally or during early childhood, there is 
commonly a prolonged period of high serum 
HBV DNA levels, positive hepatitis B e antigen 
(HBeAg) in the sera, normal or low serum ala-
nine aminotransferase (ALT) levels, and minimal 
or no liver inflammation that usually lasts from a 
few years to several decades without disease pro-
gression [6, 8, 12]. It is thought that the establish-
ment of persistent infection is due to immaturity 
of the neonatal immune system, i.e., the inability 
to mount a virus-specific immune response [7], 
or deletion/exhaustion of HBV-specific T cells in 
utero due to high levels of viral antigenemia from 
the mother [13]. CHB is believed to run a benign 
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course in children and young adults [14, 15], and 
therefore antiviral therapy is generally not 
 recommended during this phase. However, the 
concept that this disease phase remains quiescent 
in children and young adults is now increasingly 
being challenged (refer next Sects. 8.3 on 
Vertical Transmission of Hepatitis B: Does  
It Induce Immune Tolerance? and 8.4 
Immunological and Virological Parameters 
During the HRLI Phase of HBV Infection).

The transition from HRLI phase to the low 
replicative, high inflammatory phase or LRHI 
(previously known as “immune clearance”) is 
characterized by HBeAg positivity at the outset 
and fluctuating levels of serum HBV DNA and 
ALT. ALT levels are persistently or intermittently 
elevated, reflecting immune activity against the 
virus. Consequently, HBV DNA levels fluctuate, 
decreasing from high (>20,000 IU/ml) to low or 
undetectable levels (>2000  IU/ml). Similarly, 

Fig. 8.1 Proposed new representations of the major 
phases of chronic hepatitis B infection. We propose to 
redefine the natural history of CHB into four major phases: 
high replicative, low inflammatory (HRLI); low replica-
tive, high inflammatory (LRHI); non-replicative (NR); and 

reactivation. The corresponding virological, serological, 
biochemical, histological, and immunological characteris-
tics are shown in the figure. These phases do not occur in 
all patients, and transitions between them are dynamic and 
can be non-sequential. ULT – upper limit of normal
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Alt  levels eventually decline to normal levels 
(<25  U/l for males and <  22  U/l for females 
or < 33 U/l for males and < 24 U/l for females 
according to the NHANES-derived normal val-
ues [16] and CALIPER study [17], respectively). 
There is high to minimal necroinflammation in 
the liver and the emergence of core and precore 
mutations in some patients. The mechanism(s) 
involved in the transition from the HRLI phase to 
the LRHI phase remains largely unknown, but it 
is thought to represent an “awakening” or activa-
tion of the immune response to actively “combat” 
HBV infection [7] and is therefore associated 
with immune-mediated liver injury leading to 
liver damage, progressive disease, and the devel-
opment of fibrosis [18]. Following the LRHI 
phase, the majority of patients will eventually 
undergo HBeAg seroconversion, defined by the 
loss of HBeAg and the appearance of anti-HBe 
antibody. The remaining 10% of patients encoun-
ter recurrent hepatic flares and remain positive 
for HBeAg and often require antiviral therapy.

Following HBeAg seroconversion, about 
70–80% of patients then enter a residual “non- 
replicative” or NR phase (previously known as 
“inactive carrier”), reflecting immune control of 
the virus. Transition from LRHI to NR phase is 
not a definite sequence of events, since it depends 
on the individual host’s ability to control the 
virus. This phase is characterized by sustained 
low (<2000  IU/ml) or undetectable HBV DNA 
levels, normalization of ALT, and minimal or no 
hepatic necroinflammation. A small proportion 
of HBeAg seroconverters will eventually undergo 
spontaneous HBsAg loss, which may indicate 
either (1) the resolution of CHB, and such 
patients usually have good clinical outcome pro-
vided there is no underlying cirrhosis, or (2) 
occult HBV infection, in which there is loss of 
HBsAg but intrahepatic persistence of the entire 
viral genome as free episomal forms and, in par-
ticular, the persistence of viral cccDNA as stable 
chromatinized episomes. There is detectable HBV 
DNA in the liver and very low or undetectable 
HBV DNA in the serum, and in certain cases all 
serum HBV markers are negative [19].

A proportion of patients with HBeAg serocon-
version may develop disease reactivation, with 

5% experiencing HBeAg reversion [2, 20] and 
10–20% of them encounter reactivation of hepa-
titis with elevated serum HBV DNA level 
(>2000  IU/ml) and fluctuations in ALT despite 
remaining negative for HBeAg. This phase of 
disease is referred as HBeAg-negative CHB, and 
these patients usually have low rates of spontane-
ous remission, with high risk of HBV complica-
tions if left untreated [21–23].

8.3  Vertical Transmission 
of Hepatitis B: Does It Induce 
Immune Tolerance?

Mother-to-child transmission (or vertical trans-
mission) of viruses is often associated with 
higher levels of viral replication, a greater risk of 
persistent or chronic infection, and more severe 
disease outcome compared to those acquired dur-
ing adulthood [24]. Chronic HBV infection, par-
ticularly in Asia, is caused by mother-to-child 
transmission of the virus. HBV infection in 
infants or young children is usually asymptom-
atic until late adulthood, when it causes liver 
pathologies (cirrhosis and hepatocellular carci-
noma) [2]. To explain this dichotomy, HBV verti-
cal infection is thought to induce an 
“immunotolerant phase” of disease, character-
ized by high level of HBV replication and low 
incidence of liver inflammatory events.

This immunotolerance hypothesis is mainly 
supported by data from experimental animal 
models (i.e., HBV transgenic animals) that 
showed the presence of immunological defects 
which impair HBV-specific T- and B cell priming 
in neonatal animals [13, 25, 26], thus predispos-
ing to HBV chronicity. A recent study in 2016 by 
Tian et  al. [27] investigated the immunological 
mechanisms contributing to the ability of HBV to 
establish chronicity after vertical infection using 
a mouse model of HBV persistence. The authors 
found qualitative and quantitative defects in 
HBV-specific CD8+ T cells in mice born to 
HBeAg-transgenic mothers, and these defects 
were associated with the expression of the co- 
inhibitory ligand PD-L1 on HBeAg-conditioned 
macrophages. As a result, mice born to HBeAg+ 
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mothers failed to clear HBV from the liver fol-
lowing hydrodynamic transfection. While these 
data are methodologically robust, their signifi-
cance in relation to HBV pathogenesis should be 
taken with caution, since the data supporting 
such immunological features are derived exclu-
sively from HBV transgenic animals that do not 
support natural HBV infection. Instead, HBV 
virions are produced from HBV transgenes intro-
duced into the mouse genome under the control 
of hepatocyte-specific promoter and as such can-
not fully recapitulate the natural course of HBV 
infection. Therefore, a lack of appropriate animal 
models represents a major hurdle to study immu-
notolerance in HBV [28].

The concept of immunological tolerance, the 
basis of which the disease is managed and treat-
ment decisions are made, is increasingly being 
challenged. Although the immunological data 
both during and after natural vertical HBV infec-
tion is limited, several epidemiological and 
experimental evidences can be used to challenge 
this concept of immunotolerance during vertical 
HBV infection. For example, the functionality of 
dendritic cells, immune cells important for the 
presentation and maturation of HBV-specific T 
cells, are intact or minimally altered in neonates 
of HBV+ mothers [29–31]. Furthermore, a better 
analysis of T cells during natural vertical HBV 
infection has demonstrated that both core- and 
polymerase-specific T cells can be detected in 
HBsAg-negative children born to HBV+ mothers 
in two independent studies [32, 33]. This shows 
that neonates born to HBV+ mothers do not nec-
essarily harbor defects in T cell priming and that 
they have the ability to mount HBV-specific  
T cell responses. Analysis of HBV quasispecies 
in children with a clinical profile labeled as 
immunotolerant showed a high HBV diversity 
[34], a virological profile that is compatible with 
the presence of an active immune pressure and 
not with complete immune tolerance during this 
initial phase of infection.

Furthermore, the efficacy of HBV vaccination 
at birth in HBV+ children [35, 36] raises doubts 
that the state of complete HBV immune tolerance 
and the broad defects in T- and B cell interaction 
detected in murine models exist during natural 

infection. The dogma of immunotolerance in ver-
tical HBV-infected children is also in contrast to 
epidemiological observations showing that HBV- 
related fulminant hepatitis is more frequent in 
infants <1 year of age compared to older subjects 
[37] or with the observations obtained from 
malaria-HBV coinfected young patients in whom 
reduced parasitemia [38] and increased inci-
dences of cerebral malaria [39], a Th1-mediated 
malaria complication, have been reported. Such 
observations are more in line with the possibility 
of an alternative relationship between HBV and 
humans during early life.

The concept that the neonatal immune 
response is somehow “defective” or “immature” 
is also changing, and there is mounting evidence 
showing that the neonatal immune responses 
defy such simple categorization. Recent findings 
have provided new insights that the immune 
effectors as well as regulatory responses are 
already in place during early fetal life [40, 41]. 
Newborns have also been shown to have the abil-
ity to mount virus-specific T cell response toward 
viral infections in early life [42–44]. Besides, 
exposure of the newborn immune system toward 
microbes at birth can also alter the maturation 
status of the newborn infant. For instance, epide-
miological and experimental evidences have 
shown that exposure to bacterial or viral infec-
tions after birth and vaccination with live vac-
cines can protect infants against unrelated 
pathogens by inducing an increased functional 
efficiency of their innate immune system. Such 
nonspecific enhancement of innate immune func-
tionality against reinfection has been termed 
“trained immunity” [45]. All these earlier reports 
show that the immune system of newborns and 
infants is not “immature” or “defective” per se. 
Rather, it appears to be less prone to trigger a 
full-blown pro-inflammatory reaction, likely as 
an evolutionary adaptation to prevent undesirable 
immune reactions in utero.

We have recently performed a detailed charac-
terization of the immunological parameters in the 
cord blood of newborns of HBV+ mothers. 
Contrary to the dogma of generic immunotoler-
ance, we found that HBV exposure in utero trig-
gers a state of “trained immunity,” characterized 
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by increased innate immune cell activation and 
Th1 development, which in turn enhances the 
ability of HBV-exposed cord blood immune cells 
to respond to bacterial infection in vitro [46] 
(Fig.  8.2). These training effects are associated 
with alterations in the cytokine environment. 
Specifically, cytokine analysis in the sera of neo-
nates born to HBV+ mothers revealed a cytokine 
signature compatible with a Th1-like response 

with higher production of IL-12p40, and in some 
cases IFN-α2, and lower production of IL-10 and 
pro-inflammatory cytokines (such as IL-6, IL-8, 
TNF-α). This Th1 cytokine signature is more 
suggestive of a symbiotic relationship between 
HBV and humans during early life, similar to that 
already demonstrated in murine models of her-
pesvirus persistent infection [47] than to the 
induction of a tolerogenic response. Various 

Fig. 8.2 Trained immunity in neonates of HBV+ moth-
ers. HBsAg+ cells could be detected in the neonatal cord 
blood of HBV-infected mothers, demonstrating in utero 
exposure to viral products. These HBsAg+ cells could be 
due to transplacental passage of maternal HBsAg+ cells or 
active uptake of serum HBsAg by neonatal cells. HBV 
exposure in utero was associated with significantly ele-
vated plasma levels of the antiviral cytokine IL-12p40 

and, in some cases, IFN-α2. Exposure to HBV in utero 
also induced innate immune cell (including monocytes 
and NK cells) maturation/activation, and enhanced Th1 T 
cell development. Importantly, this heightened state of 
innate immune functionality results in a stronger ability of 
neonatal immune cells to respond to unrelated pathogen 
challenge, in a process known as “trained immunity”
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attempts to detect HBV-specific T cells in cord 
blood of HBV+ mothers were unsuccessful, 
 supporting the hypothesis that HBV vertical 
infection can preferentially tolerize HBV-specific 
immunity. Nonetheless, whether the absence of 
HBV-specific T cells in cord blood is really 
linked to genuine features of immunotolerance is 
questionable since it is difficult to study, due to 
ethical constraints, whether these neonates are 
infected by HBV (i.e., HBV replication in the 
hepatocytes) or are only exposed to it (i.e., HBV 
is present in the circulation but is not able to 
establish a productive infection in hepatocytes). 
Nevertheless, the induction of a trained immunity 
profile with a general Th1 response and suppres-
sion of pro-inflammatory events in HBV-exposed 
neonates show that the neonatal immune system 
can be “trained” by HBV exposure and further 
activated to possibly counteract unrelated patho-
gens during early life.

8.4  Immunological 
and Virological Parameters 
During the HRLI Phase 
of HBV Infection

Most of the evidence supporting an immunotol-
erance disease phase of HBV infection during 
early childhood is based on clinical and virologi-
cal parameters. HBV is not directly cytopathic, 
and HBV-specific CD8+ T cells control virus rep-
lication by recognizing and killing HBV-infected 
hepatocytes [48]. As a consequence, ALT is 
released from dying hepatocytes leading to a rise 
in serum ALT levels. Therefore, serum ALT is 
interpreted as a marker of immune activity, i.e., 
the presence or absence of ALT fluctuations cor-
relates with the presence or absence of HBV- 
specific T cells. In this context, normal or minimal 
alterations in ALT levels, detectable in the major-
ity of HBV-infected children, have been per-
ceived as an indication of lack of HBV-specific T 
cell response. On the other hand, fluctuations in 
the levels of ALT and HBV DNA replication, 
more commonly observed during adulthood, are 
interpreted as an “awakening” of HBV-specific 
immunity.

In reality, both experimental data in animal 
models and in humans during natural HBV infec-
tion have shown that ALT measurement cannot 
be used as a reliable surrogate of a virus-specific 
T cell response. Studies performed in adenovirus- 
infected mice revealed that T cell immunity 
against hepatocytes could occur without eleva-
tion in serum ALT level [49]. Furthermore, adop-
tive transfer of HBV-specific T cells can lead to 
substantial inhibition of HBV replication without 
increase in serum ALT through cytokine- 
mediated non-cytopathic effects [50]. Direct 
quantification of HBV-specific T cells in the 
blood and liver of CHB patients has shown that, 
in contrast to patients with acute hepatitis B [51], 
the quantity of HBV-specific T cells does not cor-
relate with ALT levels [52, 53]. Instead, robust 
inflammatory events in the liver causing fluctua-
tions in ALT levels, demonstrated both in adult 
mice and in patients, are associated with intrahe-
patic recruitment of granulocytes, monocytes, 
and non-antigen-specific T cells [52, 54, 55].

The concept of immune tolerance phase being 
a quiescent disease phase with an absence of 
virus-specific T cells and minimal changes in 
liver histology is now increasingly being chal-
lenged. Our recent study of chronic hepatitis 
B-infected children and young adults with a clin-
ical and virological profile labeled as “immuno-
tolerant” showed the existence of HBV-specific 
T cell responses that is less compromised than 
that observed in CHB-infected adult patients in 
the “immune clearance” phase [56]. A further 
demonstration that these patients do not display 
any generic state of immunotolerance was exem-
plified by the superior ability of circulating T 
cells from young IT patients with CHB to pro-
duce type 1 T-helper cytokines including TNF-α 
and IFN-ɣ, compared to age-matched healthy 
controls. Besides, the production of immunosup-
pressive cytokines including IL-10 and IL-4 was 
not increased in these patients. Detailed analysis 
of the phenotype of T cells in these patients 
showed that young IT patients with CHB have 
increased frequency of T cells with an exhausted/
inhibitory phenotype, characterized by the 
expression of the co-inhibitory receptor pro-
grammed death 1 (PD- 1). This expression of 
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PD-1 is interpreted as a marker of immune activ-
ity since T cell exhaustion is a consequence of 
repetitive activation of reactive T cells. The fre-
quency of exhausted T cells (CD8+ T cells that 
are PD-1+ and CD127lo) increases with age in 
CHB patients, reflecting a progressive state of T 
cell exhaustion over time during the course of 
CHB infection. In this context, children and 
young adults were found to exhibit a partially 
exhausted T cell profile, compared to adult 
patients with a more exhausted T cell profile. 
This could explain why older patients have a less 
favorable response to therapy and suggest that 
earlier therapeutic intervention may be more 
advantageous in young people who lack a fully 
exhausted T cell profile.

In addition, there is mounting evidence that 
surrogate markers such as ALT that suggest qui-
escent disease might not reflect the true disease 
status and what constitutes a normal or healthy 
ALT level has been the subject of much discus-
sion. The new cutoff value for adults recom-
mended as healthy by Prati et  al. [57], i.e., 
≤30  U/l for men and ≤  19  U/l for women, is 
lower than the traditional cutoff value of 40 U/l. 
For children, the cutoff values for ALT are 
<25  U/l for males and <  22  U/l for females 
according to the NHANES-derived normal val-
ues [16] or < 33 U/l for males and < 24 U/l for 
females according to the CALIPER study [17]. 
Indeed, a study by Seto et al. reported that sub-
stantial fibrosis and necroinflammatory activity 
already exist in the liver biopsy of some patients 
in the HRLI phase with the traditional normal 
ALT value of ~40  U/l [58]. Similarly, a recent 
study by Mason et al. further strengthens the con-
cept that ongoing disease activity exists in the 
liver of CHB patients during the HRLI phase 
[59]. In this study, the immunopathological pro-
files of patients with HRLI disease were com-
pared to patients with HBeAg+ disease or those in 
the immune clearance phase. The authors showed 
by inverse polymerase chain reaction (PCR) that 
an unexpectedly high number of HBV DNA inte-
gration sites were randomly distributed across 
the human chromosome in all three groups of 
patients. These results imply that HBV DNA 
integration occurs not only in the later active dis-

ease phase but also during the initial, presumably 
quiescent, disease phase. Viral DNA integration 
and the resulting genomic instability are associ-
ated with the risk of developing hepatocarcino-
genesis, with 80% of HBV-related HCC 
demonstrating clonal integrated HBV sequences 
[60]. Therefore, these results signify that genetic 
alterations promoting HCC development already 
exist in the initial HRLI phase, which is in agree-
ment with previous findings suggesting the pres-
ence of viral integration even earlier at an acute 
phase of infection [61] or in HBsAg+ children 
with hepatocellular carcinoma [62].

In addition to HBV DNA integration, clonal 
hepatocyte expansion was also detected in patients 
with HRLI disease at an unexpectedly high rate 
[59]. Clonal expansion of hepatocytes, a risk fac-
tor for the development of HCC, probably occurs 
in response to hepatocyte turnover mediated by 
HBV-specific T cell killing of infected hepato-
cytes, since HBV-specific T cells were detected in 
the peripheral blood of these patients. Furthermore, 
the maximum hepatocyte clone size did not differ 
between patients with HRLI disease and those 
with HBeAg+ disease or in the immune clearance 
phase. All these findings demonstrate that pro-
moters of oncogenesis exist in all phases of CHB 
infection, even in patients at the early stage of 
CHB infection traditionally considered “immuno-
tolerant.” Collectively, these recent findings do 
not support the notion that the initial HRLI phase 
is completely devoid of markers of disease pro-
gression or that there is a lack of immune response 
during this initial disease phase.

8.5  Current Treatment 
Recommendations 
for Chronic HBV Patients 
(Please also Read Chap. 10)

Treatment objectives in CHB are constantly 
evolving. Historically, the goals of therapy for 
CHB patients are the reduction of viremia and 
amelioration of hepatic dysfunction, with the 
hope that this would delay progression to cirrho-
sis and the subsequent development of HCC [12]. 
While a “sterilizing cure” of HBV with the 
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removal of cccDNA and integrated virus is diffi-
cult or impossible to achieve, most experts now 
agree that a “functional cure,” whereby patients 
achieve sustained suppression of HBV viremia 
and loss of HBsAg after a defined course of ther-
apy and returned to a state of health equivalent to 
a person who has recovered spontaneously from 
HBV infection, should at least be the goal of next 
wave of therapies [12].

Current first-line therapies for CHB remain 
limited to nucleos(t)ide analogues (NUCs) and 
pegylated IFN-α (pegIFN-α). NUCs target the 
reverse transcriptase function of the HBV poly-
merase and prevent the synthesis of viral DNA 
from pregenomic RNA.  These antiviral agents 
are highly effective in suppressing viral replica-
tion, leading to ALT normalization, and more 
recently shown to reverse fibrosis [63]. However, 
they have limited effect on HBeAg seroconver-
sion and rarely lead to HBsAg loss in the major-
ity of patients. Furthermore, since NUCs do not 
directly target cccDNA, the chance of relapse 
after drug withdrawal is high. Consequently, life-
long therapy is usually required [64]. Another 
concern with long-term NUC therapy is the 
development of drug resistance mutations, which 
could lead to exacerbation of liver disease.

Conversely, pegIFN-α exhibits pleiotropic 
effects with antiviral, antiproliferative, and 
immunomodulatory properties, with the ability 
to halt the progression of fibrosis [65, 66]. 
Moreover, pegIFN-α offers the advantage of 
finite treatment duration (48  weeks) with the 
absence of antiviral resistance. Although 
pegIFN-α leads to slower clearance of HBV 
viremia, higher rates of HBeAg and HBsAg loss 
with anti-HBe and anti- HBs seroconversion, 
even though at modest levels, could be achieved 
[67]. However, the main disadvantages of 
pegIFN-α are the need for parenteral administra-
tion and the frequent side effects. Besides, 
pegIFN-α is contraindicated in patients with 
decompensated cirrhosis [68] or those undergo-
ing immunosuppressive or cancer chemotherapy. 
Combination or sequential therapies with NUCs 
and pegIFN-α are rapidly evolving and may 
offer the promise of achieving higher rates of 
HBeAg seroconversion and HBsAg decline.

8.6  Novel Treatment Strategies 
in Chronic HBV Patients 
(Please also Read Chap. 16)

The key challenges in achieving sustained viro-
logic control or functional cure of CHB are the 
persistence of nuclear HBV cccDNA and the 
ability of HBV to evade the host immune response 
recognition [69]. Exciting progress has been 
made in the preclinical development of new class 
of antivirals with novel mechanisms of action 
with the focus on strategies targeting cccDNA 
and the development of novel immune-based 
strategies to better harness the immune system 
for effective off-treatment responses.

8.6.1  Novel Antivirals 
Against Chronic Hepatitis B

Putative new antivirals targeting various steps of 
the HBV life cycle are under investigations, 
including viral entry inhibitors, core/capsid 
inhibitors, targets against cccDNA (including 
rcDNA-cccDNA conversion inhbitors, DNA 
cleavage enzymes, and small interfering RNA or 
siRNA-based strategies), apoptosis inducers, and 
HBV secretion inhibitors (Table 8.1). Viral entry 
inhibitor such as the well-known pre-S1-derived 
lipopeptide Myrcludex B targets the HBV entry 
receptor NTCP, thus preventing viral entry and 
viral replication [70–72]. Furthermore, 
Myrcludex B was shown, in a humanized mouse 
model, to reduce cccDNA formation in hepato-
cytes without overt cytotoxicity and pathology 
[73]. This makes Myrcludex B a promising can-
didate in targeting both active viral replication 
and persistence. Myrcludex B is currently being 
evaluated in a phase II clinical trial in Russia.

Multiple capsid inhibitors are in the pipeline, 
and they work by interfering with HBV RNA 
packaging and capsid assembly, resulting in lower 
intracellular capsids and ultimately undetectable 
HBV DNA [74, 75]. Some capsid inhibitors have 
been shown to interfere directly with cccDNA 
transcription and stability or indirectly with 
cccDNA formation by preventing the  recycling of 
capsids into the nucleus to replenish cccDNA [12].
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Novel therapies directly targeting cccDNA are 
the focus of current therapeutics, which may 
show promise in the treatment of CHB.  Some 
examples include disubstituted sulfonamide 
(DSS) compounds that inhibit the conversion of 
rcDNA to cccDNA [76] and DNA cleavage 
enzymes such as zinc finger nucleases, homing 
endonucleases, and transcription activator-like 
effector nucleases that directly degrades cccDNA 
[77–80]. A therapeutic strategy that has gener-
ated great interest is the development of the 
CRISPR-Cas9 genome editing tool, which has 
shown promise in removing cccDNA in vitro [81, 
82] and recently in HBV-infected mice [83–85]. 
However, both theoretical and practical consider-
ations have to be taken into consideration for 
future therapeutic application in CHB patients. 
Another direct antiviral strategy against cccDNA 
is based on RNA interference (RNAi). A phase II 
study performed in HBeAg- CHB patients 
showed that the combination of entecavir and the 
HBV siRNA ARC-520 resulted in 50% reduction 
in HBsAg levels in treated patients compared to 
placebo [86] and similar success has been dem-
onstrated with other siRNA platforms in preclini-
cal models.

In addition to interfering with cccDNA forma-
tion and stability, novel drugs targeting other host 
cell pathways are being developed. This includes 

a new class of antivirals that target the apoptotic 
mechanism of infected hepatocytes, leading to 
cytolysis and clearance of HBV. An example is 
birinapant (TL32711), a second mitochondrial- 
derived activator of caspases (SMAC) mimetic 
that antagonizes the cellular inhibitor of apopto-
sis proteins. Birinapant has been shown to 
improve TNF-mediated killing of HBV-infected 
hepatocytes and reduce HBV DNA load and 
HBsAg production in a mouse model [87], sug-
gesting the potential to translate this drug from 
treating cancers to CHB.  Lastly, several inhibi-
tors of HBV secretion have been described that 
could decrease HBV DNA levels and interfere 
with HBsAg release, thereby restoring antiviral 
immunity. The benzimidazole BM601 has been 
reported to selectively inhibit HBsAg relocaliza-
tion to the Golgi, thus decreasing HBsAg release, 
HBV maturation, and secretion [88]. However, 
the drawback of such inhibitors is the accumula-
tion of HBsAg leading to storage diseases, and 
the blockage of mature virion release could 
increase intracellular cccDNA pools.

8.6.2  Immunomodulators

A different therapeutic area for CHB is the devel-
opment of immunotherapies that (1) activate 

Table 8.1 Novel antivirals against chronic HBV

Type Target Compounds Stage of development References
Entry inhibitor NTCP HBV preS1-derived 

lipopeptide
Myrcludex B in phase II [70–73]

Cyclosporine A, 
ezetimibe

FDA approved but not tested 
for HBV

Capsid inhibitor HBV capsid Phenylpropenamide 
derivatives

Preclinical and early clinical 
phase

[74, 75]

Heteroaryl- 
dihydropyrimidines

Morphothiadine mesilate 
(GLS4) in phase II

rcDNA-cccDNA 
conversion

Disubstituted 
sulfonamide

Preclinical [76]

cccDNA DNA cleavage enzymes Preclinical [77–85]
HBV RNA siRNA ARC-520 in phase II [86]

Antisense ISIS-HBVRx in phase I
Apoptotic inducer Cellular inhibitor of 

apoptosis proteins
Birinapant Preclinical [87]

Secretion inhibitor HBV secretion and 
budding

Benzimidazole BM601 Preclinical [88]

M. Hong and A. Bertoletti



125

intrahepatic antiviral immunity and (2) restore 
HBV-specific T- and B cell immunity. 
Immunomodulatory compounds exhibiting activ-
ity against HBV in preclinical or clinical devel-
opment include TLR agonists, therapeutic 
vaccines, immune checkpoint inhibitors, and 
engineered T cells (Table 8.2).

Agonists of TLRs 3, 8, 7, and 9 have been 
shown to have anti-HBV effects in animal mod-
els [89]. Of these, GS-9620, an oral TLR7 ago-
nist, has been shown to reduce HBV DNA levels 
in serum and livers of chronic HBV-infected 
woodchucks and chimpanzees [90, 91]. Upon 
stimulation of TLR7, plasmacytoid dendritic 
cells produce high levels of IFN-α and other 
cytokines, resulting in activation of natural killer 
cells and cytotoxic T lymphocytes. Despite its 
success in preclinical setting, a recent clinical 
trial testing the efficacy of low-dose TLR7 ago-
nist in CHB patients showed lack of clinical 

 efficacy, even though treatment was safe and well 
tolerated [92]. The use of another TLR agonist, 
such as TLR8, may be a potential new therapeu-
tic target since it has been reported that activation 
of TLR8 efficiently triggered IFN-ɣ production 
in human intrahepatic environment [93]. In addi-
tion to TLR agonists, other small molecule mod-
ulators of innate immunity are being tested for 
their anti-HBV effects: SB-9200, which activates 
the RIG-I/NOD2 pathway [94, 95], and thymosin 
α1 [96, 97] and nitazoxanide [98], which induce 
the production of IFN and/or activation of T- and 
B cells.

Numerous therapeutic vaccine approaches for 
CHB have been explored, including antigen- 
based vaccines [99], CTL epitope vaccine [100], 
and DNA-based vaccines [101–103]. Although 
these strategies demonstrated good safety and 
tolerability profiles with robust immunogenicity, 
they do not show significant clinical benefit in 

Table 8.2 Immunomodulators against chronic HBV

Type Target Compounds Stage of development References
Innate immune 
system modulator

TLR7 activation GS-9620 Phase II [90–92]

RIG-I and NOD2 
activation

SB-9200 Phase II [94, 95]

T cell, NK activator, 
cytokine production

Thymosin-α1 Phase IV [96, 97]

Protein kinase 
activation

Nitazoxanide Phase I [98]

Therapeutic 
vaccine

T cell Recombinant HBsAg/HBcAg ABX 203 in phase II/III [99]

Recombinant HBsAg Engerix-B in phase I/IV

Fusion X-S-Core proteins GS-4774 in phase II [104]
HBV CTL epitope CY-1899 in pilot study [100]
HBV DNA DV-601 in phase I [101–103]

DNA vaccine pCMVS2.S 
in phase I/II

Autologous monocytes In vitro [105]
Adaptive immune 
system modulator

PD-1 blockade Nivolumab Phase II [107]

Genetically 
modified T cells

Engineered HBV-specific T 
cells using CAR or HLA- 
restricted TCR

CAR T cells in preclinical [109–111]

HLA-restricted TCR-
redirected T cells in  
phase I

Inflammation 
modulator

Antiplatelet Aspirin/clopidogrel Preclinical [113]
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chronic hepatitis B patients [104]. One likely 
explanation is the exhaustion of HBV-specific T 
cells caused by prolonged exposure to high levels 
of soluble HBV antigens. Therefore, factors that 
are known to impair the effectiveness of thera-
peutic vaccines need to be reversed, at least par-
tially, to increase the efficacy of therapeutic 
vaccines. As an alternative to vaccine therapy, an 
interesting approach to consider is the use of 
autologous monocytes to present personalized 
HBV antigens in CHB patients [105].

T cell exhaustion is a hallmark of human 
chronic viral infections and is characterized by 
the increased expression of various inhibitory 
receptors such as programmed death-1 (PD-1) 
and cytotoxic T-lymphocyte antigen-4 (CTLA- 4), 
among others [106]. PD-1 is strongly upregulated 
in circulating HBV-specific T cells in CHB 
patients, and blockade of this inhibitory signal 
restores HBV-specific T cell functionality. A 
recent phase I/II trial of nivolumab, an anti-PD-1 
monoclonal antibody, in HCC patients infected 
with HBV showed some clinical benefit, suggest-
ing the potential to use such therapy in patients 
with HBV-related HCC [107]. Another underly-
ing molecular defect of exhausted HBV-specific 
T cells was recently reported in the mitochondria, 
which showed defects in depolarization [108]. 
The cytokine IL-12 was shown to recover mito-
chondrial potential and oxidative phosphoryla-
tion of HBV-specific T cells in vitro, highlighting 
the prospect of targeting mitochondrial or other 
metabolic defects as novel therapeutic approaches 
to restore antiviral T cell responses.

Another exciting approach to immunotherapy 
is to engineer patients’ immune cells, such as  
T cells to eliminate HBV-infected hepatocytes. 
This could be achieved via the expression of chi-
meric antigen receptors (CARs) or HLA- 
restricted T cell receptors (TCRs) on T cells that 
enable HLA-independent or HLA-dependent 
recognition and killing of HBV-infected hepato-
cytes. CAR-engineered T cells were recently 
shown to have potential promise in mouse mod-
els of HBV [109], but no human data are avail-
able, whereas T cells engineered to overexpress 
HBV-specific TCR have been shown to recognize 
HBV-infected hepatoma cells in vitro and in vivo 

[110] and can significantly reduce HBsAg levels 
in a patient with HBV-associated hepatocellular 
carcinoma [111]. Newer approaches utilizing 
mRNA electroporation, instead of retroviral vec-
tors, to overexpress HBV-specific TCRs are 
underway. These electroporated T cells have 
been successful in reducing tumor growth in 
HCC mouse models [112] and have unique anti-
viral effects in vitro without overt cytotoxicity. 
Thus, this highly individualized therapy could 
become a feasible option in advancing therapies 
for CHB patients.

Finally, CHB can be viewed not only as a viral 
disease but also a necroinflammatory disease. To 
this end, anti-inflammatory agents designed to 
inhibit liver inflammatory events such as anti-
platelet therapy to inhibit the development of 
hepatocellular carcinoma in transgenic mice 
[113] may prove to be important in controlling 
CHB infection. Thus, the goals of immunother-
apy are to increase antiviral immunity and to 
reduce the chronic inflammatory process with the 
ultimate aim of achieving a reliable cure for 
HBV.

8.7  Future Treatment Strategies 
for Chronic Hepatitis B: Can 
We Treat Earlier or at a 
Younger Age?

With major advances in HBV therapeutics in 
recent years, together with our increased scien-
tific insights into the pathogenesis of CHB, it is 
now an exciting moment for the treatment of 
CHB patients. However, it remains debated 
whether young CHB patients in the initial HRLI 
disease phase are indicated for treatment. Current 
guidelines from the international liver associa-
tions recommend treatment for CHB patients 
only when they show signs of clinically active 
disease or development of fibrosis, typically after 
the age of 30  years old. Yet, symptoms of 
advanced disease often appear later in life, at a 
stage when little can be done to alter the disease 
course. This could explain the poor response rate 
to therapies observed in adult patients, thus high-
lighting the limitations of current practice and the 
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need to better define the optimal timing for treat-
ment. The recent new findings discussed above 
challenge the concept of immunotolerance from 
HBV-exposed newborn infants to children and 
young adults and provide further support for con-
sidering earlier therapeutic treatment in young 
patients with CHB, a patient cohort currently 
excluded from treatment consideration.

A point to note is that there is a paucity of 
data on the treatment of children and young 
adults, the patient population which is highly 
viremic and infectious with the highest risk of 
disease progression and HCC development 
[114]. A small pilot study by D'Antiga et  al. 
[115] investigated the effect of combination 
therapy with lamivudine and pegIFN-α in chil-
dren with HRLI disease. The results were 
encouraging, evidenced by a beneficial response 
to early treatment in a proportion of young 
patients. These beneficial responses were asso-
ciated with an increase in HBV-specific T cell 
proliferation, reduction in HBV DNA levels, 
and notable increase in HBsAg seroconversion, 
thus providing further support for the potential 
benefit of early treatment in CHB patients [115, 
116]. Similar studies performed in CHB-
infected children have demonstrated that IFN-α 
was well tolerated and children less than 5 years 
of age may have an enhanced response to IFN-α 
[117]. Likewise, the efficacy of tenofovir diso-
proxil fumarate was comparable between CHB-
infected adolescents (<18  years old) with that 
observed in adult subjects [118]. Nonetheless, 
extended longitudinal follow-up observations of 
these young patients will undoubtedly provide 
more insights on the rates of HBeAg and HBsAg 
loss as well as the rates of seroconversion, in 
order to determine whether earlier treatment is 
genuinely associated with better treatment 
outcomes.

The emerging concept of “trained immunity” 
discussed above [46] also has significant thera-
peutic implications. Rather than being immature 
or tolerized, we should keep in mind that the 
immune system of neonates or even young chil-
dren is already “trained” or “matured” following 
birth and is actually capable of responding immu-
nologically with broad cross-protective responses 

toward viral antigens. In this context, therapies 
that reduce viral protein expression may “release 
the brakes” on the immune system of these young 
patients, allowing it to be fully competent to 
achieve long-term suppression of HBV.  On the 
other hand, our findings that young CHB patients 
in the initial HRLI phase have a less compro-
mised HBV-specific T cell response compared to 
adult patients in the LRHI phase [56] suggest that 
therapeutic interventions aimed at enhancing 
HBV-specific immunity are likely to be more 
effective in young CHB patients compared to 
adult patients.

8.8  Summary

CHB infection is a complex dynamic disease 
where the timing and most appropriate treat-
ments continue to be debated. We have shown 
that CHB-infected children and young adults, a 
patient population historically considered to be 
“immunotolerant,” are less likely to run a benign 
course of disease since liver histology, T cell 
responses, DNA integration, and hepatocyte 
clonal expansion all point toward underlying dis-
ease and immune activity. A better understanding 
of trained immunity and how HBV establishes a 
permissive state in the host may pave the way for 
better development of therapies that is targeted 
toward these group of patients currently not indi-
cated for treatment. This could potentially result 
in expanding therapeutic options to more patients, 
including treating at a younger age and at a much 
earlier stage of disease. If earlier treatment is 
advocated, careful consideration should be taken 
into account for pediatric patients, in whom the 
safety, efficacy, and adverse effect profiles of 
NUCs have not been well established compared 
to the adult population.
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Abstract
Hepatitis B virus (HBV) infection is a major 
global health problem, which may cause acute 
or fulminant hepatitis, chronic hepatitis, liver 
cirrhosis, and/or hepatocellular carcinoma 
(HCC). Transmission of HBV is through 
either horizontal or mother-to-infant route. In 
endemic areas maternal transmission is the 
major route of transmission.

Early diagnosis and management of HBV, 
particularly in children, are not easily achieved 
worldwide. The rate of HBV elimination by 
currently available antiviral agents is very low. 
Prevention by HBV immunization, either with 
vaccination alone or in combination with 
HBIG, is the best way to eliminate HBV infec-
tion and its related diseases. The impact of 
universal HBV immunization is remarkable. It 
has effectively reduced the rate of acute and 
fulminant hepatitis B, chronic hepatitis B, and 
HCC.  The long-term data revealed that 
approximately 90% of chronic hepatitis B and 
70% of HCC are reduced in the vaccinated 
birth cohorts, in comparison with the unvac-
cinated birth cohorts.

In spite of the great success, around 10% of 
chronic HBV infections could not be pre-
vented by current HBV immunization. This 

vaccine failure occurred mainly (~90%) in 
infants of highly infectious mothers with posi-
tive serum hepatitis B e antigen (HBeAg) and 
hepatitis B surface antigen (HBsAg) and high- 
serum HBV-DNA levels >106  IU/
mL.  Furthermore, the vaccination coverage 
rate is not high enough in areas with limited 
resources. To achieve elimination of hepatitis 
B and related complications, further efforts 
are needed to prevent vaccine failure and to 
increase global vaccine coverage.

Keywords
Hepatitis B virus · Hepatitis B immunization · 
Vaccine failure · Hepatocellular carcinoma · 
Cancer prevention

9.1  Hepatitis B Virus Infection Is 
a Global Health Problem

Hepatitis B virus (HBV) infection can cause 
acute, fulminant, or chronic hepatitis, liver cir-
rhosis, and hepatocellular carcinoma (HCC). It is 
a potentially life-threatening infection and is a 
major global health problem. Liver cirrhosis is a 
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common precancerous lesion, accounting for 
approximately 80% of patients with HCC, includ-
ing children [29]. This sequel usually results 
from severe liver injury caused by chronic HBV 
infection. HCC is one of the most common causes 
of cancer death worldwide because of a poor 
prognosis and a high recurrence rate after cura-
tive therapy. Around one third of chronically 
infected patients will eventually develop cirrho-
sis and HCC.  Liver injury caused by chronic 
HBV infection is the most important initiation 
event of hepatocarcinogenesis. The role of HBV 
in tumor formation appears to be complex and 
may involve both direct and indirect mechanisms 
of carcinogenesis. The outcome of persistent 
HBV infection is affected by the interaction of 
host, virus, and environmental factors. As evi-
denced by the large population infected with 
HBV in the developing world, HBV remains the 
most prevalent oncogenic virus for HCC in 
humans. HBV is estimated to cause around 
55–70% of HCC worldwide [8].

In spite of the progress of antiviral therapy to 
suppress HBV replication and reduce liver injury 
in people with chronic hepatitis B, a cure for 
HBV infection is still almost impossible. To 
eliminate hepatitis B, prevention is more effec-
tive than therapy. The HBV vaccine was devel-
oped using hepatitis B surface antigen (HBsAg) 
as the immunogen to induce protective antibody 
(hepatitis B surface antibody, anti-HBs) against 
HBV infection. During the past three decades, 
HBV has proved to be safe and successful in pre-
venting HBV infection and the related diseases 
worldwide.

9.2  Transmission Routes of HBV 
Infection

HBV infection is most prevalent in Asia-Pacific 
and sub-Saharan African regions, where the 
HBsAg-positive rate in the general population is 
more than 8% [43]. The age and source of pri-
mary HBV infection are important factors affect-
ing the outcome of infection. HBV infection is 

transmitted through either the horizontal or 
mother-to-infant route. To prevent HBV infection 
effectively, it is crucial to understand its route of 
transmission.

9.2.1  Mother-to-Infant 
Transmission

In endemic areas of HBV infection, HBV infec-
tion occurs mainly during infancy and early 
childhood. Perinatal mother-to-infant transmis-
sion is the main route of transmission. Maternal 
serum HBsAg and hepatitis B e antigen (HBeAg) 
status affect the outcome of HBV infection in 
their offspring. In Asia and many other endemic 
areas in the world, perinatal transmission through 
HBsAg carrier mothers accounts for 40–50% of 
HBsAg carriers in the era before universal HBV 
immunization. Irrespective of the extent of 
HBsAg carrier rate in the population, around 
85–90% of the infants of HBeAg-seropositive 
carrier mothers became HBsAg carriers [57]. A 
study in Taiwan revealed that most chronic HBV 
infection resulted from infections before 2 years 
of age [28].

HBV infection during infancy and early child-
hood as compared to infection in adults results in 
a much higher rate of persistent infection and 
long-term serious complications, such as liver 
cirrhosis and HCC [12]. Those with positive 
maternal serum HBsAg have a 30 times higher 
risk of developing HCC than those with negative 
maternal HBsAg [14]. HBeAg is a soluble anti-
gen produced by HBV. It can cross the placenta 
from the mother to the infant and induce a spe-
cific unresponsiveness of helper T cells to HBeAg 
and HBcAg in neonates born to HBeAg-positive 
HBsAg carrier mothers [30]. This may help to 
explain why most infants of HBeAg-positive car-
rier mothers became persistently infected [3] 
while only approximately <=5% of the infants of 
HBeAg-negative HBsAg carrier mothers became 
persistently infected. Such immune tolerance 
state persists for years to decades after neonatal 
HBV infection.
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9.2.2  Horizontal Transmission 
of HBV

Horizontal transmission, which accounts for 
another half of the transmission route in the era 
before the universal HBV vaccination program, 
was mainly through the use of unsterile needles 
or medical equipment, unsafe blood product or 
transfusions, unprotected sex, unsterile skin 
piercing, or other intrafamilial close contact. In 
Africa, where HBV infection is also endemic, 
horizontal infection during early childhood is the 
main route of transmission. In rural Senegal, by 
the age of 2 years, 25% of children are infected, 
while at age 15, the HBV infection rate rises to 
80% [23].

9.2.3  Transmission Route and Age 
at Infection Affect 
the Outcome of Infection

Age at infection and source of infection affect 
the outcome of HBV infection [2]. The younger 
the age at infection, the higher the chronicity 
rate. In the era with no immune prophylaxis, 
perinatal transmission from highly infectious 
(HBeAg-positive) hepatitis B carrier mothers 
resulted in chronic infection in 85–90% of their 
infants [57]. In contrast, only <=5% of infants of 
HBeAg-negative HBsAg carrier mothers become 
chronic carriers, and a small number may 
develop acute or fulminant hepatitis B [11, 56]. 
Approximately 25% of HBV-infected 2–4-year- 
old toddlers will become chronic carriers [4]. In 
contrast, only 2.7% of the newly HBV-infected 
18–19-year-old university students became 
chronic carriers [5].

9.3  Prevention Is the Best Way 
to Control Hepatitis B Virus 
Infection and Its 
Complication

Prevention, screening/early diagnosis, and treat-
ment are the main strategies to control HBV 
infection and its related diseases and complica-

tion. In spite of the development of new antiviral 
therapies for hepatitis B patients, elimination of 
HBV by antiviral agent(s) is still not possible in 
most cases. In addition, HBV cannot be eradi-
cated by a passive immune response [52]. 
Therefore, prevention is the best way to control 
HBV infection and complications. In order to 
successfully prevent HBV infection, blocking the 
transmission routes of HBV is mandatory. 
Strategies for preventing HBV infection include 
immunization and other methods. Universal 
HBV vaccination is the most effective way for 
long-term prevention against HBV infection. 
Other methods such as safe blood products, safe 
injections, and avoidance of risky behaviors to 
prevent horizontal transmission are also very 
helpful and complementary to immunization to 
prevent HBV infection (Table 9.1).

9.3.1  HBV Immunization in Infancy

HBV immunization can be classified into passive 
immunization and active immunization. Passive 
immunization using hepatitis B immunoglobulin 
(HBIG) provides temporary immunity, whereas 
active immunization by the vaccine yields long- 
term immunity. In endemic areas, the main infec-
tion route is mother-to-infant transmission from 
highly infectious mothers. So the best timing of 
initiating HBV vaccination should be within 24 h 
after birth (the birth dose), followed by subse-
quent doses of HBV vaccine during infancy. 
Universal HBV vaccination in infancy is more 
effective than selective immunization for high- 
risk groups. Previous HBV immunization pro-
grams for adolescents were not as successful as 
the program in infancy.

9.3.1.1  Hepatitis B Vaccine
Two kinds of HBV vaccine, the plasma-derived 
vaccine (the first generation vaccine) and the 
recombinant vaccine (the second generation vac-
cine), have been used widely for infant vaccina-
tion. Plasma-derived HBV vaccine is an 
HBsAg-based highly purified and inactivated 
vaccine made from serum of chronic HBV- 
infected subjects [27]. In order to produce a safe 
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vaccine, stringent treatments with pepsin, urea, 
and formaldehyde and rigorous filtration destroy 
all viruses, and chimpanzee tests were conducted 
during the production process of plasma vaccine 
[9]. With good protective efficacy, the plasma 
vaccine was approved by FDA of the USA in 
1981 [45].

In order to avoid using serum from chronic 
HBV-infected subjects as the material to produce 
HBV vaccine, the recombinant HBV vaccine was 
developed and was licensed in 1986 [26]. The 
recombinant vaccine was produced by inserting 
and expressing the gene encoding HBsAg in 
yeast [63]. Gradually, recombinant vaccine 
replaced plasma vaccine, and became the main 
vaccine used worldwide.

Active immunization with three or four doses 
of HBV vaccine without HBIG was proved to be 
immunogenic in more than 90% of infants of 
non-carrier mothers or HBeAg-negative HBsAg 
carrier mothers. A pilot clinical trial revealed that 
for infants of HBsAg-negative mothers, the first 
dose of vaccine at 1  week stimulated anti-HBs 
within 1 month in 48% of the neonates. By the 
age of 6 months and 7 months, 96% and 100% of 
vaccines developed anti-HBs after a third dose, 
respectively [38].

For infants of highly infectious mothers sero-
positive for both HBeAg and HBsAg, the 
HBsAg-positive rate was very high (88%) in their 
unvaccinated infants. After three doses of HBV 
plasma vaccine, HBsAg-positive rate reduced to 
23%, with a prevention rate of approximately 
75% (Beasley et  al. Unpublished data). The 
results implicated that, for infants of highly infec-
tious mothers, a better strategy is needed to fur-
ther improve the prevention efficacy of using 
vaccine only.

9.3.1.2  Hepatitis B Immunoglobulin 
(HBIG)

HBIG is used for postexposure prophylaxis (pas-
sive immunoprophylaxis) of HBV infection. It is 
prepared from the pooled plasma of donors who 
have high levels of anti-HBs. Viruses are inacti-
vated during the process of extraction for anti- 
HBs. HBIG was given immediately after birth to 
infants of HBeAg-positive HBsAg carrier moth-
ers to prevent transmission of HBV to infants 
from highly infectious mothers. Comparing to 
the 91% of HBsAg carrier rate among infants 
without immunoprophylaxis, the HBsAg carrier 
rate was 26% among infants who received three 
doses of HBIG at birth, 3 and 6 months old, and 
was 54% in those who received a single 1.0 ml 

Table 9.1 Prevention strategies against HBV infection 
include hepatitis B immunization by vaccine and/or 
HBIG, providing safe blood products, safe injection pro-
cedures, and avoidance of risky behaviors

Prevention strategies
Main targeting 
subjects

Effect and main 
transmission 
route to be 
prevented

Immunization
1. HBV vaccine 
> = three doses 
(active)

1. For all 
infants 
starting from 
birth dose

The most 
effective 
strategy which 
provides 
long-term 
protection

2. HBIGa (passive) 2. To 
neutralize 
HBV in 
exposed 
subjects

Can prevent 
both mother-to- 
infant 
transmission 
and horizontal 
transmission3. Combining HBV 

vaccine + HBIG
3. For infants 
of highly 
infectious 
mothers

Blood safety, injection safety, and avoidance of risky 
behaviors
1. Screening blood 
product

1. For people 
who require 
blood product

Prevent 
horizontal 
transmission in 
the risky 
condition of 
infection

2. Implementation 
of injection safety 
by proper 
sterilization of 
injection needles 
and syringes

2. For people 
who receive 
injection 
therapy, 
health-care 
worker, or 
parenteral 
drug abuser

3. Avoidance of 
risky behaviors

3. Parenteral 
drug abuser, 
people who 
intend to have 
tattoo, skin 
piercing, etc.

a HBIG hepatitis B immunoglobulin

M.-H. Chang



137

dose of HBIG at birth. Without HBV vaccine, the 
prevention efficacy was 45% by one dose of 
1.0 ml HBIG at birth and 75% by three doses of 
HBIG starting from birth, respectively [6].

9.3.1.3  Combining Active and Passive 
Immunization to Prevent HBV 
Transmission from Highly 
Infectious Mothers 
with Positive Serum HBeAg 
and HBsAg

Pilot studies combined HBIG immediately after 
birth followed by HBV vaccination using plasma- 
derived vaccine for infants of HBeAg-positive 
HBsAg carrier mothers. The prevention efficacy 
was 94%, which is superior than HBIG alone 
(71%) or vaccination alone (74%) [7]. This excel-
lent prevention result established the basis of the 

current universal HBV immunization strategies 
to prevent perinatal transmission of HBV infec-
tion by highly infectious mothers. A similar effi-
cacy was obtained in a subsequent study using 
HBIG at birth and three doses of recombinant 
HBV vaccine [58].

9.3.2  Universal Hepatitis B 
Immunization Program 
in Infancy

The world’s first universal hepatitis B vaccina-
tion program was launched in Taiwan [16]. 
Pregnant women were screened for both serum 
HBsAg and HBeAg. All infants were covered by 
the HBV vaccination. Infants of mothers negative 
for HBeAg or HBsAg received three or four 

Fig. 9.1 Comparing with the cohorts born before the 
hepatitis B immunization program (rate ratio as 1.00), the 
rate ratios of the incidence rate of acute hepatitis B, the 
prevalence rate of chronic hepatitis B virus (HBV) infec-

tion, and the incidence rate of hepatocellular carcinoma 
(HCC) were reduced to 0.34, 0.09, and 0.30  in children 
and adolescents born after the vaccination program in 
Taiwan
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doses of hepatitis B vaccine (Fig. 9.1). Infants of 
highly infectious mothers with positive HBeAg 
and HBsAg received HBIG within 24  h after 
birth, in addition to the hepatitis B vaccine. The 
coverage rate of hepatitis B vaccine for neonates 
was around 94% in the initial years and increased 
to 99% recently.

9.3.2.1  Different Strategies 
of Universal HBV Immunization 
in the World: Maternal 
Screening and Infant 
Immunization Programs

There are several strategies of universal infant 
immunization programs in the world depend-
ing largely on resources and prevalence of 
HBV infection. In countries with better 
resources, screening of maternal HBsAg is 
conducted during pregnancy. In some of those 
countries with a high prevalence of HBV infec-
tion like Taiwan, both HBsAg and HBeAg 
were screened, and HBIG was given only to 
newborns of HBeAg- positive HBsAg carrier 
mothers immediately after birth, and all infants 
received three doses of the HBV vaccine [19]. 
In some other countries of low HBV infection 
prevalence and good resources, pregnant 
women are screened for HBsAg only but not 
HBeAg. HBIG is given to newborns of HBsAg-
positive mothers, and all infants receive three 
doses of the HBV vaccine [55]. This strategy 
saves the cost and labor of maternal HBeAg 
screening but increases the cost of HBIG, 
which is very expensive.

To save the costs of maternal screening and 
HBIG, most countries with intermediate/low 
prevalence of chronic HBV infection or limited 
resources do not screen HBV markers in 
pregnant women, and all infants receive three 
doses of HBV vaccine without HBIG.  The 
efficacy of protecting the infants from chronic 
infection seems satisfactory. For infants of highly 
infectious mothers with seropositive HBeAg, 
this latter strategy offers a prevention efficacy 
of around 75% to 80%. Using this strategy, the 
cost of maternal screening and HBIG can be 
saved [54].

9.3.2.2  WHO’s Recommendation 
and Global Infant HBV 
Immunization Status

In 2009, the World Health Organization (WHO) 
recommended that all infants receive hepatitis B 
vaccine as early as possible after birth, preferably 
within 24 hours. The birth dose should be followed 
by two or three doses of HBV vaccine in infancy. 
In 1992, the World Health Assembly passed a res-
olution to recommend global vaccination against 
hepatitis B.  Hepatitis B vaccine for infants had 
been introduced nationwide in 185 countries by 
the end of 2015. Global coverage with three doses 
of hepatitis B vaccine is estimated at 83%. In addi-
tion, 96 countries introduced one dose of hepatitis 
B vaccine to newborns within the first 24 hours of 
life, and the global coverage is 39%. (http://www.
who.int/mediacentre/factsheets/fs378/en/) 
(accessed January 31, 2017).

9.3.3  HBV Prevention Strategies 
Other Than Immunization

Other prevention strategies, such as screening of 
blood products, implementation of injection 
safety by proper sterilization of injection needles 
and syringes, and avoidance of risky behaviors, 
such as parenteral drug abuse, tattoo, or skin 
piercing, may prevent HBV horizontal transmis-
sion. Education to avoid high-risk behaviors 
should be advocated in addition to vaccination. In 
addition to the program for infants, many coun-
tries with low prevalence of HBV infection also 
have HBV vaccination programs for adolescents 
to prevent exposure to HBV by sexual contacts or 
other risk behaviors.

9.3.4  Prevention of De Novo HBV 
Infection in Organ Transplant 
Recipients

De novo HBV infection is defined as infection 
occurring in HBsAg-negative patients who 
become HBsAg positive after organ transplanta-
tion. With three or more doses of HBV vaccine 
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during infancy in most children recipients (81%), 
de novo HBV infection after orthotopic liver 
transplantation (OLT) occurred mostly (89%) in 
those who received allografts from HBsAg- 
negative and anti-HBc-positive donors. Pre-OLT 
anti-HBs titers were  <  200 mIU/mL in most 
patients with de novo HBV infection [59]. 
Pretransplantation HBV vaccination was helpful 
for achieving a posttransplantation vaccine 
response. Giving pretransplantation booster 
doses of HBV vaccine to increase the titer of anti- 
HBs to >200 mIU/mL is helpful to prevent de 
novo HBV infection in HBsAg-negative recipi-
ents. In addition, giving HBIG routinely in the 
pretransplantation and posttransplantation peri-
ods and subcutaneous vaccination with recombi-
nant HBV vaccine concomitant with HBIG until 
acquisition of active immunization was reported 
to provide an effective strategy for preventing de 
novo hepatitis B infection after liver transplanta-
tion in recipients with anti-HBc-positive liver 
grafts [51].

9.4  The Effect of HBV 
Immunization on Reduction 
of HBV Infection and Related 
Complications

Universal hepatitis B immunization has success-
fully reduced acute, fulminant, and chronic hepa-
titis B and hepatocellular carcinoma [21]. 
HBV-associated membranous nephropathy in the 
vaccinated children also decreased remarkably, 
most likely due to the reduction in horizontal 
transmission of HBV infection after universal 
HBV vaccination [40].

9.4.1  Prevention of Acute HBV 
Infection

After universal HBV immunization, the inci-
dence of acute hepatitis B declined worldwide 
substantially [46, 67]. Routine infant vaccination 
for HBV has been recommended in the USA 

since 1991. A trend toward reduction in acute 
hepatitis B among children aged <15 years has 
been noted in the USA with a remarkable fall in 
the incidence of acute HBV by 80% over 10 years 
[67, 72].

Acute hepatitis B among vaccinated children, 
adolescents, and young adults was also markedly 
reduced after universal HBV immunization in 
Taiwan. However, owing to breakthrough HBV 
infection from mother-to-infant transmission, 
vaccinated infants had higher rates of acute HBV 
infection than those aged 1–14  years old [60] 
(Fig. 9.1).

9.4.2  Prevention of Fulminant 
Hepatitis B

After initiation of the HBV immunization pro-
gram. HBV rarely caused fulminant hepatitis in 
children older than 12 months old, but remained 
a significant cause of fulminant hepatitis in 
infants. HBV-positive fulminant hepatitis was 
prone to develop in infants born to HBeAg-

Table 9.2 Reduction of mortality rate associated with 
fulminant hepatitis (FH) in children after universal hepati-
tis B vaccination in Taiwan

Before vs. 
after the HBV 
vaccination 
program

Average 
annual 
mortality 
rate with FH 
per 100,000 
infants

Mortality rate 
ratio in birth 
cohort before vs. 
after the HBV 
vaccination 
program P value

<1 year olda

Before 
(1975 to 
1984)

5.36 1

After (1985 
to 1998)

1.71 0.32 <0.001

1–15 years oldb

Before 
(1980 to 
1984)

0.27 1 <0.01

After (1985 
to 1999)

0.10 0.37

aRef. [36]
bRef. [18]
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negative HBsAg carrier mothers. The annual 
mortality rate ratio associated with fulminant 
hepatitis in infants was reduced significantly 
after the universal hepatitis B immunization pro-
gram [36]. Approximately 68% of the mortality 
rate of fulminant hepatitis in infants was pre-
vented after universal hepatitis B immunization 
program. Similarly, 63% of the mortality rate of 
fulminant hepatitis in children ages 12 months to 
15 years old was prevented after the program [18] 
(Table 9.2).

9.4.3  Prevention of Chronic HBV 
Infection

The HBV vaccination program has reduced 
both the perinatal and horizontal transmission 
of HBV [22, 70]. Around 90% of chronic 
HBV infection has been prevented successfully 
by the HBV immunization program. Several 
seroepidemiologic surveys of HBV markers 
were conducted before and every 5 years up to 
30 years after the implementation of the HBV 
vaccination program in Taiwan [17, 28, 48–50, 
62], 2012. The HBsAg seroprevalence rate 
(which reflects the chronic infection rate) 
decreased steadily from 9.8% in children before 
the vaccination program to less than 1% (around 
0.5–0.7%) afterward in vaccinated children, 
adolescents, and adults younger than 30 years 
of age (Fig. 9.1).

Similar preventive effects have also been 
observed in many other countries, where univer-
sal HBV vaccination programs have been suc-
cessfully conducted [35, 69]. In 2007–2008, a 
seroepidemiologic study in Gambia showed the 
effectiveness of the hepatitis B vaccination that 
was implemented in 1986. Comparing fully vac-
cinated versus unvaccinated Gambians, HBV 
infection was 0.8% versus 12.4%, indicating an 
efficacy of 94%. Overall, vaccine efficacy in 
1993 against HBV infection was 94.7% and 
against chronic HBsAg carriage was 95.3%, 
respectively [69]. Furthermore, universal vacci-
nation in infancy was demonstrated to be more 
effective than selective immunization for high- 
risk groups [47].

The total HBV infection rate, reflected by 
anti-HBc seropositive rate, also declined from 
38% before the program to 4.5% in children and 
adolescents 30 years after the program in Taiwan 
[50]. The protection yielded by HBV vaccina-
tion persisted beyond the onset of sexual activi-
ties, suggesting that there was no need for a 
booster dose [53].

9.4.4  The Effect of HBV 
Immunization in Reducing 
Occult HBV Infection (OBI)

Reduction of OBI in immunized subjects com-
plements the well-documented universal infant 
immunization-related benefit of markedly 
reduced overt HBV infection. In HBsAg-negative 
subjects <18 years, OBI frequency was lower in 
the vaccinated than the unvaccinated anti-HBc- 
negative subjects (0% vs. 1.8%). The estimated 
OBI frequency per 104 HBsAg-negative subjects 
declined from 160.7  in unvaccinated cohorts to 
11.5 in vaccinated cohorts. In vaccinated cohorts, 
OBI frequency was significantly higher in anti- 
HBc- positive subjects than in anti-HBc-negative 
subjects (4.8% vs. 0%). Subjects with OBI had 
a much lower viral load and a trend of higher 
mutation rates in the a determinant of HBsAg 
than age comparable, HBsAg-positive subjects. 
So in the postvaccination era, anti-HBc seroposi-
tivity is a useful marker for OBI screening in 
HBsAg- negative subjects, and a very low-level 
viral replication and HBsAg expression are the 
major mechanisms underlying OBI [33].

9.5  The Impact of Liver Cancer 
Prevention by Universal HBV 
Immunization in Infancy

HCC in children is closely related to HBV infec-
tion, and the characteristics are similar to HCC in 
adults [12]. In comparison to most other parts of 
the world, Taiwan has a high prevalence of HBV 
infection and HCC in children. The histological 
features of HCC in children are very similar to 
that in adults. Children with HCC in Taiwan are 
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nearly 100% HBsAg seropositive, and 86% of 
them are HBeAg-negative. Most (94%) mothers 
of HCC children were HBsAg seropositive, sug-
gesting maternal transmission as the source of 
HBV infection in HCC children.

The prognosis of HCC is grave, unless it is 
detected early and complete resection or ablation 
of HCC is performed. Even in such cases, de 
novo recurrence of HCC is often a problem. To 
control HCC, prevention is better than therapy 
[10]. Universal vaccination starting from birth to 
interrupt maternal or horizontal transmission of 
HBV infection is the most cost-effective and safe 
way to prevent HCC.

HBV immunization provides the first evi-
dence to support the success of cancer prevention 
by vaccination against an oncogenic infectious 
agent in humans. HCC incidence was reduced 
remarkably in the vaccinated birth cohorts. The 
annual incidence of HCC among children and 
adolescents 6–19 years old born after the univer-
sal HBV vaccination program was reduced to 
30–32% of that of those born before the program 
in Taiwan [13, 14] (Fig. 9.1).

Although the incidence of HCC increases 
with age, and protective antibody responses wane 
with time after HBV immunization during 
infancy, the cancer prevention effect by the infant 
universal HBV vaccine program has been 
extended further into young adults of 20–26 years 
old. Compared to unvaccinated birth cohorts 
(with incidence rate ratio as 1), the rate ratios for 
HCC in vaccinated patients 6–9  years old, 
10–14 years old, 15–19 years old, and 20–26 years 
old were reduced to 0.26, 0.34, 0.37, and 0.42, 
respectively. Transmission of HBV from highly 
infectious mothers and incomplete immunization 
was associated with development of 
HCC. Improving HBV vaccination strategies and 
overcoming risk factors may reduce the inci-
dence of liver cancer [15].

Studies in Khon Kaen, Thailand, Alaska, and 
the USA also showed declines in the HCC inci-
dence in children as a result of infant HBV 
immunization. The incidence of HCC is signifi-
cantly lower in Thai children who received HBV 
vaccine at birth than those unvaccinated. The 
age-standardized incidence rates for liver cancer 

in Thai children over 10  years of age of non- 
vaccinated and vaccinated children were 0.88 
and 0.07 per million, respectively [71]. Alaska 
Native people experience the highest rates of 
acute and chronic HBV infection and HCC in the 
USA. After 25 years of universal newborn vac-
cination coupled with mass screening and immu-
nization of susceptible Alaska Natives, HCC was 
eliminated among Alaska Native children. The 
incidence of HCC in adolescence below the age 
of 20 decreased from three per 100,000 in 1984–
1988 to zero in 1995–1999, and no cases have 
occurred since 1999 [46].

9.6  Problems Which Still Need to 
Be Solved for the Success 
of HBV Immunization

9.6.1  Inadequate Resources

Universal HBV immunization programs still 
have not been established in part of the world 
countries mainly due to limited resources. In 
some areas, universal HBV vaccination programs 
have been implemented, yet the cost of vaccina-
tion is not covered by the government. Currently 
approximately 17% of the infants in the world are 
not covered by three doses of hepatitis B 
vaccine.

9.6.2  Poor Compliance or Lack 
of Support from Government

In areas with better resources and an established 
program of universal HBV vaccination, poor 
compliance may still be a problem. The  igno-
rance or opposition to the HBV vaccines are due 
to the anxiety of vaccine-related adverse reac-
tions. On the basis of critical systematic review 
of current data, actually no significant increased 
risk was associated with HBV vaccination, in 
onset or relapse of any diseases, such as central 
nervous system demyelinating diseases [44]. 
Clarification of the extremely low incidence of 
adverse reactions of vaccination and some other 
poorly documented side effects of the vaccines 
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may help to reduce anxiety about the risks of the 
vaccine and enhance the HBV vaccine coverage 
rate. Furthermore, the HBV immunization pro-
gram in some low-prevalence countries is not 
included in the routine infant immunization  
program, but is only focused on the prevention  
of perinatal infection and routine vaccination of 
adolescents [1]. In some other developed 
countries, under the competition from other new 
vaccines, HBV vaccination has not captured 
sufficient attention from the government [64].

9.6.3  Vaccine Failure

The causes of breakthrough HBV infection in the 
vaccinated subjects include high maternal viral 
load, intrauterine infection [41, 61], HBV surface 
gene mutants [31], genetic hyporesponsiveness 
to the vaccine [37], and immune compromised 
hosts (Table  9.3). In the era of post-HBV  
vaccination, even after complete immunization, 
vaccine failure still occurs. The leading cause of 
HBV vaccine failure is the mother-to-infant 
transmission of HBV from highly infectious 
mothers [19].

9.6.3.1  Mother-to-Infant Transmission 
of HBV (Also Refer to Chap. 4)

Infants of HBsAg carrier mothers with positive 
HBeAg and high viral load are the high-risk 

group of breakthrough HBV infection, despite 
immune prophylaxis with a combination of 
HBIG and vaccination. In children born to 
HBeAg-seropositive HBsAg carrier mothers, 
despite HBIG and three or four doses of the HBV 
vaccine, 9.26% still became HBsAg positive 
[19]. The predictive infection rates of vaccinated 
infants at maternal viral load levels of 7, 8, and 9 
log10 copies/mL were 6.6%, 14.6%, and 27.7%, 
respectively [68].

9.6.3.2  Hepatitis B Surface Gene 
a Determinant Mutation

Vaccine failure has been attributed to hepatitis B 
surface gene mutants. Compared to the preva-
lence rate of hepatitis B surface gene mutants in 
unvaccinated subjects (7.8%), the rate of surface 
gene mutant among vaccinated HBsAg carrier 
children and adolescents increased to 22–28%. 
However, the prevalence rates of the surface gene 
mutants among the total vaccinated children and 
adolescents in the population have remained sta-
tionary for at least 20 years after the implementa-
tion of the universal hepatitis B immunization 
program. This most likely is due to the reduction 
of the total HBsAg seropositive rate in the vacci-
nated population. Recombinant vaccine uses less 
infectivity of mutant G145R, and mutant loss 
with older age seems to decrease the mutant prev-
alence in an immunized population over time 
[31, 32].

Table 9.3 Causes of HBV vaccine failure and strategies to overcome the problems

Problems Descriptions Strategies to overcome the problem
Maternal 
factor

Mother-to-infant transmission 1. Maternal screening for HBV markers
2. Birth dose HBV vaccine
3. Complete > = three doses of HBV vaccination on 
schedule in infancy
4. HBIG at birth for infants of highly viremic mothers
5. Antiviral therapy during last trimester for highly viremic 
mothers

Viral factor Vaccine escape HBV surface gene 
mutant

Develop effective vaccine against HBV surface gene 
mutant(s)

Host factor 1. Genetic Hyporesponsiveness 1. High-dose vaccine or future better vaccine
2. Complete vaccination before immunosuppression2. Immune compromised host
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9.6.4  Duration of Protection 
After HBV Vaccination 
in Infancy

After HBV immunization in infancy, anti-HBs 
titers gradually decline with age, even in those 
who received a booster dose during childhood 
[66]. In a study of post-one booster dose of HBV 
vaccine, the proportion of  anti-HBs titer <10 
mIU/mL among 15–20-year-olds were 24–28% 
[34]. In another study, a booster dose of HBV vac-
cination was administered to 1974 HBsAg- and 
anti-HBs-negative subjects. The proportions of 
post booster anti-HBs titer <10 mIU/ mL were 
27.9% [74]. Even if studies show a loss of immune 
memory by this method, this does not necessarily 
mean that booster doses are required [24].

In a prospective long-term follow-up study of 
vaccinated 7–16-year-old subjects in the general 
population, the annual new anti-HBc seropositive 
rate was low (0.13%) and no new chronic HBV 
infection was detected. The decay rate of anti- 
HBs titer during age 7–16  years was approxi-
mately 20% of the titer of the previous year. 
Among the uninfected children who had anti- 
HBs <10 mIU/mL, the boosted and non-boosted 
children developed new anti-HBc positivity at a 
similar rate, implicating that a vaccine booster at 
this age is not mandatory [42].

How long can the protection by HBV vaccina-
tion last remains to be elucidated. Our recent evi-
dence showed that up to 30 years after the infant 
universal HBV vaccination program, there had 
been no increase of HBsAg seropositive rates in 
cohorts born after the HBV vaccination program, 
as found in the seven consecutive surveys in 
Taiwan [50]. Loss of antibody among those who 
received HBV vaccination during infancy may 
not indicate loss of immunity or protection. For 
those who had received vaccinations in infancy, 
routine booster vaccination may not be required 
to protect against chronic HBV infection at least 
before 30  years of age. But a booster dose for 
high- risk subjects is indicated.

The complete vaccine series induces protec-
tive antibody levels in more than 95% of infants, 
children, and young adults. Protection lasts at 
least 30  years and is probably lifelong. Thus, 

WHO does not recommend booster vaccination 
for persons who have completed the three-dose 
vaccination schedule. The WHO also suggested 
that routine universal boosters are not recom-
mended for children or adolescents. Nevertheless, 
it should be considered for those at high risk of 
HBV infection with anti-HBs < 10 mIU/mL after 
primary HBV vaccination. (www.who.int/media-
centre/factsheets/fs204/en/).

9.7  Strategies Toward the 
Success of Hepatitis B 
Prevention

9.7.1  Strategies to Enhance 
the Success of HBV 
Vaccination

In order to eliminate HBV infection, the preven-
tive efficacy against HBV infection needs to be 
further enhanced. Strategies to increase the global 
HBV vaccine coverage rate and to eliminate vac-
cine failure are the key missions to be 
accomplished.

9.7.1.1  Increasing Vaccine Coverage 
Rate

Further increase of the global coverage rates of 
infant HBV vaccination is a critical issue toward 
a better control of hepatitis B and HCC. It is of 
vital importance to convince the government of 
countries without a universal HBV vaccination 
program to implement such a program and to 
help the countries with insufficient coverage rate 
to improve their vaccination programs. Coverage 
of the expenses of HBV vaccination in countries 
by the government or establishing a vaccine fund 
is very helpful to expand the HBV vaccine cover-
age. It is particularly urgent in areas where HBV 
infection and HCC are endemic [39].

9.7.1.2  Combating Vaccine Failure 
(Table 9.3)

In endemic areas, transmission of HBV infection 
is mainly from HBV-infected mothers to their 
infants during the perinatal period. Preventing 
mother-to-infant transmission of HBV is the 

9 Prevention of Viral Hepatitis B and Related Complications

http://www.who.int/mediacentre/factsheets/fs204/en
http://www.who.int/mediacentre/factsheets/fs204/en


144

most important strategy to overcome vaccine 
failure and to enhance the success of HBV pre-
vention. Effective strategies, including screening 
HBV markers for pregnant women at their first 
prenatal visit; delivering the first dose of HBV 
vaccine to the infant within 24 hours of birth, and 
for infants of highly infectious mothers, adding 
HBIG at birth in addition to HBV vaccine, are of 
vital importance to prevent maternal transmis-
sion. In areas where a large proportion of births 
occur outside of health-care facilities, further 
efforts to overcome the difficulty of vaccine 
delivery for the birth dose of HBV vaccine are 
mandatory. In addition, a high coverage rate of 
three doses of HBV vaccine on schedule in 
infancy is also essential to induce long-term pro-
tection against HBV infection.

Development of new preventive methods to 
overcome vaccine failure in current HBV immu-
nization program is anticipated. Pilot studies 
using antiviral therapy (lamivudine or telbivu-
dine) during the last trimester of pregnancy to 
prevent mother-to-infant transmission have been 
reported [25, 65, 75]. Further successful preven-
tion results were reported in a prospective, multi-
center trial in HBsAg-positive and 
HBeAg-positive pregnant women with high- 
serum HBV-DNA levels. Treatment with tenofo-
vir disoproxil fumarate for highly viremic 
mothers significantly reduced their infants’ HBV- 
DNA positive rate at birth and HBsAg positivity 
at 6  months old and ameliorated maternal ALT 
elevations [20].

The development of better HBV vaccines to 
overcome the vaccine failure caused by HBV 
surface gene mutants and to protect immune 
compromised hosts is also anticipated. Before 
the start of immunosuppressive therapy or 
organ transplantation, HBV vaccination 
should be completed, and booster dose(s) may 
be needed to achieve adequate protective levels 
of anti-HBs in those who have low-anti-HBs 
levels.

9.7.2  Improving Blood Safety 
and Injection Safety 
and Reducing Risky Behaviors

Continuous efforts of infection control, which 
include improving blood safety by introducing 
effective screening methods for blood products, 
implementation of safe injection measures in 
health-care and community settings, and reduc-
ing risky behaviors, will reduce transmission of 
HBV.  WHO recommends that all activities 
related to blood collection, testing, processing, 
storage, and distribution be coordinated at the 
national level through effective organization and 
integrated blood supply networks. The national 
blood system should be governed by national 
blood policy and legislative framework to pro-
mote uniform implementation of standards and 
consistency in the quality and safety of blood and 
blood products. (www.who.int/mediacentre/fact-
sheets/fs279/en/) (accessed January 31, 2017).

9.7.3  World Health Organization 
(WHO) Global Heath Sector 
Strategy on Viral Hepatitis 
2016–2021 – Toward Ending 
Viral Hepatitis

In 2014, the World Health Assembly in resolution 
WHA67.6 requested that WHO examine the fea-
sibility of viral hepatitis elimination. WHO has 
defined the elimination of viral hepatitis as a pub-
lic health threat as achieving a 90% reduction in 
new chronic infections and a 65% reduction in 
mortality. WHO Global Heath Sector Strategy on 
Viral Hepatitis 2016-2021 was proposed in June 
2016. It is the first global health sector strategy 
on viral hepatitis, a strategy that contributes to 
the achievement of the 2030 Agenda for 
Sustainable Development. The goal is to 
eliminate viral hepatitis as a major public health 
threat by 2030 [73]. (http://apps.who.int/iris/ 
bitstream/10665/246177/1/WHO-HIV-2016.06-
eng.pdf) (accessed on January 31, 2017).
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The strategy calls for an increase in global 
routine childhood HBV vaccine third-dose cover-
age to 90% by 2020 and 2030 and emphasizes 
that birth dose vaccination is a key intervention 
for prevention of HBV infection in infants. The 
target is to prevent mother-to-child transmission 
of HBV for 90% by 2030. Regarding blood 
safety, blood donation screened in a quality- 
assured manner is targeted to be 100% in 2030, 
and safe injection device and manner are targeted 
to be in 90% by 2030.

9.8  Summary

Prevention is better than therapy for the success-
ful elimination of HBV infection. It is particu-
larly important in countries where HBV infection, 
chronic liver diseases, and HCC are prevalent. 
Hepatitis B vaccination is the most effective way 
to prevent HBV infection and its complications. 
To achieve better results of HBV prevention 
worldwide, higher global coverage rates of HBV 
vaccination, better strategies against vaccine fail-
ure and non-responsiveness, and good long-term 
protection effect are needed. Advocating broadly 
the accurate concept of HBV prevention includ-
ing vaccination and enhancing blood product 
safety and injection safety and reducing risky 
behaviors to the general population and obtaining 
the support from the government are of vital 
importance to the success of hepatitis B 
prevention.

The WHO Global Health Sector Strategy on 
Viral Hepatitis 2016–2021 has provided clear 
strategies and future targets for the world people 
and government to work forward. When the high 
expected coverage rate of the universal hepatitis 
B vaccination program starting from birth in 
most countries is achieved, HBV infection and its 
sequelae will be further prevented or even eradi-
cated in the future. Furthermore, the successful 
cancer preventive effect provided by HBV vac-
cination can serve as a model for the cancer pre-
ventive vaccine of other virus or bacteria-related 
cancers in human.
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Abstract
The natural history of chronic hepatitis B 
virus (HBV) infection in children varies with 
age at infection, acquisition, ethnicity, and 
endemic region. Around the world, most 
chronic hepatitis B virus (HBV) infection is 
transmitted perinatally or during early child-
hood. The risk of chronic infection when 
acquired in infancy is 90% versus 30% when 
acquired during the first 5  years of life 
and  <5% in older childhood and adulthood 
(McMahon BJ, Alward WL, Hall DB, 
Heyward WL, Bender TR, Francis DP, 
Maynard JE. J Infect Dis 151:599–603, 1985). 
Loss of hepatitis B e antigen (HBeAg) or sero-
conversion to anti-HBe can occur spontane-
ously, and the annual rate differs by age (<2% 
in children <3 years, 4–5% after age 3), with 
higher rates during puberty (Chang MH, Sung 
JL, Lee CY, Chen CJ, Chen JS, Hsu HY et al. 
J Pediatr 115(3):385–390, 1989; Liaw YF, 
Chu CM, Lin DY, Sheen IS, Yang CY, Huang 
MJ. J Med Virol 13(4):385–391, 1984). 
Children from non-endemic areas are less 
likely to have been perinatally infected and 
will often undergo HBeAg seroconversion in 
the first two to three decades of life (Bortolotti 

F, Cadrobbi P, Crivellaro C, Guido M, Rugge 
M, Noventa F et al. Gastroenterology 99:805–
810, 1990).

With cessation of active HBV replication, 
serum alanine aminotransferase (ALT) is nor-
malized, HBeAg is lost with or without devel-
opment of anti-HBe, and there is improvement 
in liver histology. Due to persistence of cova-
lently closed circular DNA (cccDNA), the 
transcriptional template of HBV, in the 
nucleus of hepatocytes, patients who have 
undergone HBeAg seroconversion cannot be 
considered “cured” (Moraleda G, Saptuelli J, 
Aldrich CE, Averett D, Condreay L, Mason 
WS. J Virol 71:9392–9399, 1997; Wong DK, 
Seto WK, Fung J, Ip P, Huang FY, Lai CL et 
al. Clin Gastroenterol Hepatol 11:1004–1010.
el, 2013). These patients are at lifelong risk 
for reactivation of infection. If patients lose 
the hepatitis B surface antigen (HBsAg), typi-
cally with persistent HBV DNA suppression, 
this is considered to be an “immunological 
cure.” This is true whether seroconversion 
occurs spontaneously or as a result of 
treatment.

The most serious sequelae of chronic hepa-
titis B (CHB), cirrhosis and hepatocellular 
carcinoma (HCC), are not commonly seen 
during childhood and adolescence. In a study 
of 292 consecutive HBsAg positive children 
with elevated ALT levels, 10 patients (3%) 
had cirrhosis (Bortolotti F, Calzia R, Cadrobbi 
P, Giacchini R, Ciravegna B, Armigliato M. J 
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Pediatr 108:224–227, 1986). In adults, HCC is 
thought to be related to the HBV DNA levels, 
degree of liver injury, and duration of infec-
tion. HCC can occur in children who have had 
HBeAg seroconversion, indicating that risk of 
HCC may continue even after viral replication 
is ceased (Livingston SE, Simonetti JP, 
McMahon BJ, Bulkow LR, Hurlburt KJ, 
Homan CE et al. J Infect Dis 195:5–11, 2007). 
Nonetheless, the goal of treatment of HBV in 
childhood is to decrease the morbidity and 
mortality of CHB later in life by using the sur-
rogate endpoints of HBeAg seroconversion 
and ALT normalization.

10.1  Indication for Treatment

Selecting patients who can benefit from treat-
ment and determining the optimal time for treat-
ment are important decisions in order to maximize 
benefit while limiting duration of therapy and 
minimize the risk for antiviral drug resistance 
later in life. Most children with HBV have persis-
tently normal ALT levels, high HBV DNA levels, 
and HBeAg in keeping with an immune-tolerant 
state, but immune activation can occur [1].

Children with ALT levels ≤1.5–2 times the 
upper limit of normal (ULN), positive HBeAg, 
and high HBV DNA levels (>10 million IU/ml) 
are likely in the immune-tolerant phase of HBV 
infection. These children are typically not ideal 
for treatment because current therapies have not 
been shown to induce HBeAg seroconversion 
when compared with no treatment. Thus, the 
American Association for the Study of Liver 
Diseases (AASLD) recommends against the use 
of therapy in these children, regardless of the 
HBV DNA level [1]. In addition, children with 
ALT values greater than ten times the ULN may 
be in the process of spontaneous HBeAg sero-
conversion and should be observed for several 
months before the decision to proceed with treat-
ment is finalized. For patients with DNA 
level <104 IU/mL but elevated ALT, therapy can 
be deferred until other etiologies of liver disease 
and spontaneous HBeAg seroconversion are 
evaluated.

The AASLD recommends treatment for chil-
dren ages 2 to <18 years who are HBeAg positive 
with persistently elevated ALT (>1.5 times the 
ULN at least 2 occasions over at least 6 months in 
HBeAg+ or 12 months in HBeAg– children) and 
HBV DNA levels of ≥2000 IU/ml [1]. The 2015 
World Health Organization (WHO) and 2013 
European Society of Pediatric Gastroenterology, 
Hepatology, and Nutrition (ESPGHAN) guide-
lines state that treatment priority should be given 
to children with clinical evidence of compensated 
or decompensated cirrhosis, regardless of ALT 
levels, HBeAg status, or HBV DNA levels [2, 3]. 
In addition to these considerations, treatment of 
patients with advanced inflammation or fibrosis 
or family history of HCC should also be consid-
ered [4].

10.2  Treatment Options, 
Mechanism of Action, 
and Therapeutic Studies

Therapies studied in children with chronic hepa-
titis B include one biologic preparation 
(interferon- alfa) and oral nucleoside (lamivudine, 
entecavir) and nucleotide (adefovir dipivoxil and 
tenofovir disoproxil fumarate) analogs (NA). 
There are currently five agents (interferon-α-2b, 
lamivudine, adefovir, tenofovir disoproxil fuma-
rate, entecavir) approved for treatment for chil-
dren or adolescents in the United States by the 
Food and Drug Administration.

Treatment studies in children have included 
HBeAg-positive patients with at least mildly ele-
vated ALT (>1.3 times the ULN with the usual 
ULN of 30 U/L). Since endpoints such as cirrho-
sis, HCC, and death are rare in children, treat-
ment studies in children typically invoked other 
intermediate endpoints including normalization 
of ALT, HBV DNA clearance/suppression, 
HBeAg loss and seroconversion, or a combina-
tion of these factors. Studies used different assays 
for the measurement of HBV DNA level, but all 
studies included only HBeAg-positive patients. 
There have been no studies of therapy for 
HBeAg-negative children, since this is rare dur-
ing childhood and adolescence.
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A recent meta-analysis examined randomized 
controlled trials (RCT) and observational studies 
of children <18 years with chronic HBV infec-
tion [4]. After searching 2321 citations, 14 quali-
fying studies with children were identified, in 
which some of the patients were followed for up 
to 15 years. Twelve of the RCTs studied interme-
diate treatment endpoints: ALT normalization, 
HBV DNA suppression, HBeAg/HBsAg sero-
conversion, and HBeAg/ HBsAg loss. Looking at 
all RCTs with posttreatment follow-up both 
<12 months and ≥12 months, antiviral treatment 
was more effective than placebo to achieve all 
intermediate endpoints: ALT normalization, 
HBeAg clearance loss, HBV DNA suppression, 
HBeAg seroconversion, and HBsAg clearance.

10.2.1  Interferon-Alfa(α)

Interferon (IFN) is a cytokine with immunomod-
ulatory and antiviral properties [5]. IFN-α affects 
HBV by binding to its cellular receptor and acti-
vates secondary messengers which then help pro-
mote defense of the cell against viruses. IFN-α 
also enhances immunomodulation by increased 
antigen presentation to the immune system, acti-
vation of natural killer cells, and increased pro-
duction of cytokines. Antiviral effects include 
degradation of viral mRNA, inhibition of viral 
protein synthesis, and prevention of cell 
infection.

The only drug studied in an RCT evaluating 
for the primary endpoints of HCC and cirrhosis 
was IFN-α. In these studies, IFN-α did not sig-
nificantly reduce the risk of either HCC (RR 0.3) 
or cirrhosis (RR 0.2) [6, 7]. In RCTs looking at 
<12-month follow-up from therapy, patients 
treated with IFN-α were found to have statisti-
cally improved HBeAg clearance/loss (RR 3.2) 
[8, 9] and HBV DNA suppression (RR 2.2) [8–
13] compared to no treatment. However, IFN-α 
treatment did not result in ALT normalization 
(RR 1.4) [8–10, 13], HBeAg seroconversion (RR 
2.8) [11], or HBsAg clearance (RR 7.4) [10]. 
When followed for ≥12 months post IFN-α treat-
ment, there was improved HBeAg clearance/loss 
(RR 2.0) [8, 11, 13–15] and HBeAg seroconver-

sion (RR 3.1) [11, 15], but not ALT normaliza-
tion (RR 1.4) [14], HBV DNA suppression(RR 
1.5) [8, 9, 11, 12, 15], HBsAg clearance (RR 3.3) 
[14, 15], or HBsAg seroconversion (RR 2.5) [14, 
15].

10.2.2  Lamivudine

Lamivudine is a nucleoside analog reverse tran-
scriptase inhibitor with anti-HIV and anti-HBV 
properties. Inside the cell, it is converted into a 
form which can incorporate into a growing HBV 
DNA chain and then act as a chain terminator 
[16]. It can also inhibit viral DNA synthesis, halt 
the recycling of virions to the nucleus, and slow 
the formation of cccDNA [17, 18]. With lower 
levels of circulating HBV DNA, there is a con-
comitant increase in the clearance of HBeAg 
from the circulation [18–20].

There was one RCT which studied lamivudine 
treatment for 48  weeks. Patients treated with 
lamivudine were found to have significant advan-
tage in three of the intermediate endpoints includ-
ing ALT normalization (RR 4.5), HBeAg 
clearance/loss (RR 1.8), and HBV DNA suppres-
sion (RR 3.9) but not HBeAg seroconversion 
(RR 1.7) or HBsAg clearance (RR 3.5) [21]

In adults, monotherapy with lamivudine con-
fers a high risk for resistance, with 20% of 
patients developing resistance at 1 year and 70% 
after 5 years [22, 23]. In children, resistance to 
lamivudine developed in 19% at 1 year [21] of 
therapy and 67% after 2 years [24]. For this rea-
son, lamivudine is not considered a first-line 
agent, since long-duration therapy is typically 
required for most patients. The lamivudine- 
resistant HBV variant is sensitive to adefovir and 
tenofovir.

10.2.3  Adefovir

Adefovir dipivoxil is a nucleotide analog. Once 
inside the cell, it is phosphorylated to the active 
form which acts as a chain terminator of the HBV 
DNA chain and/or a competitive inhibitor of the 
substrate dATP [7]. When used for 48 weeks, it 
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has been shown to decrease both cccDNA and 
HBsAg levels in HBeAg-positive patients [25].

In one RCT of pediatric patients treated for 
48 weeks, adefovir was found to produce a higher 
rate of ALT normalization (RR 2.7) and HBV 
DNA suppression (RR 11.1) but not HBeAg 
seroconversion (RR 3, 95% CI 0.9–9.9) when 
compared to placebo treatment [24]. When the 
same cohort of patients was followed in an open- 
label study for 192  weeks, adefovir-treated 
patients showed continued viral suppression and 
ALT normalization [26]. Adefovir is approved 
for the treatment of adolescents (≥12  years of 
age) in the United States. Nonetheless, since ade-
fovir has less potent antiviral activity than other 
currently available agents, its use is now very 
limited.

The rate of development of adefovir resistance 
mutations is lower than those reported for lami-
vudine. It has been predicted to be 5% at 
12 months and 17% at 24 months in adults [27]. 
Adefovir-resistant variants are sensitive to teno-
fovir and other L-nucleoside analogs, lamivudine 
and entecavir.

10.2.4  Entecavir

Entecavir is a guanosine nucleoside analog active 
against HBV polymerase. Similar to the other 
nucleoside analogs, entecavir is phosphorylated 
to its active form intracellularly. It inhibits the 
HBV DNA polymerase by interfering with the 
priming of the polymerase, is a competitive 
inhibitor of dGTP, and acts as a chain terminator 
at three major steps of HBV replication [28, 29].

When entecavir was studied in children for 
48 weeks, compared to placebo, treated patients 
had higher rates of ALT normalization (RR 2.9), 
HBV DNA suppression (RR 14.8), and HBeAg 
seroconversion (RR 2.4) [30]. The only statisti-
cally significant difference with treatment at 
96 weeks was for HBeAg seroconversion.

The likelihood for entecavir resistance is low 
due to a high genetic barrier. Entecavir-resistant 
variants are seen almost exclusively in 
lamivudine- experienced patients; when entecavir 
is used in that setting, a higher dose (double) is 
recommended.

10.2.5  Tenofovir

Tenofovir disoproxil fumarate (TDF) has been 
shown to have effects against wild-type and 
lamivudine- resistant HBV strains. Tenofovir DF 
is phosphorylated into the active form with a long 
half-life [31]. Like the other NAs, it also func-
tions as a chain terminator but also is a poor sub-
strate for cellular DNA polymerase [32]. 
Tenofovir DF is well tolerated with a similar 
safety profile to adefovir but is more potent.

When TDF treatment was studied in an adoles-
cent RCT for 72 weeks, in comparison with pla-
cebo, there were higher rates of ALT normalization 
(RR 2) and HBV DNA suppression (RR 92.4) but 
no difference in the rate of HBeAg clearance/loss 
(RR 1.4) [33]. TDF is approved for use in adoles-
cents ≥12 years of age in the United States. Long-
term studies of TDF in adults have not reported 
detectable resistance [34].

10.3  Clinical Management

AASLD [1], WHO [2], European Association for 
the Study of the Liver (EASL) [35], and the 
ESPGHAN [3] guidelines all agree that the goal 
of treatment is to improve long-term survival and 
decrease the morbidity associated with chronic 
HBV infection. Although these guidelines also 
agree that the optimal endpoint of treatment is 
persistent HBsAg clearance, which indicates a 
halting of disease progression and thereby a 
reduction in the risk for HCC, this endpoint 
occurs rarely in treated patients. If this is not 
attained, the next goal of therapy is to reach sus-
tained undetectable HBV DNA levels and anti- 
HBe seroconversion in patient who was 
previously HBeAg positive. Alternatively, unde-
tectable HBV DNA while under prolonged anti-
viral therapy is also a reasonable goal.

Current treatment options for children are lim-
ited but hopefully will continue to expand 
(Table 10.1). The currently approved treatments 
have acceptable safety profiles in children. Prior 
to treatment, patients and their caregivers should 
be counseled on the indications of treatment and 
possible benefits and side effects. Practitioners 
should also assess their understanding for the 
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Table 10.1 Approved antiviral therapies in children in the United States

Drug Age Dose Possible side effects Monitoring while on treatment
Interferon- 
α-2b

≥1–
18 years

6 million IU/m2 TIW Flu-like symptoms CBC (q 1–3 months)
Fatigue TSH (q 3 months)
Mood changes Monitor for autoimmune, ischemic, 

neuropsychiatric, and infectious issuesCytopenias
Autoimmune 
disorders

Lamivudine ≥2 years 3 mg/kg daily (max 
100 mg)

Lactic acidosis Amylase/lipase if symptoms are 
concerning for pancreatitis

Pancreatitis Lactic acid level if concerned
Entecavir ≥2 years For treatment naïve Lactic acidosis Lactic acid levels if concerned

For 10–30 kg, there 
is weight-based 
dosing
0.15 mg (10–11 kg)
0.2 mg (>11–14 kg)
0.25 mg 
(>14–17 kg)
0.3 mg (>17–20 kg)
0.35 mg 
(>20–23 kg)
0.4 mg (>23–26 kg)
0.45 mg 
(>26–30 kg)
0.5 mg (>30 kg)
For lamivudine 
experienced
0.3 mg (10–11 kg)
0.4 mg (>11–14 kg)
0.5 mg (>14–17 kg)
0.6 mg (>17–20 kg)
0.7 mg (>20–23 kg)
0.8 mg (>23–26 kg)
0.9 mg (>26–30 kg)
1 mg (>30 kg)

Adefovir ≥12 years 10 mg daily Acute renal failure CrCl at baseline
Fanconi syndrome If at risk for renal impairment, CrCl, 

serum phosphorus, urine glucose, and 
protein yearly

Nephrogenic 
diabetes insipidus

In patients with fractures or risk for 
osteopenia, bone density at baseline 
and during treatment

Lactic acidosis Lactic acid levels if concerned
Tenofovir 
DF

≥12 years 300 mg daily Nephropathy CrCl at baseline
Fanconi syndrome If at risk for renal impairment, CrCl, 

serum phosphorus, urine glucose, and 
protein yearly

Osteomalacia, 
decrease in bone 
density

In patients with fractures or risk for 
osteopenia, bone density at baseline 
and during treatment

Lactic acidosis Lactic acid levels if concerned

Abbreviations: CBC complete blood counts, TSH thyroid-stimulating hormone, CrCl creatinine clearance
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need and willingness for long-term treatment and 
regular monitoring. Additional counseling on 
lifestyle choices and hepatitis A vaccination 
should also be considered in all patients.

In the United States, for children older than 
1 year of age, interferon-α-2b is approved for a 
course of 24  weeks. The major advantage of 
interferon treatment is the lack of resistance and 
the possibility of off-treatment sustained viro-
logical response, chance of HBsAg loss, and 
undetectable HBV DNA. Like in adults, children 
can experience flu-like symptoms with interferon 
treatment. Body weight and growth have also 
been reported to be influenced transiently in chil-
dren [36]. In addition, the three-times-per-week 
injection schedule can be more challenging in 
children. There are several relative contraindica-
tions for its use in patients with decompensated 
cirrhosis, hypersplenism, thyroid disease, auto-
immune disease, severe coronary artery disease, 
renal transplant status, pregnancy, seizures, psy-
chiatric illness, thrombocytopenia, leucopenia, 
and retinopathy and certain concomitant medica-
tion use [2]. Although not approved for chronic 
hepatitis B infection, PEGylated interferon-α-2a 
once weekly therapy is approved for adults with 
hepatitis B and for chronic hepatitis C in children 
5 years and older. Clinicians can potentially con-
sider this drug for chronic HBV.

The oral antiviral therapies approved for chil-
dren in the United States are lamivudine, adefo-
vir, tenofovir DF, and entecavir. The main 
advantage for the NA over IFN is the once-daily 
oral dosing and tolerability. Disadvantages of 
NAs are that they may require long-term, poten-
tially lifelong therapy, with high long-term costs 
and the risk of developing drug resistance [2]. In 
addition, all NAs carry a black box warning from 
the US FDA for lactic acidosis, although this is 
exceedingly rare in CHB.  NAs are primarily 
renally excreted, and dose adjustments are neces-
sary with renal functional impairment. The cost 
of therapy is also quite variable especially in 
resource-poor areas with higher cost of TDF and 
entecavir in these areas. Regardless of oral NA 

chosen, treatment with oral antivirals has been 
studied for 1–4 years with the main therapeutic 
endpoint in children of HBeAg seroconversion. 
An additional 12  months of consolidation ther-
apy (after HBeAg seroconversion) is recom-
mended, as in adults. Once therapy is completed, 
monitoring every 3 months for the 1st year is rec-
ommended for signs of recurrent viremia, ALT 
elevations, and decompensation of clinical 
status.

Like in adults, lamivudine and adefovir are 
also associated with high viral resistance rates in 
children [37] and thus are not used as first-line 
therapy. Lamivudine and entecavir are approved 
for children 2 years and older. Adefovir and TDF 
are approved only for use in children 12  years 
and older. However, in adults, TDF has been 
reported to cause renal dysfunction, hypophos-
phatemia and Fanconi syndrome (glycosuria, 
hypophosphatemia, metabolic acidosis), and the 
associated reduced bone density and osteomala-
cia/osteoporosis [38]. The AASLD practice 
guidelines recommend that patients on TDF 
should be assessed for renal safety with serum 
creatinine, phosphorus, urine glucose, and urine 
protein before treatment initiation and at least 
annually or more frequently during treatment [1]. 
There is insufficient evidence to recommend 
monitoring of bone mineral density for patients 
on TDF. There are no specific monitoring recom-
mendations for children, but it seems prudent to 
consider evaluation for these events in adoles-
cents receiving this agent.

In November 2016, the FDA approved tenofo-
vir alafenamide (TAF), the prodrug of TDF, for 
use in adults with chronic HBV. It is reported to 
have similar efficacy but with greater plasma sta-
bility. Thus, the effective dose of TAF is much 
lower than TDF, resulting in lower rates of renal 
and bone adverse effects. Like other NAs, TAF 
also carries a black box warning for lactic acido-
sis but also carries an additional warning for hep-
atomegaly with steatosis. Though not studied in 
children yet, this offers hope that this may be an 
option for children in the future.

C. K. Lee and M. M. Jonas



155

10.4  Summary

Though most children with chronic hepatitis B 
infection typically do not develop advanced liver 
disease, complications such as HCC and cirrhosis 
are reported in childhood. The literature on anti-
viral therapy for chronic HBV infection in chil-
dren shows the improvement of intermediate 
outcomes including ALT normalization, HBeAg 
loss, HBV DNA suppression, HBeAg serocon-
version, and HBsAg loss when compared to no 
treatment or placebo. Unfortunately, the RCT 
evidence in children is limited due to small num-
ber of studies, short duration of follow-up, and 
minimal data on significant outcomes – cirrhosis 
and HCC. Since cirrhosis and HCC development 
in childhood is rare, RCT’s in children use inter-
mediate outcomes (HBeAg seroconversion and 
viral suppression) to inform clinical decisions 
when treating children. Like in adults, the cur-
rently approved therapies for children are well 
tolerated. Care must be taken to determine the 
best regimens in order to minimize development 
of resistance and side effects. Caregiver and 
patient preferences and capabilities must also be 
considered when deciding the appropriate ther-
apy and treatment course.
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Abstract
Hepatitis C was first cloned and discovered to 
be a major cause of non-A, non-B hepatitis in 
1989. Hepatitis C virus (HCV) is a RNA virus 
within the Flaviviridae family and comprises 
the genus Hepacivirus, of which there are six 
known genotypes. HCV is now known to be a 
leading cause of chronic liver disease in both 
industrialized and developing countries. 
Recent estimates suggest that over 200  mil-
lion people worldwide have been infected 
with hepatitis C virus with an additional 
3–4  million newly infected annually 
(El-Shabrawi MH, Kamal NM. World J 
Gastroenterol 19:7880, 2013). Eleven million 
of those globally infected with HCV are 
thought to be under 15 years of age (Gower E, 
Estes C, Blach S et al. J Hepatol 61:S45, 
2014). Infection with HCV most commonly 
leads to persistent infection and can progress 
to chronic liver disease, cirrhosis, or hepato-
cellular carcinoma. While children account 
for a small proportion of the infected popula-
tion, many of these children develop chronic 
hepatitis C and thus are at risk for its compli-

cations. The worldwide prevalence of HCV 
infection in children varies geographically, 
ranging from 0.05% to 0.36% in the USA 
(1.3% of children over the age of 6 (Mack CL, 
Gonzalez-Peralta RP, Gupta N et al. J Pediatr 
Gastroenterol Nutr 54:838, 2012)) and Europe 
to 1.8–5.8% in certain developing countries. 
The highest prevalence reported is in Egypt, 
sub-Saharan Africa, Amazon basin, and 
Mongolia (El-Shabrawi MH, Kamal NM. 
World J Gastroenterol 19:7880, 2013). 
Including individuals who were previously 
exposed but cleared the infection with those 
infected, the prevalence of HCV antibody 
positivity in North America is thought to 
approximate 0.2% of 6–11-year-olds and 
0.4% of 12–19-year- olds (Mack CL, 
Gonzalez-Peralta RP, Gupta N et al. J Pediatr 
Gastroenterol Nutr 54:838, 2012). While a lot 
of what is known about hepatitis C comes 
from studying adults with the disease, chil-
dren and adults demonstrate differences in 
modes of acquisition and transmission, rates 
of clearance and progression, and perhaps in 
response to treatment.

11.1  Transmission and Clearance

Transmission of HCV infection is through con-
taminated blood or other bodily fluids. Perinatal 
transmission represents the most common mode 
of acquisition of HCV in children, accounting for 
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approximately 60% of pediatric infections and 
750 new cases per year in the USA alone [1]. 
Perinatal transmission of HCV is relatively inef-
ficient, however, with the likelihood of HCV ver-
tical transmission from HCV RNA-positive 
mothers estimated to be 5–6% [2, 3]. It has been 
suggested that the placenta itself might protect 
against HCV transmission to the neonate by 
increasing the proportion of natural killer cells 
and γδ-T cells in the placenta and thereby help-
ing to eradicate the virus [4] Risk of perinatal 
transmission is increased with a high maternal 
HCV RNA level and with untreated HIV coinfec-
tion, which has been shown to increase transmis-
sion rates by 2–3-fold. In contrast, the risk of 
HCV acquisition in children born to HCV 
antibody- positive RNA-negative mothers is neg-
ligible [3].

Other factors thought to potentially influence 
transmission rates include labor duration, new-
born gender, HCV genotype, amniocentesis, fetal 
scalp monitoring, prolonged rupture of mem-
branes, and fetal anoxia at time of delivery [2]. A 
European study found that among perinatally 
infected children, females were more than twice 
as likely as males to be infected, raising the pos-
sibility that hormonal or genetic factors may 
influence the susceptibility to infection [5]. 
Despite the risk of HCV vertical transmission, 
elective C-section is not thought to confer reduc-
tion in transmission rates in HCV mono-infected 
women. Nevertheless, large vaginal tears during 
delivery should be avoided, and where reason-
able, prolonged rupture of membranes and inter-
nal fetal scalp monitoring should be avoided [6]. 
Breastfeeding is not contraindicated as there is 
no evidence that it promotes HCV transmission 
between mother and infant, but abstaining from 
breastfeeding if nipples are bleeding or mastitis 
is present is considered prudent.

The risk of acquiring HCV infection via trans-
fusion of blood or blood products is now consid-
ered negligible thanks to appropriate screening. 
Intravenous drug use with sharing of contami-
nated needles or nasal drug abuse with sharing of 
nasal straws, tattooing and body piercing with 
contaminated equipment, and transmission via 
sexual intercourse are possible modes of HCV 

acquisition but represent a significant minority of 
new infections in the pediatric population.

11.2  Acute Hepatitis C

Acute hepatitis C infection in children is typi-
cally clinically mild and can go unrecognized. 
Most studies examining acute hepatitis C involve 
adults who acquired HCV infection through 
intravenous drug use, blood transfusions prior to 
1992, and sexual transmission. Seven to twenty- 
one days after viral transmission, HCV RNA 
becomes detectable in serum. However, the time 
from infection to HCV RNA positivity is thought 
to vary based on route of transmission and could 
be longer in setting of lower viral loads [7]. HCV 
RNA levels are thought to rise first, followed by a 
rise in alanine aminotransferase (ALT) 
4–12  weeks after infection. Reflecting the 
induced hepatocellular injury, ALT levels in 
adults have been known to rise to greater than ten 
times the upper limit of normal, often accompa-
nied by elevation in bilirubin levels [7]. As in 
children, the majority of adults remain asymp-
tomatic during the acute stage of infection, which 
limits identification of these individuals and the 
ability to study early phases of the disease. Those 
adults who do develop clinical symptoms in the 
acute phase are thought to do so 2–12 weeks after 
viral transmission. Reported symptoms are non- 
specific and include fatigue, nausea, abdominal 
pain, anorexia, low-grade fever, pruritus, and 
myalgia. Of those adults who develop early clini-
cal symptoms, 50–84% may develop jaundice 
[7]. Some authors have proposed that clinical 
symptoms during acute infection are associated 
with higher rates of spontaneous clearance, 
reflecting a robust immune response. It is known 
that clearance is associated with antiviral T cell 
responses and upregulation of genes encoding 
the inhibitory NK cell receptor (KIR2DL3) and 
its corresponding HLA ligand. Specific polymor-
phisms within the interleukin 28B gene region on 
chromosome 19 (Rs12979860 CC) have been 
identified in adult studies to play a significant 
part in spontaneous clearance of HCV infection 
[7]. The role of immune response or host genetic 
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factors in children is less clearly elucidated but, 
not unexpectedly, studies have demonstrated 
results similar to those in adults [8].

After acute HCV infection, three major pat-
terns of infection have been observed in untreated 
children. In approximately 15–20% of cases, 
HCV infection is transient, HCV RNA becomes 
undetectable, and ALT levels normalize. 
Transient infection with clearance of HCV after 
acute infection is not thought to carry any long- 
term sequelae. The remaining 80–85% of infected 
individuals become chronically infected. 
Persistent asymptomatic infection with intermit-
tent viremia, usually normal ALT levels, and 
slow progression of hepatocellular injury is the 
second infection pattern observed. The third sce-
nario is characterized by chronic, active infection 
with persistent viremia, frequent ALT elevations, 
in some cases hepatomegaly, and a risk of pro-
gression to end-stage liver disease. For unclear 
reasons, the risk of remaining persistently 
infected after acute infection is lower in young 
children. While approximately 70% of adults 
develop chronic infection, the rate of developing 
chronic infection in infants and young children is 
lower [1]. Among children who acquire HCV at 
birth, 25–40% will spontaneously resolve the 
infection by 2 years, although spontaneous reso-
lution has been observed as late as 7 years after 
vertical transmission [9]. Highest rates of sponta-
neous clearance are seen among those with geno-
type 3 [10, 11]. In contrast, children who acquire 
the virus outside the newborn period (via transfu-
sion or high-risk behaviors) are less likely to 
clear the infection prior to adulthood, and the 
majority will have a natural history that more 
closely resembles that of adults.

11.3  Chronic Hepatitis C

Chronic HCV infection is estimated to affect 
0.1–7% of children depending on the population 
and presence of risk factors (in the USA 0.1–2% 
[9]). Chronic hepatitis C has been defined as per-
sistence of HCV RNA 6 months after viral trans-
mission. However, the demonstrated clearance of 
viremia in perinatally infected children in the 

years following birth suggests that this definition 
may need to be revised. Nevertheless, once 
chronic hepatitis C infection is established, spon-
taneous HCV clearance rarely occurs. In a large 
retrospective European study, the proportion of 
children with chronic HCV who became HCV 
RNA negative with persistently normal ALT 
levels during an average 4-year follow-up was 
relatively low (3.5%) [12], which makes accurate 
analysis of possible predictors of viral clearance 
in those “chronically infected” difficult.

Once chronicity is established, serological and 
histological features seem to be independent of 
the source of infection [12]. Individual progres-
sion of liver disease is highly variable in persis-
tently infected, untreated children. In adults, 
liver-related symptoms are typically associated 
with advanced liver disease and cirrhosis, with 
other reported symptoms such as right-sided 
abdominal discomfort, nausea, fatigue, myalgia, 
arthralgia, and weight loss uncommon, and not 
correlated with the severity of liver injury [7]. 
Fatigue is the most common complaint in adults 
with chronic hepatitis C infection. The majority of 
children, in contrast, are asymptomatic and, even 
in the setting of liver cirrhosis, symptoms are usu-
ally minimal. Depression and cognitive impair-
ment have been reported in HCV-infected adults, 
which is thought to be linked to HCV infection in 
the central nervous system resulting in neuroin-
flammation and cognitive dysfunction [13]. 
Furthermore, adults with chronic HCV are known 
to have impaired executive function and atten-
tion  in comparison to non-infected individuals 
[14]. These observations have raised concerns 
about learning difficulties and decreased execu-
tive function in the pediatric population. Quality- 
of- life issues pertaining specifically to the 
pediatric population include maternal guilt and 
negative impacts on the child’s caregiver and fam-
ily with reported higher stress levels and concerns 
over their child’s health [15, 16]. Laboratory 
markers of hepatic inflammation, such as ALT 
levels, do correlate with the degree of Knodell and 
Ishak scores of inflammation, but do not correlate 
with the degree of fibrosis, suggesting that indi-
viduals may have advancing fibrosis despite low 
or normal ALT levels [17]. Hepatomegaly is non-
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specific but may be an early indicator of liver 
damage. In a large prospective European study 
examining children with vertically acquired hepa-
titis C virus, it was estimated that 13% of children 
developed hepatomegaly by 5  years of age and 
28% developed hepatomegaly by age 10 [18]. In 
this same studied population, ALT levels peaked 
in the first 2  years of life and then decreased. 
Approximately 1/3 of children had an elevated 
ALT at 75% of their follow-up visits  and these 
subjects were more likely to have hepatomegaly 
[19].

Although most reports reveal approximately 
2% of children developing cirrhosis in the first 
two decades of life, there are reports showing 
rates of childhood cirrhosis as high as 8%, with 
bridging fibrosis as high as 44% [20]. 
Thrombocytopenia is indicative of cirrhosis with 
portal hypertension, and elevated bilirubin levels 
and hypoalbuminemia suggest synthetic dysfunc-
tion [19]. In the prospective study of European 
infants infected with HCV at birth, 20% recov-
ered, 50% developed mild asymptomatic chronic 
infection, and 30% developed progressive disease 
[19]. A multicenter US study (the PEDS-C trial) 
evaluated 114 children, aged 5–17 years, 75% of 
whom were perinatally infected and 81% of 
whom were genotype 1. Serum ALT levels were 
elevated in 61% of the subjects, 4% had bridging 
fibrosis, and 2% had cirrhosis [21]. Another study 
followed 60 chronically infected children and 
adolescents for 5 years. The majority of the sub-
jects were infected via transfused blood products 
prior to 1990, and the remainder were infected 
perinatally. 94% of the subjects had clinical and 
laboratory evidence of mild liver disease only, 
while two required liver transplantation for liver 
failure and portal hypertension [22].

Once advanced fibrosis has developed, the 
annual rate of progression to cirrhosis is approxi-
mately 10% per year [21]. Unlike in adults, hepato-
cellular carcinoma developing during childhood as 
a result of chronic HCV is uncommon. Thus far 
only two cases of HCC as a result of HCV infection 
have been reported in children [23]. Furthermore, 
children rarely require liver transplantation for 
chronic HCV infection. In the USA between the 
years 1988 and 2009, only 133 children were trans-
planted for chronic HCV infection [9].

11.4  Progression of Chronic 
Hepatitis C

Multiple host, viral, and behavioral factors have 
been implicated in the risk of progression of 
chronic hepatitis C. In addition to viral load and 
serum aminotransferase levels, other implicated 
factors include age, gender, ethnicity, obesity, tox-
ins, HCV genotype, environmental factors, and 
comorbid risk factors (e.g., hemolytic anemias, 
treated malignancy, immunosuppression, and 
concomitant HIV or hepatitis B infection) or 
genetic factors. The degree of hepatic fibrosis has 
been shown to correlate both with duration of 
infection as well as age at infection [23]. Studies 
looking at transfusion-related HCV infection have 
confirmed that the younger the individual at time 
of infection, the lower the severity of liver disease 
upon follow-up. Hypotheses have been proposed 
for these observations, including more robust 
immune responses to early acquired infection, 
decreased propensity for developing fibrosis in 
children, and the typical absence or reduced rates 
of confounding risk factors such as alcohol, obe-
sity, and coinfections. In one study, all children 
who developed decompensated cirrhosis (mean 
age 9.6 years) as a result of HCV infection (6 of 
332 subjects (1.8%) with persistent viremia) had 
been infected perinatally with genotype 1a, and 
the majority of those children had steatosis on 
liver biopsy, even in the absence of obesity [10].

Liver disease and fibrosis in children are 
accelerated in the presence of comorbid condi-
tions such as thalassemia, iron overload, child-
hood malignancy, and HIV coinfection [23]. In 
adults, gender is also thought to influence disease 
progression with males demonstrating ten times 
more rapid progression to fibrosis and cirrhosis 
than females, regardless of age, duration of infec-
tion, alcohol consumption, or metabolic factors 
[21]. This gender disparity suggests that hor-
monal factors, estrogen in particular, may play a 
role in liver fibrosis. Race has also been identified 
as a risk factor for progression of hepatic fibrosis, 
with histological activity and incidence of liver 
cirrhosis lower in African-Americans in compari-
son to Caucasians. These risk factors, while 
 well- established in adults, have yet to be clearly 
demonstrated in pediatric studies.
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11.5  Hepatocellular Carcinoma

Chronic hepatitis C has been identified as a 
prominent contributor to the increasing inci-
dence of hepatocellular carcinoma that has 
been observed worldwide. Hepatitis C is 
thought to be responsible for approximately 
25% of HCC cases, with a particularly high 
prevalence in East Asia [7]. An elevated alpha-
fetoprotein (AFP) is concerning for the devel-
opment of hepatocellular carcinoma, and 
patients with chronic HCV and an elevated AFP 
should undergo a liver ultrasound as an initial 
diagnostic step. Of note, however, a sizeable 
portion of patients with HCV cirrhosis in the 
absence of HCC have an elevated AFP [21]. 
Risk factors for the development of HCC in 
adults with hepatitis C are similar to those asso-
ciated with the development of cirrhosis and 
include male gender, moderate alcohol intake, 
type 2 diabetes, and certain genetic factors. A 
genome-wide association study consisting of 
721 people with HCV-related HCC revealed a 
SNP (rs2596542) at the gene encoding MICA 
(major histocompatibility class I polypeptide- 
related sequence A) was strongly associated 
with the development of HCC in HCV-infected 
individuals [24]. Risk factors for HCV-
associated HCC in children have not been iden-
tified beyond cirrhosis.

11.6  Extrahepatic Manifestations

Extrahepatic complications of chronic HCV 
are observed in adults in up to 45–74% of 
patients [7]. Some authors suggest that extra-
hepatic manifestations of HCV may be predic-
tive of disease prognosis. Glomerulonephritis, 
mixed cryoglobulinemia, and B-cell lymphoma 
can be associated with chronic HCV, although 
B-cell lymphoma has not been reported in the 
pediatric population. Compared with non-
infected adults, HCV- infected adults have an 
increased rate of insulin resistance and type 2 
diabetes. Insulin resistance influences the pro-
gression of hepatitis C by expediting liver 
fibrosis and correlating with a higher preva-
lence of HCC [7].

11.7  Summary

The natural history and histopathology of HCV- 
related liver disease in children certainly needs fur-
ther investigation and clarification. However, since 
the discovery of HCV, there have been significant 
advances in understanding the virology and natural 
history of the disease in children. Multiple host and 
viral factors as well as the significance of mode and 
timing of transmission have been identified as 
influencing the progression of hepatitis C. While 
the proportion of children who develop HCC or 
end-stage liver disease secondary to HCV is low, 
adult studies indicate that these numbers will 
increase in adulthood in those infected early in life. 
While treating children with chronic hepatitis C 
has the advantage of eradicating the virus and halt-
ing the progression to liver disease, some argue 
against routine treatment of children given that 
liver disease is generally mild in this population. 
With the recent development of the highly effective 
and well- tolerated direct-acting antiviral (DAA) 
medications, however, there is little excuse for not 
treating all infected individuals. As these medica-
tions are trialed in, and approved for, the treatment 
of children with chronic HCV infection, under-
standing which patients will most benefit from 
treatment will be increasingly important. Viral 
genotype is a major determinant of response to 
treatment with pegylated interferon and ribavirin 
(PEG/RV), the only currently approved treat-
ment  for children. Genotypes 1a and 1c are less 
responsive to PEG/RV treatment than genotype 2 
or 3. Therefore, in children with genotypes 1a and 
1c with little histopathologic changes on biopsy, 
one might opt to defer treatment with PEG/RV 
until appropriate DAA options are available. As a 
better knowledge of progression and risk factors 
associated with chronic hepatitis C in children 
emerges, management can be better tailored to 
meet the individual’s needs.
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Abstract

Once hepatitis C virus (HCV) infection has 
infected a child, the risk of chronicity seems 
as high as in adults, i.e., 60–80%. Although 
symptomatic disease is rare and histological 
progression is in most cases slower than for 
adults, advanced fibrosis or in fact cirrhosis is 
noted in 2–5% by adolescence (Bortolotti F, 
Verucchi G, Cammà C, Cabibbo G, Zancan L, 
Indolfi G et al. Gastroenterology 134:1900–
1907, 2008; Guido M, Bortolotti F, Leandro 
G, Jara P, Hierro L, Larrauri J et al. Am J 
Gastroenterol 98:660–663, 2003; Goodman 
ZD, Makhlouf HR, Liu L, Balistreri W, 
Gonzalez-Peralta RP, Haber B et al. 
Hepatology 47:836–843, 2008; Jara P, Resti 
M, Hierro L, Giacchino R, Barbera C, Zancan 
L et al. Clin Infect Dis 36:275–280, 2003). 
This would suggest that antiviral treatment 
during childhood or adolescence can be bene-
ficial. Furthermore, if such treatment is suc-
cessful, i.e., eradicates the infection, the future 
risks of transmitting the infection to sexual 
partners or offspring are eliminated. 
Additionally, there is usually no need for fur-
ther follow-up after successful treatment with 

the achievement of sustained viral response 
(SVR) 12–24 weeks after cessation. The one 
exception is the continuous need for screening 
for hepatocellular carcinoma if cirrhosis was 
detected before treatment (Gonzalez-Peralta 
RP, Langham MR, Andres JM et al. J Pediatr 
Gastroenterol Nutr 48:630–635, 2009).

So far, all treatment modalities have first 
been tried in adults and thereafter in children. 
This is true for interferon (IFN) monotherapy, 
combination therapy with IFN (conventional 
or pegylated (PEG)) and ribavirin (RBV), as 
well as for the recently available IFN-free 
combinations of direct-acting antiviral (DAA) 
agents without or with RBV.  For each new 
treatment modality, improved SVR rates have 
been reported, and results for children have 
often been slightly better than for adults. This 
might be attributed to shorter duration of 
infection, lower viral loads, and relatively 
fewer concomitant diseases in children.

12.1  Interferon-Based Therapies

Small, non-randomized studies from the 1990s 
indicated moderate success for treatment with 
IFN monotherapy in infected children. In an 
analysis of published trials and abstracts, SVR 
was 27% for genotype 1 and 70% for all other 
genotypes combined [1]. For comparison 5% of 
untreated controls cleared the virus 
spontaneously.
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The addition of RBV and the subsequent 
change from conventional to PEG-IFN resulted 
in improved SVR rates. The three largest pediat-
ric multicenter studies with this combination 
treatment with PEG-IFN and RBV are depicted 
in Table  12.1 [2–4]. In essence, the SVR rates 
were increased to 50–55% for genotype 1 and 
80–90% for non-genotype 1  in these studies 
(Table  12.1). However, the rate of side effects 
was high. This included symptomatic side effects, 
such as flu-like symptoms, fatigue, loss of appe-
tite, and depression, but also laboratory 
 abnormalities, particularly related to bone mar-
row depression. The latter necessitated dose 
reduction in a considerable portion of patients. 
While these negative effects were reversible 
when treatment was stopped, this was not the 
case for the 5–10% of patients who developed 
thyroid abnormalities, most often hypothyroid-
ism, during treatment. A majority of this sub-
group were reported to be on daily thyroid 
hormone treatment and also after cessation of 
antiviral treatment.

Another concern was the effect on height dur-
ing and after treatment. Growth velocity was 
clearly decreased during the actual treatment, and 
this was more evident in patients treated for 
12 months than in those treated for 6 months [2]. 
A certain catch-up in growth was suggested after 
treatment cessation. Thus, in the study of 107 
patients treated with PEG-IFN alfa-2b (60  μg/
m2/week) in combination with RBV (15 mg/kg/

day), the growth velocity was doubled during the 
follow-up period (5.73 ± 4.1 cm/year) compared 
to the low level during the treatment period 
(2.47 ± 2.22 cm/year) [2]. Still, at the end of the 
follow-up period of 24 weeks, the mean height 
percentile (44.3) remained slightly below the 
median and also below the mean baseline height 
percentile (50.9). Recently, long-term follow-up 
(median 5.5  years) data from this study were 
published [5]. Among patients treated for 
24  weeks, full recovery of height z-scores to 
baseline was observed by 1  year of follow-up, 
whereas only partial recovery was observed dur-
ing 5  years of follow-up in patients treated for 
48 weeks. In fact, 12 of 30 (40%) girls and 7 of 
18 (39%) boys who received 48 weeks of treat-
ment had a >  15 percentile-point decrease in 
height from baseline to the end of follow-up.

One of the two multicenter studies combining 
RBV with PEG-IFN alfa-2a instead of PEG-IFN 
alfa-2b in 65 patients suggested no difference in 
z-score for height at baseline compared to end of 
treatment, but no long-term follow-up data have 
been published from this study [3]. For compari-
son, in the other multicenter study with this com-
bination, subnormal z-scores for height both at 
end of treatment and 2-year follow-up were noted 
in a large proportion of patients [6].

In summary, despite possible differences 
between combinations using PEG-IFN alfa-2a or 
IFN alfa-2b, decreased growth velocity during 
treatment should be expected, and lack of normal-

Table 12.1 Results from pediatric studies with combination therapy consisting of pegylated interferon and ribavirin

Patient number and 
ages (reference) Treatment type and doses

SVR 
genotype 1 
(%)

SVR 
non-genotype 
1 (%) Side effects

n = 107, 
3–17 years (ref. 
[2])

PEG-IFN alfa-2b (60 μg/m2/
week) + RBV (15 mg/kg/day)a

53 93 1% discontinuation 
5% thyroid problem

n = 65, 
6–17 years (ref. 
[3])

PEG-IFN alfa-2a (100 μg/m2, 
maximum 180 μg) + RBV 15 mg/kg/
dayb

57 89 3% discontinuation 
11% thyroid problem

n = 55c, 
5–17 years (ref. 
[4])

PEG-IFN alfa-2a 
(180 μg/1.73 m2) + RBV (15 mg/kg/
day)

47 80 7% discontinuation 
4% thyroid problem

a24 weeks for genotype (gt) 2 and 3 patients with low viral load (<600,000 IU/ml) and 48 weeks for gt1, gt4, and gt3 
with high viral load
b24 weeks for gt 2 and 3, 48 weeks for gt 1,4,5,6
cPatients were randomized to receive PEG-INF in combination with placebo or with RBV. Only the latter group is 
described here
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ization of z-scores for height can be anticipated in 
a proportion of patients treated for 48 weeks.

12.2  First-Generation Protease 
Inhibitors

The suboptimal results of “standard of care” 
(SOC) combination treatment with PEG-IFN and 
ribavirin for genotype 1 patients spurred the 
development of new drugs directed against 
HCV. The first improvement came with the addi-
tion of either one of the two protease inhibitors 
boceprevir and telaprevir to SOC treatment, 
which resulted in improvements in SVR from 
below 50% for genotype 1 to around 70% in 
adults [7, 8]. However, new side effects were 
added to those already seen for SOC, and 
although pediatric studies were initiated, they 
were never fulfilled and so far have not resulted 
in any publications [9, 10].

In a single case report of an adolescent who 
had been liver transplanted for hepatitis C-related 
hepatocellular carcinoma, successful treatment 
with PEG-IFN, RBV, and boceprevir was 
described [11].

12.3  Treatment with Oral, 
Interferon-Free 
Combinations of Direct- 
Acting Antiviral Agents

Within a few years, it became evident that the 
development of newer direct-acting antivirals 
(DAA) would result in IFN-free combination 
treatments with further increase in SVR.  By 
2014, large adult studies showed remarkable 
improvements in the outcome for genotype 1 
patients, bringing SVR above 90%, both in 
treatment- naïve and treatment-experienced 
patients [12–14]. Furthermore, patients with 
compensated cirrhosis had equally good out-
come, and patients with decompensated cirrhosis 
could also be treated. Additionally, patients on 
the waiting list for liver transplantation could be 
treated to achieve SVR before transplantation 
and thereby avoid reinfection, and already liver- 

transplanted, reinfected patients could also be 
treated with very good results. Compared to SOC 
treatment, the DAA combinations had very mild 
side effects, mostly related to the concomitant 
use of ribavirin.

By early 2017, further development of new 
drugs has resulted in several possible combina-
tions for adults and reduced the need to add riba-
virin (Table  12.2). The duration of treatment is 
commonly 12  weeks, but a proportion of geno-
type 1 patients need only 8 weeks. Furthermore, 
very effective interferon-free combinations are 
now available for all genotypes [15, 16]. 
Guidelines for adult chronic HCV infection today 
recommend such treatment for all patients, with 
the priority of those with moderate to severe fibro-
sis and/or patients in transplant settings or with 
other immunosuppressive treatments [17–19].

It has been suggested that treatment in children 
should be deferred until results of pediatric con-
trolled studies on interferon-free DAA combina-
tions are available [5]. However, for high- risk 
patients such delay may not be feasible or advis-
able. Thus, off-label use of the new DAA combina-
tions has been described in some pediatric case 
reports (Table  12.3). Notably, very sick children 
and adolescents have been successfully treated, the 
youngest being only 1  year of age [20–23]. 
Adolescents were given adult doses, while smaller 
children received 25 or 50% of adult doses. In one 
of these reports, we described a stem cell-trans-
planted teenager with a complicated history who 
was successfully treated with sofosbuvir and 
simeprevir for 12  weeks but experienced severe 
peripheral edema clearly connected to the treat-
ment [21]. It was suggested that drug interaction 
between simeprevir and nifedipine within the cyto-
chrome P450 system could have precipitated this 
side effect. We have since then treated three other 
children (one after liver transplantation, one in 
conjunction with treatment for Ewing’s sarcoma, 
and one with advanced fibrosis), aged 9–17 years 
with the fixed combination of sofosbuvir and ledi-
pasvir (HarvoniR) in adult doses for 12 weeks. All 
three had SVR and no side effects (unpublished 
observation Psaros Einberg A, Fischler B).

Very recently the results of a controlled study 
on the use of HarvoniR for 12 weeks with adult 
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doses for HCV-infected patients with genotype 1 
aged 12–17 years were published [24]. This fixed 
combination resulted in SVR at 12 weeks after 
cessation in an impressive 98 out of 100 patients 
(98%), including 1 with cirrhosis. The two with-
out SVR were lost to follow-up. The three most 
commonly reported adverse events were head-
ache (27% of patients), diarrhea (14%), and 
fatigue (13%). No severe adverse events were 
reported. Further studies, including pharmacoki-
netic investigations with this and other combina-
tions, in younger children are ongoing [25, 26].

12.4  Summary

For the near future, it is suggested that all pediat-
ric patients with chronic HCV infection where 
spontaneous recovery is unlikely should be con-

sidered for treatment with interferon-free combi-
nations at some point before adulthood. With the 
strong data from adult studies as well as the 
abovementioned published study on the use of 
fixed combination sofosbuvir and ledipasvir for 
adolescents, this treatment can be readily used 
for not only genotype 1 but also for genotype 4 
for patients 12  years or older [17–19, 24]. For 
pediatric patients with genotypes 2 and 3, there 
are available combinations with high efficacy and 
low toxicity proven in adults (Table 12.1) which 
could be considered at least for adolescents in 
need of prompt treatment [16]. For patients below 
12 years of age with urgent need of treatment, the 
use of reduced doses as described in Table 12.3 
could be suggested [20, 23]. Finally, the use of 
interferon-based regimens for pediatric patients 
with chronic HCV infection should be 
discouraged.

Table 12.2 Direct-acting antiviral drugs currently licensed for adults

Substance class Substance Drug name Genotype
NS5B polymerase inhibitor 
(nucleotide analogue)

Sofosbuvir Sovaldi All genotypes, but Harvoni not for 
genotypes 2 and 3Harvonia

Epclusab

NS5B polymerase inhibitor 
(non- nucleotide analogue)

Dasabuvir Exviera Combination with Viekirax for genotype 1

NS/4A protease inhibitor Simeprevir Olysio 1 and 4
Paritaprevir Viekirax 1 and 4c

Grazoprevir Zepatier 1 and 4d

NS5A inhibitor Daklatasvir Daklinza 1, 3, and 4
Ledipasvir Harvonia 1, 4, 5, and 6
Ombitasvir Viekiraxc 1 and 4
Elbasvir Zepatierd 1and 4
Velpatasvir Epclusab All genotypes

aHarvoni: Fixed combination of sofosbuvir and ledipasvir
bEpclusa: Fixed combination of sofosbuvir and velpatasvir
cViekirax: Fixed combination of ombitasvir, paritaprevir, and ritonavir (ritonavir inhibits CYP3A resulting in an 
increased systemic exposure to paritaprevir)
dZepatier: Fixed combination of grazoprevir and elbasvir
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Hepatitis D
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Abstract
Hepatitis D virus (HDV), or delta virus, is a 
single-stranded circular RNA virus that is 
dependent on hepatitis B virus (HBV) surface 
antigen (HBsAg) for transmission. It is highly 
pathogenic with a high incidence of progres-
sion to cirrhosis and other long-term complica-
tions including death. It affects 15–20 million 
people worldwide despite universal HBV vac-
cination and due to lack of testing and under-
recognition. The standard therapy for treatment 
is suboptimal in adults, and there are no cur-
rently approved treatment modalities for chil-
dren. Novel research-based therapies including 
prenylation inhibitors, viral entry inhibitors, 
and nucleic acid inhibitors have potential to 
reduce disease morbidity and mortality.

13.1  Introduction/Historical 
Context

Hepatitis D virus (HDV), or delta virus, is a 
single- stranded circular RNA virus that is depen-
dent on hepatitis B virus (HBV) surface antigen 

(HBsAg) for transmission [1]. It is also the small-
est known virus to infect humans. Despite this, it 
remains highly pathogenic with a high incidence 
of long-term complications and sequelae, most 
importantly evolution to cirrhosis [2]. As its prev-
alence in the United States remains relatively 
low, HDV continues to raise therapeutic perplexi-
ties given the lack of recognition and testing 
which often leads to a delay in treatment initia-
tion. HDV in children is even more of a challenge 
as there have been few studies/trials to date on 
the efficacy of current therapies in the pediatric 
population. Our goals in this chapter will be to 
review the diagnosis and prevention of significant 
disease in children, discuss the newly developing 
therapies for HDV, and examine some future 
directions for pediatric HDV.

The “incidental” discovery of HDV was made 
by an Italian physician Dr. Mario Rizzetto in 
1977. While he was examining liver biopsies of 
HBsAg-positive patients, Dr. Rizzetto found a 
unique antigen that was distinct from surface or 
core antigens [1]. Specifically, under electron 
microscopy, this new antigen was found exclu-
sively in the hepatic nuclei of the liver biopsies 
from HBsAg-positive patients who strangely 
lacked any ultrastructural evidence of HB core 
particles. This novel antigen was consistently 
absent in patients with HBsAg seronegativity, 
with inactive chronic carriers, and with acute 
self-limiting hepatitis or those who were asymp-
tomatic. Further, it was most prevalent in patients 
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who were immunosuppressed (i.e., receiving 
medications such as steroids or azathioprine) 
and/or had a more disrupted histological liver 
architecture. This prompted the consideration of 
what is now known as HDV as a virus dependent 
on HBsAg and specifically more common in 
patients with chronic persistent hepatitis or inac-
tive cirrhosis [1]. At that time, Rizzetto described 
the “nature of the new antigen [as] obscure” and 
although there have been some advances; this 
statement still rings true today, particularly in the 
pediatric population.

13.2  Epidemiology

Since its discovery in the late 1970s, it has been 
well established that the highest prevalence of 
HDV is in regions of lower socioeconomic status 
in countries on the continents of Africa and South 
America, Turkey, Italy, and Russia (Fig.  13.1) 
[2]. In the first decade after its reporting (1980s), 
there was a worldwide prevalence of chronic 
HDV in 15–20 million individuals (equates to 
roughly 5% of the estimated 350 million chronic 

HBV carriers). Although the prevalence of 
chronic HBV infection is high in Southeast Asia 
(specifically China), the previously reported rate 
of HDV is low ~0.8–1.2% [small-scale study of 
only ~1500 patients] [3]. The true prevalence is 
actually unknown and even underestimated as it 
is confounded by limited testing for HDV in 
China and lack of large-scale studies. The lack of 
testing appears to have stemmed from a mis-
guided belief that HDV was unlikely to be rele-
vant [4]. In a retrospective study of nearly 11,000 
patients who were HBsAg positive for 6 months 
in Guangdong, China, 30% did not undergo test-
ing for HDV [4]. Of the remaining 8151 
treatment- naïve patients who were screened with 
anti-HDV IgM, the reported prevalence rate was 
6.5% (nearly 6x the prevalence rate of the previ-
ous study). Further large-scale studies are 
 necessary to evaluate the true prevalence of HDV 
infection in China and Southeast Asia.

In the United States, the reported prevalence 
of HDV greatly varies based on risk factors, rang-
ing from 3.8% of blood donors, 15% of those 
who are HIV coinfected, 30% of developmen-
tally disabled individuals with chronic HBV, and 

Fig. 13.1 Global epidemiology of HDV infection 
according to viral genotype. HDV genotype 1 is the most 
frequent genotype and is distributed throughout the world, 
especially in Europe, the Middle East, North America, 
and North Africa. By contrast, HDV genotype 2 is 
observed in the Far East, and HDV genotype 3 is seen 

exclusively in the northern part of South America. 
Abbreviation: HDV hepatitis D virus. (Reproduced with 
permission from Ref. [5])
Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional 
affiliations
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67% of injection drug users [5, 6]. While hepati-
tis B vaccine was licensed for use in the United 
States in 1982, use of the HBV vaccine initially 
had little impact on HBV incidence, which actu-
ally increased in the early 1980s. In June 1982, 
the Advisory Committee on Immunization 
Practices (ACIP) made initial vaccination recom-
mendations only for high-risk groups (i.e., men 
who have sex with men, injection drug users, and 
heterosexual individuals with multiple partners). 
Unfortunately, there were low vaccination rates 
in these groups for multiple reasons, including 
affordability and both patient and provider 
naiveté in identifying high-risk behavior [7]. 
However, in the late 1980s, there was a discrete 
reduction in the United States when fewer cases 
were reported specifically among the aforemen-
tioned high-risk groups. In these groups, the 
decline in incidence was likely related to behav-
ioral changes including use of disposable nee-
dles, a successful campaign for protection against 
sexually transmitted diseases, and improved 
safety procedures against blood-borne illnesses 
[6]. This was partially in response to the very 
public epidemic of acquired immunodeficiency 
syndrome (AIDS) rather than vaccine use. By the 
1990s, what followed were anecdotal reports of 
decreased prevalence of HDV infection [8], most 
likely due to the widespread use of HBV vaccine 
in response to regulations issued by the 
Occupational Safety and Health Administration 
(OSHA). However this is limited by little to no 
epidemiologic studies of HDV prevalence in the 
United States as there have not been validated 
Centers for Disease Control and Prevention 
(CDC) or World Health Organization (WHO) 
reports to substantiate. The implementation of 
routine screening of HBsAg in pregnant mothers 
in 1988, routine infant and childhood catch-up 
HBV vaccination in 1991, and CDC recommen-
dations for adolescent HBV vaccination in 1997 
[9] further amplified the reduction of HBV infec-
tion and inherently HDV as well. This subse-
quently led to a decrease in evaluation and 
vigilance for the presence of HDV and promoted 
a false sense of security that the virus was near 
eradication [10].

13.3  Viral Characteristics

The HDV virion contains the smallest genetic 
material of any animal virus, 1.7 kilobase (kb) 
pairs compared to 3.2 kb and 9.6 kb in HBV and 
HCV, respectively. However, it is still considered 
a large particle (36 nanometers) [9–11] and is 
comprised of HDV antigen (HDAg) and HDV 
RNA.  Currently, there are two known types of 
HDV antigens—small and large. The function of 
the small HDAg (S-HDAg) “promotes” HDV 
RNA synthesis, while in contrast, the large HDAg 
(L-HDAg) “inhibits” HDV RNA synthesis but 
remains essential for the assembly of new viral 
particles [10]. S-HDAg and L-HDAg have differ-
ent posttranslational modification processes. 
S-HDAg undergoes phosphorylation at both the 
serine and threonine residues, while L-HDAg 
only undergoes phosphorylation at the serine 
residue. Hong and Chen found that phosphoryla-
tion at serine −177 on S-HDAg is critical for its 
interaction with RNA polymerase and the promo-
tion of RNA synthesis [12]. Meanwhile, L-HDAg 
undergoes isoprenylation (addition of a hydro-
phobic isoprenoid group to a protein to facilitate 
attachment to cell membranes) which results in 
farnesylation (a process by which a cysteine resi-
due in the C-terminal region of a protein is post-
translationally modified with an isoprenoid lipid, 
resulting in increased affinity of the protein for 
the membrane) of cysteine-211. This modifica-
tion inhibits replication but importantly facili-
tates assembly by directly enforcing binding 
between L-HDAg and HBV exterior proteins 
[13]. The sodium taurocholate cotransporting 
polypeptide (NCTP) receptor is the first door of 
entry for HDV into the hepatocyte. HDV (envel-
oped by HBV) acts as a ligand to the NCTP 
receptor and endocytosis occurs. HDV itself does 
not have its own enzymes (i.e., polymerases or 
proteases) that aid in viral replication, and there-
fore it relies solely on host polymerases.

There are at least eight genotypes of HDV (no 
known subtypes), and they have a geographic- 
specific predilection (Fig.  13.1). Genotype 1 is 
the most prevalent worldwide and also the most 
common HDV genotype found in the United 
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States. It is also the most highly pathogenic. In a 
prospective Taiwanese study, those with HDV 
genotype 1 superinfection had a lower biochemi-
cal remission rate and increased negative out-
comes including higher rate of progression to 
cirrhosis, development of hepatocellular carci-
noma, and increased mortality [10]. Genotype 2 
is seen more commonly in Southeast Asia, 
whereas genotype 3 is exclusively reported in the 
northern aspect of South America [14]. The 
remaining genotypes, 4–8, are primarily found in 
patients living in Africa.

13.4  Pathogenesis

There are two forms of interaction between HBV 
and HDV—coinfection and superinfection. It is 
critical to distinguish between these two as both 
the management and prognosis differ 
significantly.

Coinfection signifies an acute HBV infection 
and an acute HDV infection that occur 
 simultaneously (Fig.  13.2). Appearance of both 
serum HBsAg and HDAg is accompanied by a 
rise in alanine aminotransferase (ALT) followed 

Fig. 13.2 Typical serological course of HBV-HDV coin-
fection (top) and HBV-HDV superinfection (bottom). ALT 
alanine transaminase, anti-HDV HDV antibody, HBc hep-
atitis B core antibody, HBsAg hepatitis B virus surface 

antigen, HBV hepatitis B virus, HDV hepatitis D virus, 
HDAg hepatitis delta antigen, IgM immunoglobulin M. 
(Reproduced with permission from Ref. [14])
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by HDV viremia. There is classically a double 
peak in ALT rise, initially due to HBV replication 
and secondarily triggered by HDV replication 
[6]. Anti-HDV IgM (marker of disease activity) 
quickly appears. Detection of anti-HDV IgM is 
often short-lived, and subsequent seroconversion 
to anti-HDV IgG occurs over time and remains 
positive in serum long after the acute infection 
has cleared [15]. HBV infection is detected with 
anti-HBc IgM and HBV viremia [6]. In late 
stages of coinfection, HBV replication is sup-
pressed (in contrast to HBV monoinfection); 
however significant liver disease (compensated 
cirrhosis, chronic active liver disease) may still 
progress. This suggests that HDV is actively 
involved in the advancement of liver disease [15]. 
In adults, HBV/HDV coinfection generally has a 
benign, self-limited course though it rarely can 
be associated with a severe acute hepatitis lead-
ing to fulminant hepatitis [15]. About 20% of 
patients with coinfection have progression to cir-
rhosis [16]. It is important to note that HBV/
HDV coinfection presents similarly to acute 
HBV infection and a high index of suspicion is 
necessary to make an accurate diagnosis.

In contrast, superinfection occurs in patients 
with established chronic HBV who subsequently 
become infected with HDV. Superinfection is the 
more common avenue of acquiring HDV. Similar 
to coinfection, serologies from superinfected 
patients also demonstrate anti-HDV IgM but 
have anti-HBc IgG only, not IgM [8] (Fig. 13.2). 
Unfortunately, there are no differentiating risk 
factors between superinfection and coinfection. 
In a 12-year case-control Italian study conducted 
by Mele et al., independent risk factors for HDV 
infection were elucidated. A total of 344 patients 
were diagnosed with acute HDV infection with 
the majority being coinfection (63%) despite uni-
versal HBV vaccination [17]. Independent risk 
factors including intravenous drug use, hospital-
ization, receipt of beauty treatments (i.e., tattoo-
ing, piercings, manicures, and barber shop 
shavings), dental therapy, two or more sexual 
partners in the past year, and cohabitation with an 
intravenous drug user were shown to have odds 
ratios greater than 1 [compared to HAV controls] 
[17]. There was no significant association with 

gender or age. In a study evaluating HIV-/HBV- 
coinfected patients in Iran, differing risk factors 
were identified. Of the 178 HIV-/HBV-coinfected 
patients, 19% were found to be HDV Ab positive. 
Prior history of blood transfusion and prison his-
tory represented the most significant risk factors 
in this group. There was no association with 
unsafe sexual practice, injection drug abuse, age, 
or marital status. These two studies illustrate that 
risk factors can be geographically and population 
dependent and that additional studies need to be 
conducted in order to assess risk factors by 
region/country [18].

There is limited understanding about the exact 
pathogenesis of HBV/HDV infection, let alone 
the histologic and immunologic differences 
between superinfection and coinfection. 
Although HDV was initially thought to be 
directly toxic to hepatocytes based on in  vitro 
[19] and human studies [20], it is now known that 
majority of the damage from HDV is secondary 
to cytotoxic T lymphocytes [21]. Theories regard-
ing the much more severe course of superinfec-
tion as compared to coinfection are postulated to 
have a correlation with the host immune system. 
In superinfection, an immunotolerant host or 
HBV carrier may not functionally be able to rec-
ognize or clear their infection, whereas in HDV 
coinfection, a theoretically normal host with pre-
served immunologic function can successfully 
clear the virus [22]. Another theory is the pres-
ence of perforin-positive CD4 T cells implicated 
to play a role in the severity of HIV-infected 
patients. CD4 T cells are vital to the immune 
response and integral in stimulating antigen- pre-
senting cells (APC) and cytokine release. Recent 
studies have shown there are increased numbers 
of perforin-positive CD4 T cells in patients with 
HDV compared with HBV or HCV alone [23]. It 
is clear that further studies regarding the immu-
nology (both innate and adaptive immune sys-
tems) of HDV are highly necessary to further 
elucidate this topic.

Fulminant liver failure, often with massive 
necrosis, occurs in 5% of superinfected 
 individuals compared to only ~1% of coinfected 
patients [13]. Superinfection also leads to chronic 
HDV infection at a significantly high rate. In fact, 
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90% of patients with HBV/HDV superinfection 
result in chronic HDV, and unfortunately, 70% 
proceed to cirrhosis within 5–10 years of diagno-
sis [24] and experience earlier decompensation, 
hepatocellular carcinoma (HCC), and a lower 
5-year survival rate [14, 25, 26]. In a natural his-
tory study of compensated cirrhosis secondary to 
HDV superinfection in 166 Romanian patients 
[27], the median time to first decompensation 
(ascites, jaundice, portal hypertension, gastroin-
testinal bleeding, HCC, etc.) after diagnosis of 
compensated cirrhosis was less than 2  years 
(21  ±  19  months). Further, the median survival 
was less than 5  years (58.3  months). A multi-
center European study similarly inquired about 
the morbidity and mortality of HDV in compen-
sated cirrhosis. In this study, there was a three-
fold increase in HCC and a twofold increase in 
mortality relative to cirrhotics that were HDV 
negative [28]. In a multicenter Italian natural his-
tory study, the estimated liver transplant-free sur-
vival rate was 49% at 5 years and 40% at 10 years 
for patients with HBV/HDV-related cirrhosis 
(p  <  0.01) [29]. These examples illustrate the 
aggressive nature of HDV infection with regard 
to decompensation, morbidity, and mortality. 
With regard to HCC risk, Abbas et al. identified 
features such as decreased liver size, more severe 
portal hypertension, and earlier TNM classifica-
tion (global system for classifying the extent of 
spread of cancer) were more common with HDV 
infection-associated cirrhosis compared to HBV 
alone. This may suggest independent risk factors 
for HCC with HDV infection compared to HBV 
monoinfection [30].

13.5  Diagnosis, Screening, 
and Prevention

13.5.1  Diagnosis

It is strongly recommended that all adult patients 
with chronic HBV undergo routine screening for 
HDV given its propensity to be very aggressive 
[14]. Common risk factors for HDV in adults 
include intravenous drug use or shared needles, 
living in an endemic area, men who have sex with 

men, and patients that undergo hemodialysis [8]. 
These risk factors, notably IV exposure, have 
implications in HDV among children and 
 adolescents. In Pakistani children, frequent use 
of intravenous drips for therapeutic purposes at 
hospitals was observed more in the HDV group 
than HBV monoinfected [31]. There is limited 
literature on perinatal or vertical HDV transmis-
sion. A study of 185 Saudi pregnant women who 
were HBsAg carriers found that 9.7% were also 
anti-HDV positive. However, follow-up of 17 
infants born to anti-HDV-positive mothers 
revealed that none developed HDV infection 
[32]. This suggests that vertical transmission is 
relatively uncommon, which is important to note 
in the pediatric population.

Similar to other hepatitides, the diagnosis of 
HDV is made serologically with the presence of 
HDV antigen and anti-HDV antibodies in combi-
nation with HBV serologies +/− HDV RNA 
quantitative PCR [25] (Table  13.1). Within 
2  months following HDV infection, >90% of 
patients will develop HDV antibodies [14]. In the 
United States, antibody (anti-HDV IgM and IgG) 
and HDV RNA qualitative PCR testing are the 
major diagnostic tests, although HDV RNA 
quantitative PCR testing has recently become 
available (ARUP Laboratories, FDA approval not 
required), though not as mainstream as in Europe. 
Specimens can also be sent to the Centers for 
Disease Control and Prevention if there is a high 
suspicion for HDV [14].

Recently a one-step real-time PCR for HDV 
RNA for all eight genotypes was developed [33]. 
This advancement may be most helpful for dis-
ease monitoring with treatment because serum 
viral load does not appear to correlate to disease 
activity or severity [34]. In addition, given vari-
ability of the genome sequence, the HDV RNA 
PCR may be negative if inadequate primers are 
used [14]. Therefore HDV IgM should always be 
tested in patients with chronic HBV even if the 
HDV viral load is negative. Genotyping is not 
widely available, but considering there are prog-
nostic implications depending on genotype, this 
may be a future consideration for routine testing.

After HDV infection is confirmed in adults, 
liver biopsy is routinely recommended to assess 
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for degree of inflammation and fibrosis. As previ-
ously mentioned, this recommendation stems 
from literature illustrating that HDV- infected 
patients progress to cirrhosis more rapidly [35]. 
There are no current pediatric series to offer rec-
ommendations for liver biopsy timing. In a pedi-
atric patient with known HBV/HDV infection 
with a persistently elevated ALT>100  U/L for 
6  months and with low HBV DNA (<2000  IU/ 
mL  =  inactive chronic carrier), strong consider-
ation for liver biopsy should be made to guide 
clinical management (i.e., aggressive HBV ther-
apy, primary HDV treatment, or liver transplant).

13.5.2  Screening for Other Diseases

Routine screening for hepatitis C virus (HCV) 
and human immunodeficiency virus (HIV) is rec-
ommended because of the parallel routes of 

transmission (i.e., intravenous drug use and high- 
risk sexual activity). Interestingly, this also paral-
lels the geographic risk of transmission. A study 
in Central Europe showed that approximately 
one-third of the HDV-infected patients tested 
positively for HCV [36]. In studies in Spain, 5% 
of HIV-infected patients had multiple hepatitides 
with hepatitis B, C, and D being the most com-
mon, respectively, in that order [37]. In addition, 
HIV is an independent risk factor for liver disease 
for a variety of reasons. As discussed by 
Castellares et al. in a large cohort of >2000 HIV+ 
patients, there is a higher incidence of liver fibro-
sis as measured by transient elastometry 
(Fibroscan®). Potential etiologies of liver fibro-
sis other than caused by hepatitides included 
antiretroviral therapy toxicity and higher inci-
dence of alcohol abuse in patients with chronic 
hepatitis [38]. It has been proposed that the mito-
chondrial toxicity of nucleoside analogue and 

Table 13.1 Interpretation of HepB and HepD serologic and nucleic acid testing

HBV
HBsAg Presence indicates that an individual has HBV infection and is infectious. Loss suggests cure of 

HBV
Anti- HBc, total Presence indicates past or present HBV infection
Anti- HBc, IgM Presence usually indicates HBV infection within the preceding 4–6 months (acute infection)
HBeAg Presence indicates active viral replication and high infectivity. Absence may indicate prior or 

pending seroconversion. However loss of HBeAg in the setting of detectable virus indicates a 
mutation in the precore or core promotor regions

Anti- HBe Presence indicates resolving infection (seroconversion) or response to therapy
Anti- HBs Presence indicates recovery and immunity against HBV infection or history of immunization
HBV DNA Presence indicates HBV infection
HDV
Anti-HDV, total Presence coincident with HBsAg indicates past or present HBV/HDV coinfection (eventual 

loss) or superinfection (persistence)
Anti-HDV IgM Presence coincident with HBsAg indicates past or present HBV/HDV coinfection or 

superinfection. Negative amidst anti-HDV total indicates resolved infection
HDV RNA Presence indicates active infection
Hepatitis virus Anti-HAV IgM HBsAg HBV 

DNA
Anti- 
HBc 
IgM

Anti- 
HBc 
total

Total 
HCV 
ab

HCV 
RNA

Anti- 
HDV 
total

HDV 
RNA

Acute HBV − + + + − − − − −
Acute HBV with 
HDV coinfection

− + + + − − − + +

Acute HBV with 
HDV 
superinfection

− + + − − − − + +

Reproduced with permission from Ref. [14]
HAV hepatitis A virus, HBc hepatitis B core, anti-HBc hepatitis B core antibody, anti-HBe hepatitis B e antibody, anti- 
HBs hepatitis B surface antibody, HBsAg hepatitis B virus surface antigen, HBV hepatitis B virus, HCV hepatitis C 
virus, HDV hepatitis D virus, IgM immunoglobulin M (Adapted from Leung et al. 2015).
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glucose or lipid abnormalities associated with 
protease inhibitors may produce and/or enhance 
fibrosis [38].

An association with autoimmunity has been 
described with chronic HDV.  In particular, an 
elevation of LKM-3 autoantibodies (liver/kidney/
muscle 3), a marker suggestive of autoimmune 
hepatitis (AIH), has been shown. In an Italian 
study, 13% of patients with chronic HDV were 
positive for LKM-3 autoantibodies, whereas 
there was no evidence of autoantibodies in HBV- 
monoinfected patients [39]. This suggests that 
HDV itself may be antigenic creating an antibody 
response. It is difficult to assess whether this anti-
body response is secondary to autoimmunity or a 
response to viral infection. Of note, the majority 
of patients in this multicenter study were male, 
arguing against autoimmunity given that AIH 
usually have a female predominance. In a subse-
quent study by Strassburg et al., a difference in 
LKM-3 titers was found in German patients with 
chronic HDV and AIH.  Patients with AIH had 
higher titers than patients with chronic HDV 
[40]. A Grecian study aimed to study the charac-
teristics with concomitant viral hepatitis (HBV, 
HBV/HBD, or HCV) and autoimmune hepatitis. 
The diagnosis of autoimmune hepatitis was based 
on the 2008 criteria of the International 
Autoimmune Hepatitis Group (IAIHG) [41]. 
Their conclusions were that combined viral hepa-
titis and autoimmune disease were difficult to 
recognize (similar clinical features and histol-
ogy) and treatment modalities were confounding. 
Patients with viral hepatitis were often treated 
with interferon which could induce autoimmune 
hepatitis, and those with autoimmune hepatitis 
were often treated with immunosuppression 
which could enhance viral replication in patients 
with viral hepatitis [42]. Further studies need to 
be implemented to determine clinical signifi-
cance and whether disease severity is intensified 
in patients with a potential HDV/AIH overlap 
syndrome or if therapies including azathioprine, 
mycophenolate, or steroids are beneficial.

13.5.3  Prevention

Vaccination against hepatitis B is an effective way 
to prevent hepatitis D infection as hepatitis B sur-
face antigen represents the critical component 
required for the entry of hepatitis D into hepato-
cytes. By virtue of its seroprotection against HBV, 
hepatitis B immunization can only prevent hepati-
tis D coinfection, but not superinfection. HDV 
superinfection requires a host with established 
chronic HBV infection, so vaccination against 
HBV would be futile. In the last decade, there 
have been numerous yet unsuccessful attempts to 
develop a much needed hepatitis D vaccine. The 
woodchuck has been used a model for testing as it 
can be chronically infected with woodchuck hep-
atitis virus (WHV) and then superinfected with 
HDV.  The clinical course is similar to patients 
with HBV/HDV superinfection. The specific 
HDV proteins, small [HDAg p24] and large 
[HDAg p27], have been investigated to develop a 
vaccine. In initial studies, there was an antibody 
response but yet no protection from superinfec-
tion [43]. This is largely due to the inability to 
develop a specific and sustained CD8 T cell 
response to HDV [44]. New strategies for vaccine 
development must be proposed and tested.

13.6  Treatment

Treatment, specifically eradication of HDV, has 
proven to be challenging over the years. The pri-
mary outcome of treatment is complete suppres-
sion of HDV RNA replication. This clinical 
remission is generally associated with normaliza-
tion of aminotransferases and histologic recovery 
[45]. Ideally, eradication of hepatitis B with anti-
viral therapies directed at this virus would elimi-
nate hepatitis D. However, eradication of hepatitis 
B from the reservoir of HBV cccDNA (covalently 
closed circular DNA) has proven to be challeng-
ing and may also not resolve a superinfection. 
Directed hepatitis D therapies must be explored.
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Standard of care in the 1980s and 1990s was 
recombinant or natural interferon-alpha (IFNα) 
given thrice weekly for 48  weeks. The mecha-
nism of action of IFN is unclear although it is 
theorized that it initiates an inhibitory effect on 
HBV and/or has immune system modulating 
effects [46]. These treatments ameliorated ele-
vated alanine aminotransferases (ALT) in less 
than half of cases (~20–50%), but unfortunately 
even these effects were generally transient [45]. 
In an Italian study, a cohort of 61 HDV patients 
that were randomized to either interferon-alpha 
treatment or no treatment for 12  months, there 
was histologic improvement in patients that 
received IFN with decreased portal inflammation 
(57% vs 36%) and declining ALT levels in the 
treatment group. However, relapse occurred in 
87.5% of patients after cessation of therapy [47].

Given these mediocre results, further studies 
were conducted to illuminate the possibility of 
improved outcomes with higher dosing and dura-
tion of therapy. In a small cohort of 36 patients, 
there was a suggestion that higher doses (i.e., 
nine million units vs three million) were benefi-
cial and resulted in improved long-term out-
comes, including long-term survival, ALT 
normalization (71% vs 29%), undetectable HDV 
(50% vs 21%), and improvement in hepatic fibro-
sis score [48, 49]. Unfortunately, nearly all 
patients with detectable HDV RNA rebounded 
after cessation of treatment.

13.6.1  Pegylated Interferon-Alpha

Currently, the first line of treatment against HDV 
is pegylated interferon (PEG-IFNα). Its use leads 
to undetectable serum HDV RNA in only 25–40% 
of cases after 48  weeks of treatment [50]. 
Standard IFN has a relatively short half-life 
(4–5  h) which requires thrice weekly dosing. 
Pegylation is a modification process that cova-
lently conjugates polyethylene glycol (PEG), a 
non-immunogenic polymer, to a specific mole-
cule (i.e., drug, protein, etc.). This process 
changes the innate properties of the molecule 
resulting in improved drug solubility and 
decreased immunogenicity [51]. There are two 

forms of PEG-IFNα, 2a and 2b. Although in vitro 
studies revealed greater potency of 2b compared 
to 2a, in vivo studies show no difference in activ-
ity [51].

PEG-IFNα is now the preferred treatment in 
comparison to natural IFNα because of a longer 
half-life, which allows for weekly dosing. The 
standard of care for chronic HDV treatment in 
adults is subcutaneous PEG-IFNα weekly at a 
dose of 1.5 MU/kg. As with previous studies 
using natural IFNα, there is also suggestion that 
longer PEG-IFNα therapy may be superior. In a 
study conducted by Niro et  al. using PEG- 
IFNα-2b in a small cohort of 38 patients, longer 
courses of treatment (72 weeks) resulted in sus-
tained HDV negativity in 20% of patients with 
chronic HDV [52]. In addition, there was a study 
arm that concomitantly used ribavirin with no 
effected on sustained viral response.

PEG-IFNα therapy is not currently FDA 
approved for use in children. Data for length of 
therapy and efficacy are lacking in pediatric 
cases. In addition there is no consensus recom-
mendation for indications for HDV treatment, 
dosing or timing of treatment. Our center’s cur-
rent practice is finite treatment for 48 weeks [14]. 
Through literature review and site-specific indi-
cations, we recommend treatment if there is sig-
nificant fibrosis on liver biopsy (≥F2 Metavir) or 
notable portal inflammation accompanied with 
liver transaminases >250 U/L despite successful 
suppression of HBV viral load. Although there 
are not targeted studies, in our opinion, patients 
with persistent HDV RNA serum positivity, ele-
vated ALT, and anti-HDV IgM are unlikely to 
respond to further treatment up to 72  weeks or 
will relapse following cessation of treatment.

13.6.2  HBV Polymerase Inhibitors

Hepatitis B polymerase inhibitors, or nucleos(t)
ide analogs (NA), such as adefovir, lamivudine, 
tenofovir, and entecavir target HBV replication. 
However, for long-term consideration, tenofovir 
and entecavir have the lowest resistance rates at 
0% and 1.6% [53, 54]. In patients infected with 
HDV in conjunction with advanced liver disease, 
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NA are often used to suppress HBV replication 
[55]. Given their inability to completely eradicate 
HBV, it is not surprising that have no significant 
impact on HDV RNA although they may have 
theoretical benefit. In the Hep-Net International 
Delta Hepatitis Interventional Trial (HIDIT-1), 
90 adult HDV patients were randomized to 
receive either 180 mcg of PEG-IFNα2a weekly 
plus either 10 mg of adefovir or placebo daily or 
10 mg of adefovir dipivoxil alone for 48 weeks. 
Combination therapy had no advantages of 
reducing serum HBV DNA or HDV RNA [56]. 
One 2016 opinion paper by Wranke and 
Wedemeyer proposes that anti-HBV therapy be 
initiated if HBV DNA levels are persistently 
>2000 IU/ml [57] suggestive of either HBV reac-
tivation or immune clearance.

13.7  Novel Treatments/Future 
Therapies

New therapies for HDV eradication are on the 
horizon including drugs that work to directly 
inhibit the viral lifecycle. As described previ-
ously, the sodium taurocholate cotransporting 
polypeptide (NCTP) receptor is the first door of 
entry for HDV into the hepatocyte and is a thera-
peutic target. Host RNA polymerases replicate 
HDV RNA that subsequently encodes the large 
protein L-HDAg (large hepatitis D antigen). Viral 
assembly requires the critical interaction between 
L-HDAg and HBsAg [58]. In this step, there is 
lipid modification of the L-HDAg, which is 
required for particle formulation, and this step is 
known as prenylation. Prenylation involves a pre-
nyl lipid (farnesyl or geranyl) that is covalently 
bonded to a cysteine within a specific motif 
encoded within the carboxyl terminus [59]. 
Interestingly, L-HDAg directs the addition of 
farnesyl, which represents another site for viral 
disruption. Innovative therapies for HDV have 
been constructed to inhibit many of these critical 
steps in viral assembly and are summarized 
below.

13.7.1  Entry Inhibitors

Myrcludex B is a new drug that can block the 
uptake of HDV at the level of the sodium tauro-
cholate cotransporting polypeptide (NTCP) liver 
receptor [60, 61]. Work using both in vitro and 
in vivo models (mouse) has validated this mecha-
nism by demonstrating reduced HBV and HDV 
virus uptake into hepatocytes after administration 
of the drug [62]. Myrcludex B is derived from the 
N-terminal domain of the large HBV surface pro-
tein (myristoylated lipopeptide contains 47 
amino acids of the pre-S1 domain of L-HBsAg). 
Its mechanism of antiviral action is via specific 
inactivation via binding of the myristoylated 
domain to NTCP.  This synthetic homologous 
peptide competes for the binding with the natural 
HBsAg and results in the restriction of virion 
uptake in the cell [63]. Phase II clinical trials are 
ongoing regarding the potential from Myrcludex 
B in combination with PEG-IFNα [64]. 
Preliminary results revealed negative HDV RNA 
after 24 weeks in five out of seven patients, but a 
rebound of virus was detected after Myrcludex B 
was discontinued [64]. There are ongoing studies 
evaluating the potential user of higher doses of 
Myrcludex B in addition to longer combinations 
with PEG-IFNα.

13.7.2  Prenylation Inhibitors

Farnesylation inhibitors prevent the protein 
farnesyltransferase which is vital in the prenyl-
ation process. If prenylation does not occur, then 
viral assembly and secretion are halted. 
Prenylation inhibitors have also been confirmed 
in in  vitro and in  vivo studies [65]. A recent 
National Institute of Health (NIH) phase IIa 
double- blinded randomized control trial studied 
the effectiveness of lonafarnib, an oral farnesyl-
transferase inhibitor. This was the first study 
investigating a prenylation inhibitor in HDV 
infection. There were three groups: [1] subjects 
receiving lonafarnib 100 mg twice daily, [2] sub-
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jects receiving lonafarnib 200  mg twice daily, 
and [3] subjects receiving placebo [66]. HDV 
RNA was decreased in both treatment groups and 
was associated with the plasma concentration of 
lonafarnib. HBV DNA increased with HDV RNA 
decrease. HDV RNA returned to baseline when 
treatment was discontinued.

13.7.3  Nucleic Acid Polymers

Nucleic acid polymer (NAP) is a potential ther-
apy that aims to block the release of HBsAg par-
ticles. The NAPs REP 2055 and REP 2139-Ca 
showed a decline in HBsAg and HBV DNA and 
the development of anti-HBs antibodies when 
administered to patients with solitary HBV infec-
tion [67]. Increased HDV load was noted in all 
patients after discontinuation of the NAP.  In a 
recent oral presentation by Bazinet et  al. pre-
sented at the 50th Annual Meeting of the 
European Association for the Study of the Liver, 
HDV RNA was reduced in all patients after 
15 weeks of treatment with a NAP. The long-term 
follow-up with REP 2139-Ca/PEG-IFNa-2a 
combination therapy is still under study [68].

13.7.4  Role of Transplantation

In cases of decompensated liver failure and failed 
medical therapy, liver transplantation becomes 
the only form of therapy and is lifesaving. Given 
the aggressive and rapid progression of HDV dis-
ease, it may be prudent to evaluate patients for 
liver transplant during early stages of disease. 
Following transplantation, vaccination against 
HBV is warranted for those HBV negative to pre-
vent reinfection. The transplanted liver is exposed 
to HDV during the time of transplantation, and 
this can affect the hepatocytes. It is purported that 
HDAg is detectable in the allograft months to 
years after transplantation [69]. In a prospective 
European study involving the long-term clinical 
outcomes following liver transplantation for hep-
atitis D, the 5-year survival rate was estimated 

at88%, much greater than for hepatitis B alone 
[70]. Successful liver transplantation for HDV is 
promising if HBV/HDV reinfection does not 
occur [69]. In patients who received continuous 
passive anti-HB immunoprophylaxis (all but 4), 
89.7% remained HBV negative [70].

13.8  Summary

Hepatitis delta virus is a small but deadly RNA 
virus dependent on hepatitis B for transmission 
and entry into hepatocytes. It remains extraordi-
narily pathogenic, but outcomes are vastly differ-
ent depending on whether there is HBV/HDV 
coinfection or HDV superinfection in chronically 
infected HBV patients. Early testing for HDV is 
strongly recommended in patients from endemic 
areas along with prevention of HBV with vacci-
nation and consideration of liver biopsy in severe 
cases. Genotype 1 is the most common world-
wide and unfortunately also the most pathogenic. 
Pegylated interferon-alpha remains the only cur-
rent therapy (yet not approved in children) for 
HDV infection but benefits <1/3 of patients. 
Further studies of new therapies (viral entry 
inhibitors, prenylation inhibitors, and nucleic 
acid polymers) are beginning to come onto the 
horizon as potential future therapies.
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Abstract
Hepatitis E virus (HEV) infection is a leading 
cause of acute viral hepatitis worldwide. 
Approximately 20 million people are infected 
with HEV annually, resulting in more than 
three million annual cases of acute HEV and 
~70,000 associated deaths (World Health 
Organization. Hepatitis E (Factsheet No. 280). 
World Health Organization, 2014; World 
Health Organization. Prevention and control 
of viral hepatitis: a framework for global 
action. World Health Organization. www.
who.int/topics/hepatitis, 2012). Although 
HEV infection among children is often 
asymptomatic, infection can also lead to a 
range of symptoms from mild hepatitis to ful-
minant liver failure and to extrahepatic dis-
ease such as pancreatitis, Guillain-Barre 
syndrome, or Henoch-Schonlein purpura 
(Verghese VP, Robinson JL. Clin Infect Dis 
59(5):689–697, 2014). Among tropical and 
subtropical climates, HEV is a leading cause 
of waterborne epidemic viral hepatitis and a 
major cause of morbidity in developing set-
tings (Gerbi GB et al. Am J Trop Med Hyg 

92(2):411–414, 2015; Tsega E et al. Clin 
Infect Dis 14(4):961–965, 1992). Pregnant 
women and individuals with underlying liver 
disease are at highest risk for morbidity and 
mortality, with few treatment options cur-
rently available at this time (Navaneethan U, 
Al Mohajer M, Shata MT. Liver Int 
28(9):1190–1199, 2008). Among children, the 
risk of HEV infection increases with age, with 
serologic studies demonstrating peak inci-
dence in early adulthood.

While the overall significance of HEV 
infection on the majority of immunocompe-
tent children remains unclear, the risk of zoo-
notically acquired acute and chronic HEV 
infection among immunocompromised indi-
viduals, particularly solid organ transplant 
(SOT) recipients, has become increasingly 
apparent (Dalton HR et al. Eur J Gastroenterol 
Hepatol 20(8):784–790, 2008; Kamar N et al 
(2008) Hepatitis E virus and chronic hepatitis 
in organ-transplant recipients. N Engl J Med 
358(8):811–817; Kamar N et al. Am J 
Transplant 8(8):1744–1748, 2008; Halac U et 
al. Gut 61(4):597–603, 2012; Purcell RH, 
Emerson SU. J Infect Dis 202(6):819–821, 
2010). This chapter will highlight the epide-
miology, pathogenesis, clinical manifesta-
tions, diagnosis, and treatment approaches to 
HEV infection among children and those in 
high-risk groups, such as pregnant women, 
SOT recipients, and other immunocompro-
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mised hosts (Mushahwar IK. J Med Virol 
80(4):646–658, 2008; Mizuo H et al. J Med 
Virol 76(3):341–349, 2005; Takahashi M, 
Okamoto H. Hepatol Res 44(1):43–58, 2014; 
15. Okamoto H. Virus Res 127(2):216–228, 
2007; 16. Mjahed K et al. Arch Gynecol 
Obstet 274(6):349–353, 2006).

Keywords
Hepatitis E virus · Zoonotic infection · HEV 
seroprevalence · Fulminant liver failure · 
Solid organ transplant recipients · HEV 
vaccines

14.1  Virology of HEV

HEV was first identified as a cause of epidemic 
non-A, non-B hepatitis in 1983 via a human 
 challenge experiment and subsequently cloned in 
1990. It is a spherical, non-enveloped, single- 
stranded, positive-sense RNA virus, approxi-
mately 32–34 nm in diameter, and classified as a 
member of the Hepeviridae family [1]. Two major 
species of HEV are recognized: mammalian HEV, 
responsible for acute hepatitis in humans, and 
avian HEV. Mammalian HEV is further classified 
into four distinct genotypes with a single sero-
type; recently, new HEV genotype 5 has been 
identified in a wild boar in Japan [2, 3]. HEV 
genotypes differ in their epidemiology and sever-
ity of infection. Genotypes 1 and 2 infect only 
humans and are a major cause of waterborne out-
breaks of acute viral hepatitis in developing coun-
tries predominantly in Asia and Africa (particularly 
during the monsoon season) as well as in South 
America such as Cuba, Venezuela, and Uruguay 
[4, 5]. Genotype 2 has been identified and reported 
in Mexico, Chad, and Nigeria [6–8]. Genotypes 3 
and 4 infect both humans and animals, especially 
pigs, wild boars, and deer, and are the main causes 
of sporadic outbreaks of hepatitis in developed 
countries [9, 10]. Genotype 3 is more common 
among industrialized western countries, whereas 
genotype 4 HEV infection is predominately found 
in Asia. Cases of genotype 4 infection have been 
reported in Japan, China, and Taiwan and in pig 
populations in those countries and India [11, 4]. 

Infection with a given HEV genotype is a known 
risk factor associated with disease severity [3, 12, 
13].

14.2  Pathogenesis of HEV

While the pathogenesis of HEV infection has 
been extensively studied, the nature of the viral- 
host immune response has not yet been clearly 
defined. In the majority of cases, primary HEV 
infection begins with fecal-oral transmission, 
where it is transmitted through the gut, and sub-
sequently reaches the liver through a yet unde-
fined mechanism. Once in the liver, it replicates 
in the cytoplasm of hepatocytes before being 
released into both blood and bile and shed in the 
stool [14, 15]. A few days to weeks after the onset 
of clinical symptoms, HEV RNA is cleared from 
the blood; however, the virus continues to be 
shed in stool for another 2 weeks [16].

The liver injury from HEV is not cytopathic 
but may be immune-mediated by cytotoxic T 
cells and natural killer (NK) cells. For example, 
fulminant hepatitis in pregnant women appears to 
be secondary to immune-mediated [17] infiltrat-
ing lymphocytes in the liver [18].

HEV IgG appears shortly after the IgM 
response and can last several years. The presence 
of anti-HEV antibody provides cross protection 
against all HEV genotypes due to the existence of 
a single HEV serotype [19]. The capsid protein 
contains several neutralizing epitopes [20]. Anti- 
HEV antibodies can also be induced by 
immunization.

The pathogenicity of HEV infection varies 
between genotypes and among hosts, with certain 
populations such as pregnant adolescents and 
women suffering worse outcomes, including ful-
minant hepatic failure (FHF) and death. While 
the specific triggers for fulminant hepatitis E 
infection among these populations are unclear, 
viral factors (such as genotype) may be respon-
sible, as more severe hepatitis E infection has 
been observed with genotype 4 [21]. Host factors 
likely also play a role, with FHF cases demon-
strating higher anti-HEV IgM and IgG titers than 
those with self-limited infections in some reports 
[22], and more heightened humoral antiviral 
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responses noted among patients with fulminant 
hepatitis E as compared to patients with uncom-
plicated infection [23]. That said, both suppressed 
and heightened antiviral cellular immune 
responses have been reported in FHF patients. 
Among immunocompromised individuals, the 
degree of immune suppression also appears to be 
a risk factor for significant disease [23].
Increased pathogenicity over time may also 
reflect viral heterogeneity or secondary viral 
mutations [24]. A study in India comparing the 
genome of genotype 1 strains from FHF cases 
with acute viral hepatitis cases showed that the 
viruses that caused FHF had many more nucleo-
tide substitutions compared with the strains that 
caused acute hepatitis only. Six substitutions that 
were significantly associated with FHF included 
one nonsynonymous mutation, suggesting that 
mutations may play a role in determining out-
come of HEV infection [25].

14.3  Histopathology of HEV

Generally, individuals with HEV who travel from 
developing countries are diagnosed serologically, 
without liver biopsy. Few patients with autoch-
thonous HEV require a liver biopsy because they 
have a self-limiting illness. Therefore data on 
liver histopathology of acute autochthonous HEV 
are limited to patients with severe disease. Liver 
histology in non-cirrhotic liver is similar to that 
seen in other cases of acute viral hepatitis. A dif-
fuse inflammatory infiltrate is present within both 
the portal tracts and the lobules.
Typical features of hepatitis E consist of both 
classic and cholestatic types of acute viral hepati-
tis similar to hepatitis A [26]. Classic acute hepa-
titis with spotty or confluent necrosis, including 
acidophilic bodies, swollen hepatocytes, and 
polymorphic parenchymal and portal inflamma-
tion, has been reported. Neutrophils are the pre-
dominant inflammatory infiltrates in the portal 
tract and are mixed with lymphocytes, plasma 
cells, and histiocytes. Interestingly, a geographi-
cal variation in the inflammatory infiltrate is noted 
across the portal tract, with neutrophils being 
most predominant at the periphery and the inter-
face and the lymphohistiocytic component and 

plasma cells in the center of the portal tract. 
However, lymphocytes and plasma cells were 
concentrated centrally within expanded portal 
tracts, and lymphoid aggregates were noted. 
Interface hepatitis has been observed and always 
associated with intense lobular necrosis which 
raises the question of autoimmune hepatitis [27]. 
For this reason, HEV has been proposed to have a 
causative role in the development of autoimmune 
hepatitis or primary biliary cirrhosis, similar to 
that seen in hepatitis A [28, 29]. Histological cho-
lestasis is also common in acute hepatitis but with 
marked cholestasis in zone 3 with pseudo- 
glandular acinar transformation and bile duct pro-
liferation [26]. A case of acute hepatitis E with 
lymphocytic destructive cholangitis was also 
reported [30]. In fatal cases, extensive necrosis 
and collapse of the parenchyma are present [31].

14.4  Epidemiology of HEV

The majority of infections caused by HEV are 
asymptomatic or nonspecific in nature. As a 
result, global estimates of hepatitis E virus epide-
miology rely in large part on seroepidemiologic 
studies. Recent data suggest that HEV infection 
is more common worldwide than hepatitis A 
virus (HAV) infection [32, 33–35]. HEV is 
endemic in many developing countries and may 
account for over 50% of cases of acute viral hep-
atitis, with [36] transmission high in endemic 
areas including Asia, the Middle East, and Africa. 
While HEV prevalence reported in industrialized 
countries is generally lower, rates of autochtho-
nous infection indicate a worldwide distribution. 
Sporadic infection in the setting of epidemics is 
reported in developing countries, particularly on 
the Indian subcontinent, with zoonotic vectors 
the suspected drivers for seroprevalence among 
industrialized countries.

The exact modes of HEV transmission vary 
and may be associated with waterborne contami-
nation or the consumption of raw or undercooked 
meat of HEV-infected animals. HEV may be 
spread via food or water contamination by feces 
from an HEV-infected individual, with water-
borne outbreaks often reported in developing 
countries. Clinically, symptomatic HEV causes 
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disease that is indistinguishable from other 
viruses such as HAV, although in contrast to hep-
atitis A virus, most HEV infections occur in late 
childhood or early adulthood [37]. In addition, 
direct person-to-person transmission of HEV 
does not appear to be common [34, 35, 38]. HEV 
seroprevalence ranges from 7.8 to 45% in 
endemic areas to nearly 100% in some develop-
ing countries [33, 39]. Symptomatic HEV attack 
rates are highest among young adults during epi-
demics ranging from 3 to 30% and lowest among 
children at 0.2–10% [40, 41]. Overall HEV prev-
alence in a community is closely related to socio-
economic level and access to safe drinking water 
and sanitation [33, 39]. In one report, HEV sero-
prevalence rate reaches more than 95% in chil-
dren living in endemic areas by the age of 
10  years [42]. HEV is responsible for sporadic 
cases and epidemic outbreaks of acute hepatitis 
related to poor hygiene and sanitation in many 
Asian and African countries [4]. Sporadic cases 
of HEV infection in industrialized countries are 
often reported in individuals with a travel history 
to endemic areas whom are infected by indige-
nous HEV strains (genotype 1 or 2).

HEV-infected pregnant women are at an 
increased risk for acute or fulminant liver failure 
(FHF) and death [40, 41], compared to pregnant 
women without HEV infection [43]. This clinical 
predisposition was first reported during HEV 
genotype 1 outbreaks on the Indian subcontinent 
and Africa [42, 44]. In contrast, little or no 
increased morbidity has been reported among 
pregnant HEV-infected women in other HEV- 
endemic countries, such as Egypt [36, 43, 45]. 
That said, a large prospective study from Northern 
India found that up to 60% of viral hepatitis cases 
in pregnant women were attributed to HEV infec-
tion, with mortality and FHF higher among HEV- 
infected pregnant mothers (41%) than 
non-HEV-infected mothers (7%) [43].

Among pregnant women, infection contracted 
during the third trimester is associated with 
severe disease, resulting in a mortality rate of 
15–25%. Maternal-to-fetal HEV transmission 
has also been demonstrated, with rates ranging 
from 23.3% to 50%. In a large prenatal study in 
India, 28 of 469 pregnant women were positive 
for HEV RNA; 12 of these women had acute liver 

disease, and 2 died undelivered. The remaining 
16 women had mild disease with full recovery. 
Of 26 infants born, all were positive for HEV 
RNA and developed acute infection. The high 
risk of vertical transmission of HEV infection 
from mother to infant was investigated and trans-
mission rates of up to 100% were reported. This 
high transmission rate is not the only important 
factor for neonatal outcome, and there could have 
been a selection bias in the study. While many 
cases with vertical transmission result in high 
neonatal mortality, in this study those newborn 
infants who survived had self-limiting disease 
with short-lasting viremia [42].

In recent years, increasing attention has been 
directed to cases of HEV infection among indi-
viduals in Europe, New Zealand, North America, 
Japan, and South America with no history of 
travel to regions endemic for HEV, such as the 
Indian subcontinent and Africa. These cases have 
been characterized by genetically distinct sub- 
types of HEV (genotypes 3 or 4) and considered 
autochthonous or locally acquired [46–50]. In the 
absence of fecal-water contamination or epidemic 
spread, autochthonous infections challenged ini-
tial theories regarding HEV transmission, particu-
larly in industrialized settings [51, 52]. Zoonotic 
reservoirs, particularly swine, were ultimately 
identified as potential sources of autochthonous 
infection and the direct zoonotic transmission of 
HEV through contaminated meat demonstrated in 
Japan in 2003 [16, 53]. Since that time, HEV gen-
otypes 3 and 4 have been isolated from multiple 
meat products, including pig liver, deer meat, and 
pork, with human infections documented second-
ary to the consumption of insufficiently cooked, 
HEV- infected foods [52–58].

HEV seroprevalence estimates among indus-
trialized western countries in Europe and North 
America range from 6% to 21%, with pediatric 
estimates ranging from 0% to 4.6% [59, 60–62]. 
In the United States, data from the National 
Health and Nutrition Evaluation Survey 
(NHANES, 1998–2004) demonstrated a pediatric 
HEV seroprevalence of 0.8% among males and 
1.1% among females, ages 6–19 years [60]. While 
most studies to date have focused primarily on 
adult populations, an increasing number of recent 
reports have approached the pediatric burden of 
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autochthonous HEV, especially among immuno-
compromised hosts [59, 63]. This growing recog-
nition of the role of HEV infection among children 
suggests that autochthonous HEV remains an 
emerging pathogen in this population.

Globally, HEV genotypes 1 and 3 have also 
been reported to circulate in the Indian subconti-
nent and Africa. A recent study in China reported 
a 15% HEV seroprevalence among children; 
however, in this region most infections were due 
to HEV genotypes 1 and 4 [64–66]. Like HAV, 
the majority of HEV infections in children are 
asymptomatic [67], and it is likely that this high 
seroprevalence also represents autochthonous 
HEV, as opposed to travel-related, or epidemic, 
infection.

Nosocomial spread has been reported in the 
pediatric population [68]. Perinatal (including 
breastfeeding) and parenteral transmission have 
been rarely reported. Transfusion of blood or 
blood products has recently been recognized as a 
mode of transmission for HEV [69, 70]. HEV 
transfusion-associated transmission was reported 
in a HEV PCR-positive child following erythro-
cyte transfusion along with other HEV-infected 
recipients from an asymptomatic donor [71].

Pediatric solid organ transplant (SOT) recipi-
ents are at increased risk for HEV infection, 
chronic hepatitis, and fulminant liver failure. 
Among pediatric Canadian liver transplant recipi-
ents, HEV seroprevalence was reported to be 15% 
among those with normal hepatitis tests, compared 
to 86% for those with abnormal liver enzymes. 
One case of chronic hepatitis E virus infection was 
identified within this cohort [72]. In a similar 
German pediatric serologic study among liver and/
or kidney transplants, a lower HEV seroprevalence 
was reported overall (3.2% in transplant patients 
versus 7.4% among immunocompetent patients), 
with 1 case of chronic hepatitis identified among 
124 SOT recipients [73].

14.5  Clinical Manifestations 
of HEV

Among most previously healthy individuals, HEV 
manifests as a self-limiting, acute, icteric hepatitis 
with symptoms including jaundice, malaise, 

anorexia, fever, abdominal pain, hepatomegaly, 
and arthralgia. The clinical course of HEV is 
indistinguishable from that of HAV, with the incu-
bation period ranging from 2 to 9 weeks or 15 to 
60 days, with a mean of 40 days [9, 59, 74].

Clinical disease is more common among 
adults than children [9, 59, 74]. The incidence of 
acute hepatitis with jaundice increases with age. 
While pregnant women and individuals with 
chronic liver disease are at increased risk for FHF 
and death, overall mortality rates associated with 
HEV are low in the general population, with case 
fatality rates ranging from 0.1 to 3.0% [75]. 
Among western industrialized countries, autoch-
thonous HEV infection predominately affects 
immunocompromised individuals but is clini-
cally indistinguishable from endemic HEV. That 
said, overall morbidity and mortality are higher, 
with 8–11% of infected individuals developing 
fulminant hepatitis and liver failure [43].

Due to mechanisms which remain unclear, 
infection with HEV genotype 1 results in a high 
disease attack rate among pregnant women, lead-
ing to increased morbidity and fatality rates. The 
risks of these adverse events escalate with each 
trimester of pregnancy [18]. This type of HEV 
infection may lead to FHF, hepatic encephalopa-
thy, disseminated intravascular coagulation, fetal 
distress, premature deliveries, and death of both 
the mother and fetus with estimated mortality 
rates ranging from 30 to 100% [18, 76–78].

Two large reports from India showed HEV or 
HAV/HEV coinfection to be leading causes of 
acute liver failure (ALF) and acute on chronic liver 
disease [79, 80]. However, the prevalence of ALF 
from HEV infection in children remains unknown 
in the United States and Europe. The Pediatric 
ALF (PALF) consortium does not routinely test 
for evidence of HEV infection in the absence of a 
travel history to endemic countries. However, 
locally acquired HEV genotype 3 infection has 
been demonstrated to be a potential etiology for 
ALF among both children and adults in other 
developed countries such as Argentina [74, 81, 
82]. Children who develop ALF often have under-
lying chronic liver disease [79, 80, 83, 84]. While 
sporadic cases of hepatitis E have been associated 
with FHF in Japan, HEV remains a rare cause of 
acute liver failure in Japanese children [85].
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Children receiving immunosuppressive ther-
apy following solid organ transplantation or bone 
marrow transplantation, or for conditions such as 
rheumatologic disease, nephrotic syndrome, and 
inflammatory bowel disease, are also at risk for 
chronic HEV infection and chronic liver disease. 
The overall prevalence of acute or chronic HEV 
infection in such immunocompromised children 
is unknown. HEV genotype 3 infection has been 
described in patients with hematological disease 
and in HIV-positive patients with low CD4 counts 
[86].

Individuals with underlying chronic liver dis-
ease can have a poor outcome with mortality 
approaching 70% [27, 50]. Children receiving 
immunosuppressive therapy after organ trans-
plantation are at risk for chronic HEV infection 
[87]. Chronic HEV infection can result in pro-
gressive liver fibrosis, cirrhosis, and subsequent 
liver failure, which occasionally requires liver 
transplantation [86, 88, 89]. Two children with 
chronic HEV infection after kidney transplanta-
tion were able to clear the virus after reduction in 
immunosuppressive therapy; otherwise liver cir-
rhosis could develop as reported in adult cases 
[90]. Extrahepatic manifestations such as neuro-
logical disorders (e.g., Guillain-Barre), acute 
pancreatitis, severe thrombocytopenia, hemolytic 
anemia, and hemophagocytic lymphohistiocyto-
sis have been associated with locally acquired 
acute and chronic HEV genotype 3 infection both 
in adults and children [91, 92]. Neurologic mani-
festations or kidney disease such as HEV-related 
Guillain-Barre syndrome, membranoprolifera-
tive glomerulonephritis, membranous glomerulo-
nephritis, or nephrotic syndrome in kidney or 
liver transplant patients with chronic HEV geno-
type 3 infection have not yet been reported in 
immunosuppressed children [74, 93]. 
Interestingly, proteinuria decreased or disap-
peared in these patients after HEV clearance. 
Chronic HEV infection has also been docu-
mented after stem cell transplantation in an ado-
lescent who later developed cirrhosis and portal 
hypertension [72].

If liver transplantation is required once chronic 
infection is established, it is likely that chronic 
hepatitis E will recur in the liver graft [87]. Risk 
factors independently associated with chronic 

infection include heavy immunosuppression, 
reflected by a shorter time from transplantation to 
infection; lower CD2, CD3, CD4, and total lym-
phocyte counts; and use of tacrolimus-based 
rather than cyclosporine-based regimen [88].

Unless HEV screening is routine, the diagno-
sis can easily be missed because the clinical fea-
tures of acute and chronic HEV infection are 
often nonspecific [94]. Most patients have no 
symptoms, subtle biological abnormalities, and 
very few present with jaundice.

Hepatitis E is frequently misdiagnosed as 
drug-induced liver injury or hepatitis of unknown 
etiology. HEV infection has a poor prognosis in 
patients with preexisting chronic liver disease 
and pregnant women in their third trimester. 
Patients with unexplained hepatitis should be 
tested for HEV, regardless of their age, demo-
graphics, or travel history.

14.6  Diagnosis of HEV Infection

The diagnosis of hepatitis E virus (HEV) infec-
tion relies primarily upon serologic and molecu-
lar markers of active and past infection (Fig. 14.1) 
[95]. Tissue immune-histochemical stain for 
HEV has been recently developed and is com-
mercially available, although of questionable 
clinical utility given the infrequency of tissue 
biopsy in the setting of active disease [95, 96]. It 
is of note that no tests, to date, have been approved 
by the Food and Drug Administration (FDA) for 
the diagnosis of HEV infection in the United 
States.

14.6.1  Serologic Diagnosis

The adaptive immune response to HEV provides 
the basis for the serologic diagnosis of HEV 
infection. Clinical symptoms of HEV infection 
typically present 6–8  weeks following initial 
exposure, at which time anti-HEV IgM Ab 
becomes detectable in approximately 90% of 
patients [97, 98]. This antibody can persist from 
weeks to months following infection, after which 
time the patient is typically asymptomatic, with 
no further evidence of disease. Anti-HEV IgG 
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appears shortly thereafter, at about 8–10 weeks 
following infection, and can persist for several 
years. The presence of anti-HEV IgG is generally 
considered seroprotective against all four geno-
types of HEV.

The serologic diagnosis of HEV is made 
through the use of in-house or commercially 
available anti-HEV IgM and IgG test kits. 
Although HEV exists as four distinct genotypes, 
there is one serotype, allowing for HEV serologic 
assays to employ recombinant-based HEV anti-
gen to capture evidence of anti-HEV IgG or 
IgM.  While such serologic assays have histori-

cally demonstrated a variable range of sensitivity 
and specificity, from 52 to 98% and 84 to 99%, 
respectively, more recent second- and third- 
generation assays have demonstrated increas-
ingly reliable performance [99, 100]. Limits to 
serologic testing, particularly in the immuno-
compromised population, include a lack of sensi-
tivity among individuals who may have been 
treated with rituximab or other anti-B- lymphocyte 
agents at the time of infection, as well as 
decreased specificity among those treated with 
IVIG, given the well-recognized HEV seropreva-
lence in the general population. As a result, 
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(if available)
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Fig. 14.1 Proposed diagram for serologic investigation for hepatitis E virus infection
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despite ongoing improvement, testing for HEV 
markers can be difficult to interpret and may pose 
problems in the diagnosis of infection [99].

14.6.2  HEV RNA Polymerase Chain 
Reaction

The use of RNA polymerase chain reaction for 
the diagnosis of HEV offers a number of advan-
tages, particularly in the immunocompromised 
host [95]. While these assays have also yet to be 
approved by the FDA and are not commercially 
available in the United States at this time, HEV 
can be detected by PCR from both blood and 
stool up to 2 weeks prior to the onset of hepatitis 
and for several weeks after infection [1]. While 
no standardized HEV PCR assay currently exists, 
a WHO standard was developed and is available 
for laboratory use. HEV RNA assays target 
ORF2/3, responsible for structural proteins of 
HEV, and have been demonstrated to be highly 
sensitive and specific in a number of clinical 
studies [95].

14.7  Treatment of HEV

HEV is generally a self-limiting disease in healthy 
or immunocompetent individuals, evolving over a 
few weeks to months. Some patients might require 
supportive treatment of symptoms, but almost all 
are able to clear the HEV infection spontaneously. 
Fulminant hepatitis may occur in genotype 1 HEV 
infection and other genotypes infecting a child 
with underlying liver disease. Immunocompromised 
children and those with underlying liver disease 
should be considered at increased risk for morbid-
ity, as HEV infection can progress to fulminant 
hepatic failure (FHF) or acute or chronic liver fail-
ure in this setting. Administration of immunoglob-
ulin has not been helpful in preventing the disease 
in HEV-endemic areas [101, 102].

The treatment goal for chronic HEV infection 
is complete eradication of the virus. Although 
systematic guidelines do not yet exist, reduction 
of immunosuppressive therapy targeting T cells 
(particularly calcineurin inhibitors) is clinically 

recommended among individuals on immunosup-
pressive medications (e.g., solid organ transplant 
recipients) to resolve chronic HEV infection. 
Figure  14.2 demonstrates a proposed algorithm 
for the management of hepatitis E infection in 
children following solid organ transplantation 
[86, 89, 103–105]. This approach may allow 
spontaneous HEV clearance in 30% of cases [103, 
106]. When the approach fails or leads to acute 
rejection, antiviral therapy is widely considered in 
order to avoid liver cirrhosis and liver graft loss. A 
2–3-month course of monotherapy with pegylated 
interferon-α-2a (PEG-IFN-α-2a), PEG-IFN-α-2b, 
or ribavirin (or a combination of these medica-
tions) has been proposed, although interferon use 
may be a potential risk factor for acute rejection in 
SOT recipients [107]. Alternatively, ribavirin 
alone has also been shown to produce complete 
recovery and avoid the need for liver transplanta-
tion in case reports and small series [86, 89, 103–
105, 108].

There is currently no consensus as to how to 
treat patients with HEV infection in pregnancy. 
Ribavirin is potentially teratogenic, and the use 
of pegylated interferon is generally avoided in 
pregnancy due to fetal concerns. In pregnant 
women with a near-term fetus, it is logical that 
early delivery of the viable fetus could be sug-
gested to prevent maternal mortality. Therapeutic 
termination of pregnancy has not been reported 
in mothers with HEV infection as a beneficial 
therapy like in pregnancy-related disorders such 
as HELLP syndrome and acute fatty liver of 
pregnancy [109].

14.8  Prevention of HEV

Infants born to asymptomatic anti-HEV-positive 
mothers are at low risk for HEV infection. No 
data suggest cesarean section prevents HEV 
transmission. Given the low amount of HEV in 
colostrum (low infectivity), breastfeeding, an 
important nutrition source in endemic areas, 
should not be discouraged [110]. However, moth-
ers with symptomatic or severe HEV infection 
with high viral loads should be advised not to 
breastfeed, due to potential risk of transmission.
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Appropriate prophylactic strategies and mea-
sures should be exercised to reduce the risk of 
exposure to the virus. High-risk groups include 
pregnant teens, children who are immunosup-
pressed, and solid organ transplant recipients. 
Special care should be taken by pregnant mothers 

to avoid potentially contaminated water sources 
in HEV-endemic regions, particularly during out-
breaks and monsoon season. In addition, immu-
nocompromised hosts (e.g., solid organ transplant 
recipients, oncology patients) should be cau-
tioned regarding the risk of autochthonous HEV 
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Fig. 14.2 Proposed algorithm for management of hepatitis E virus infection in children following solid organ 
transplantation
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transmission and infection through undercooked 
meat products, including smoked pig liver sau-
sage, venison, and pork [54, 57, 58].

Anti-HEV antibodies can also be induced by 
vaccination. HEV vaccines were reported to be 
effective, but they have not yet been used in the 
clinical setting. Currently there is no FDA- 
approved vaccine for HEV. To date, two types of 
recombinant HEV vaccine have been developed 
and are genotype 1-based. The first, developed by 
GlaxoSmithKline (Brentford, UK) and the Walter 
Reed Army Institute of Research (Washington, 
DC, USA), was tested in Nepalese healthy males 
(n = 1900) with high safety and efficacy levels 
after the third dose [111]. Unfortunately this vac-
cine has not been further developed [111]. In 
2007, a second HEV vaccine (HEV 239) was 
studied in a randomized, placebo-controlled, 
phase 3 clinical trial in over 112,604 Chinese 
healthy participants (aged 16 to 65  years) and 
demonstrated a very high efficacy of approxi-
mately 94–100% with a good safety profile. HEV 
239 is composed of a truncated HEV capsid pro-
tein, p239, derived from a HEV genotype 1 iso-
late. It was licensed under Hecolin, Xiamen 
Innovax Biotech, Xiamen in China, and is cur-
rently the only available vaccine. It is approved 
for high-risk groups and will soon be available to 
other countries which are highly endemic for 
HEV.  While most cases of hepatitis E in this 
study were caused by HEV genotype 4 alone, 
given the single serotype of HEV, it is widely 
understood that protection extends to all four 
human genotypes [112, 113]. In light of the mor-
tality associated with HEV genotype 1 infection 
among pregnant mothers and children with 
underlying liver disease, vaccine efforts have 
thus far focused on HEV prevention among such 
high-risk groups in endemic areas.

Although immunization with HEV vaccine 
(Hecolin, Xiamen Innovax Biotech, Xiamen, 
China) demonstrated long-term efficacy at 
4.5 years against HEV, the lifelong durability of 
vaccine-induced immunity has not been demon-
strated [113]. As such, while theoretically useful 
among pregnant women and travelers to endemic 
regions, the role for vaccine in preventing HEV 
infection in non-endemic areas (where other gen-

otypes predominate) has not been investigated. 
Future research using preventive vaccine is 
required for other genotypes, particularly geno-
types 3 and 4 in recipients prior to solid organ or 
bone marrow transplant recipients [86].

14.9  Summary

Hepatitis E virus is an increasingly recognized 
cause of viral hepatitis worldwide and an 
emerging global public health concern. The 
recognized global distribution of this disease, 
its high mortality among pregnant women, the 
severity of autochthonous HEV infection, and 
the ability of the virus to induce chronic infec-
tions among immunocompromised hosts make 
HEV increasingly relevant in the setting of 
increasing global flooding events and an ever-
increasing number of immunocompromised 
hosts and solid organ transplant survivors 
worldwide. Keys to identifying cases of viral 
hepatitis include a high index of suspicion, 
knowledge of the geographic distribution where 
the patients or their families have lived or trav-
eled, personal hygiene, immunocompromising 
conditions, and risk factors for zoonotic infec-
tion. Special precautionary measures are indi-
cated for individuals at high risk for severe 
illness who may be traveling to known endemic 
regions and in the setting of HEV outbreaks. 
Immunocompromised hosts in western coun-
tries should be made aware of the zoonotic and 
food risks associated with autochthonous 
HEV. In addition, caution should be taken when 
interpreting HEV serology since different 
assays can differ in their sensitivity and speci-
ficity. Children who are immunosuppressed or 
receive blood products may have false-negative 
or false- positive anti-HEV antibodies, respec-
tively; therefore both serological and nucleic 
acid-based HEV tests are needed for accurate 
interpretation. Specific antiviral treatment is 
available for children with persistent or chronic 
hepatitis E to prevent the development of liver 
cirrhosis, hepatic failure, and graft loss in solid 
organ transplantation or other extrahepatic 
complications.
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Abstract
Acute liver failure is a rare but devastating 
clinical condition. A viral cause of acute liver 
failure is the most common etiology world-
wide, with hepatitis A being the most preva-
lent. In both developed and developing 
countries, the vaccines against viral hepatitis 
have reduced the frequency of disease as well 
as ALF.  Testing for viral causes of ALF is 
often incomplete, and establishing a diagnosis 
for some viral etiologies can be challenging. 
With therapies available for viruses such as 
herpes simplex, adenovirus, and hepatitis B, it 
is imperative that a thorough diagnostic evalu-
ation occur in children with ALF. Emergence 
of diseases, such as dengue, in developed 
countries requires a heightened vigilance to 
identify rare diseases not typically 
encountered.

Keywords
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15.1  Introduction

Acute liver failure (ALF) in children is a rare, 
often devastating, clinical condition in which a 
previously healthy child of any age experiences 
rapid deterioration of liver function with out-
comes ranging from complete recovery, liver 
transplantation, or death. Treatment is largely 
supportive. There are a few conditions amenable 
to specific therapy that could alter the course of 
the disease. Examples include acute acetamino-
phen toxicity, Wilson disease, tyrosinemia, gesta-
tional alloimmune liver disease, and some viruses 
such as herpes simplex.

Many aspects of ALF in children remain com-
plex and not fully understood, including defini-
tion, etiologies, natural history, prognostic 
indicators, and outcomes. The Pediatric Acute 
Liver Failure Study Group (PALFSG) was estab-
lished by the National Institutes of Health/
National Institute of Diabetes and Digestive and 
Kidney Diseases to study this life-threatening 
condition in children [1]. An unexpected early 
challenge for pediatricians was to establish entry 
criteria, because hepatic encephalopathy, which 
is a defining criteria for adults with acute liver 
failure, may not be clinically evident or may only 
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develop as a terminal event in children. These 
pediatric experts settled on the following entry 
criteria for the PALF study: [1] no evidence of 
chronic liver disease, [2] laboratory evidence of 
acute liver injury, and [3] coagulopathy not cor-
rected by parenteral vitamin K, with or without 
encephalopathy. This last criterion was separated 
by severity of the coagulopathy. The criteria were 
met for any child with an international normal-
ized ration (INR) or prothrombin time (PT) ≥2 or 
≥20 s, respectively. For cases where the coagu-
lopathy was less severe, where the INR or PT was 
≥1.5 or ≥15 s, but <2 or <20 s, clinical evidence 
of hepatic encephalopathy was additionally 
required.

15.2  Etiology for ALF

One of the earliest reports of ALF in the pediatric 
age group described 31 children with only 4 diag-
noses: paracetamol (acetaminophen) (n  =  3), 
mushroom poisoning (n = 1), halothane (n = 1), 
and “acute viral hepatitis, hepatitis B surface 
antigen negative” (n = 26) [2]. Currently, the spe-
cific entities or conditions causing PALF are mul-
tiple and are grouped into broad categories that 
include viral, drug-related, metabolic/genetic, 
immune-mediated, shock, miscellaneous, and 
indeterminate.

Viral causes of PALF are well described but 
less commonly diagnosed than other etiologies 
among children in North America and Britain. 
The prodrome associated with ALF often includes 
nonspecific symptoms including fever, malaise, 
nausea, vomiting, or diarrhea. Such symptoms in 
children often suggest a viral process. But prov-
ing a viral cause can be problematic as many 
childhood viruses are ubiquitous. Thus labora-
tory findings may suggest the presence of com-
mon viruses, such as Epstein-Barr virus, 
parvovirus B19, and cytomegalovirus, but it is 
challenging to ascertain whether such a virus is 
the principal cause of liver injury or a non- 
culpable bystander. Additionally, the identifica-
tion of previously unrecognized liver-injurious 
viruses has slowed. Several years ago, as more 
viral pathogens were recognized, many experts 

suggested a proposed diagnostic category called 
non-A-G hepatitis [3]. The obvious implication 
was that there were yet-to-be-identified viral 
pathogens. But efforts to identify novel viruses 
associated with ALF have not been successful [4, 
5]. In general, more recent terminology has 
changed from the term non-A-G hepatitis to the 
broader term of indeterminate status.

The quest to increase the understanding of eti-
ologies for ALF is obviously ongoing. Reasons 
for failure to make a specific diagnosis for ALF in 
children are multifactorial and include an incom-
plete diagnostic evaluation due to death, trans-
plant, or clinical improvement, a diagnosis that 
was not considered, or the existence of novel eti-
ologies not yet described [6, 7].

15.3  Viral Testing

Diagnostic tests to establish a viral etiology for 
ALF in children are listed in Table 15.1. For some 
conditions, such as hepatitis A, B, and E, the 
presence of serologies consistent with an acute 
infection in the context of ALF would establish a 
viral cause for the ALF.  However, in circum-
stances in which the presumptive virus is ubiqui-
tous within a population and rarely associated 
with ALF, such as Epstein-Barr virus, parvovirus, 
and cytomegalovirus, a more complete evalua-
tion that would include evidence of active liver 
involvement would be needed to confidently 
establish the diagnosis. Unfortunately, testing for 
a viral etiology is often incomplete leaving the 
potential for treatable conditions, such as herpes 
simplex, hepatitis B, and adenovirus, to go undi-
agnosed [7].

15.4  Hepatitis A Virus

Human hepatitis A virus (HAV) is the most com-
mon cause of viral hepatitis worldwide [8]. Once 
thought to be an enterovirus within the family 
Picornaviridae, HAV was subsequently given its 
own genus (Hepatovirus) along with the only 
other member, Simian hepatitis A virus. There 
are currently three principal genotypes, each sub-
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Table 15.1 Diagnostic tests to establish a viral etiology for acute liver failure

Viral agent Diagnostic studies
Hepatitis A Hepatitis A IgM
Hepatitis B Hepatitis B surface antigen

Hepatitis B viral DNA
Hepatitis B core antigen IgM

Hepatitis D Hepatitis D antibody IgM
Hepatitis D viral RNA
Liver
  Immunohistochemistry

Hepatitis E Hepatitis E IgM
Hepatitis E IgG + viral RNA

Herpes simplex virus HSV PCR in blood
HSV identified in blood culture
HSV identified in liver culture
HSV liver immunohistochemistry (+)

Enterovirus Enterovirus PCR in blood
Coxsackie PCR in blood
Echovirus PCR in blood
Liver tissue culture

Adenovirus Adenovirus PCR in blood
Liver tissue
  Culture (+)
  Viral inclusions identified
  Immunohistochemical stain (+)

Parvovirus B19 Parvovirus B19 blood PCR
Parvovirus B19 IgM

Hepatitis C Hepatitis C PCR
Cytomegalovirus CMV IgM

CMV blood PCR
Liver
  Culture (+)
  Viral inclusions identified
  Immunohistochemical stain (+)

Epstein-Barr virus EBV blood PCR (+)
EBV viral capsule antigen IgM
Liver
  Epstein-Barr-encoded RNA (EBER) in situ hybridization

Human herpes virus 6 HHV-6 viral PCR from blood
HHV-6 antibody, IgM
Liver
  Immunohistochemistry stain (+)
  HHV-6 PCR from tissue extract

Influenza Respiratory viral panel
Exclusion of other causes of ALF
  Acetaminophen toxicity
  Metabolic, immune mediated

Dengue Dengue viral PCR
Dengue antibody, IgM
Dengue NS1 antigen
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classified as A and B, with genotypes I and III 
being the most common [9]. Transmission of 
HAV is fecal-oral and facilitated by poor  personal 
hygiene and sanitation. Outbreaks of HAV have 
been associated with contaminated seafood, farm 
products, and vegetables [10].

Infection with HAV in a susceptible host gen-
erally has a brief, asymptomatic course in chil-
dren. In adults the course can be more clinically 
apparent with fever, jaundice, and malaise. HAV 
infection is typically self-limited with clinical 
symptoms lasting only a week or so, but relaps-
ing or prolonged symptoms can occur. Lifelong 
immunity follows resolution of the acute HAV 
episode.

Acute liver failure develops in less than 1% of 
patients with acute HAV infection. Several fac-
tors have been identified that may place a patient 
at increased risk for developing HAV-associated 
ALF. Elderly individuals appear to be at a height-
ened risk relative to other age groups. Having an 
underlying chronic liver disease, such as hepatitis 
B, at the time of an acute HAV infection is also a 
known risk factor for more severe disease result-
ing in death or liver transplantation. Viral factors, 
such as genotype or mutations within the viral 
genome, do not appear to influence outcome [11]. 
Somewhat counterintuitively, a low or absent 
viral load at the time of presentation was associ-

ated with poor outcome [11, 12]. This would sug-
gest that a rapid and overwhelming immune 
response against HAV could result in sufficient 
collateral damage to hepatocytes to cause mas-
sive hepatocellular necrosis and liver failure. 
Whole genome sequencing of nine adults with 
HAV-associated ALF identified a variety of cod-
ing and noncoding host genetic variants, some of 
which could be involved in immune, inflamma-
tory, or apoptotic activity [13]. Therefore, the 
complex host immune response to HAV may be 
an important risk factor for disease severity.

Despite the rarity of ALF in HAV, the high 
prevalence of HAV worldwide makes it a major 
factor as a cause of ALF. Assessing international 
data, 7 developing regions reported 416 patients 
with PALF between 1982 and 2003; 227 (55%) 
had HAV as the identified etiology (Table 15.2) 
[14–20]. In contrast, PALFSG data from North 
America and Britain identified only 5/703 (0.7%) 
with the diagnosis of HAV-associated ALF [6].

There is no specific treatment for HAV, but 
there is a good prevention strategy. Introduction 
of the HAV vaccine in 1995 resulted in a dra-
matic reduction in acute HAV infection as well as 
acute liver failure in developed and developing 
countries [21]. Focusing on adults, Taylor et al. 
found that between 1988 and 2005, the frequency 
of patients receiving a liver transplant for HAV 

Table 15.2 Etiology of acute liver failure in different countries

Diagnosis
South America, India, China [14–20] 1982–2003 
(N = 416) (%)

North America/United Kingdom [6] 
1999–2006 (N = 703) (%)

Indeterminate 97 (23) 329 (46.8)
Viral 300 (72) 45 (6.4)
  Hepatitis A 227 (55) 5 (0.7)
  Hepatitis B 20 (5) 2 (0.3)
  Hepatitis C 0 0
  Hepatitis E 30 (7) 0
  Coinfection 21 (5) 0
  Other 2 (0.5) 38 (4.9)
Drug related 7 (2) 111 (16)
  Acetaminophen 88 (13)
  Other 23 (3.3)
Autoimmune 8 (2) 48 (6.8)
Metabolic 2 (0.5) 68 (9.7)
  Wilson 2 23 (3.3)
  Other 45 (6.4)
Other 2 (0.5) 102 (14.5)
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decreased from 0.7% to 0.1% (p < .001) and the 
proportion of adult patients enrolling in the 
ALFSG with the etiology of HAV decreased 
from 5% to 0.8% [22]. In children, one study 
from Argentina reported a similar decline in 
HAV-associated ALF and liver transplant follow-
ing implementation of a universal hepatitis A 
vaccine program [23]. In this study, baseline 
annual cases of HAV-associated ALF ranged 
from 12 to 30 per year between 2000 and 2005. 
After universal immunization was implemented 
in 2005, there were no reported cases of HAV- 
associated ALF from November 2006 through 
December 2008.

Vaccination against HAV, administered as two 
injections 6 months apart, is now recommended 
for all children 12 months of age. Universal vac-
cination for adults has not yet been undertaken but 
is recommended for high-risk populations such as 
those with a chronic liver condition, intravenous 
drug exposure, contact at work or at home with 
international adoptees, or traveling to an area 
where HAV is endemic (see also Chap. 6).

15.5  Hepatitis B Virus

Hepatitis B virus (HBV) is an enigmatic, small 
DNA virus with eight genotypes (A-H) and myr-
iad clinical features that vary by age of viral 
acquisition [24–26]. Transmission is generally 
associated with blood, semen, or other body fluid 
from an infected person entering the body of a 
susceptible host. Infants born to HBsAg- and 
HBeAg-positive mothers are at highest risk for 
vertical transmission (70–90%), while those born 
to HBsAg-positive and HBeAg-negative mothers 
are at lower risk (10–40%). If infants are infected 
with HBV, 90% will develop a chronic HBV 
infection [27]. In contrast, acute HBV infection 
acquired in older children and adults is often self- 
limited with complete clinical recovery accom-
panied by clearance of hepatitis B surface antigen 
(HBsAg) and appearance of antibodies (anti- 
HBs) [28]. Clinical features, HBV serologies, 
and HBV DNA are used to generally characterize 
four phases of chronic HBV infection: immune 

tolerant, immune active, inactive carrier, and 
reactivation (see also Chap. 7).

Acute liver failure develops in approximately 
1% of patients infected with HBV alone [10]. 
PALFSG data showed ALF due to HBV was 
determined to be the final diagnosis in 2 of 703 
(0.3%) tested for HBV [6]. Children with ALF 
due to HBV are more likely to die if the HBV 
DNA is absent in the serum and the serum biliru-
bin level is very high (mean 535  umol/L or 
31.5 mg/dl) [29]. Other risk factors for develop-
ing ALF include rapid disappearance or absence 
of HBV DNA and HBsAg (similar to HAV), co- 
consumption of alcohol, acetaminophen or meth-
amphetamines, and perhaps being infected with 
HBV genotype D. Individuals with chronic HBV 
infection who receive immunosuppressive ther-
apy (e.g., systemic corticosteroids, chemother-
apy) are at increased risk for activation of 
quiescent HBV and development of ALF, and, if 
it occurs, survival is poor beyond 21 days [30].

Prevention of perinatal HBV transmission is 
an integral part of the effort. This involves uni-
versal screening of pregnant women during each 
pregnancy and the provision of immunoprophy-
laxis for infants born to infected mothers, includ-
ing hepatitis B vaccine and hepatitis B immune 
globulin. Routine vaccination of all infants with 
the first dose starting at birth will protect older 
children.

For a case of ALF due to HBV, uncertainty 
still surrounds treatment decisions [31]. Data on 
treatment are limited to small case studies. 
Initiation of antiviral therapy, and transfer to a 
liver transplant center, should be considered for 
those patients with acute severe HBV infection 
associated with significant liver injury and persis-
tent INR over 1.5 despite parenteral vitamin 
K. For those with advanced ALF and progressive 
encephalopathy, it is unclear that antiviral ther-
apy will alter the clinical course or ultimate need 
for liver transplantation. However, if antiviral 
agents can reduce the viral load prior to or after 
liver transplantation, recurrence of HBV follow-
ing transplantation could be delayed. Guidelines 
from the American Association for the Study of 
Liver Diseases (AASLD) [32] and the European 
Association for the Study of the Liver (EASL) 
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[33] recommend treatment, currently entecavir or 
tenofovir, for immune active disease and evi-
dence of severe liver injury.

15.6  Hepatitis C Virus

Hepatitis C virus (HCV) is a distinctly rare cause 
of ALF. Some experts have suggested HCV may 
not be a primary cause of ALF in the absence of 
coinfection or confounding nonviral factor [10]. 
A recent report by Reuben et  al. found only 3 
cases of HCV among 2070 North American sub-
jects enrolled in the acute liver failure study with 
the site investigator assigning the final diagnosis 
[34]. Published reports of HCV-associated ALF 
are limited to case studies [35, 36]. In a provoca-
tive report from Kanzaki et al. [36], one subject 
received treatment with methylprednisolone for 
optic neuritis and presented 5  days later with 
fever and ALF.  Following liver transplantation, 
he was found to have HCV, and retrospectively a 
PCR test for HCV on pretransplant serum sug-
gested recent infection, suggesting the possibility 
of an acute HCV process.

15.7  Hepatitis D Virus

Hepatitis D virus (HDV) is a small, aberrant, 
RNA virus with a life cycle that requires HDV to 
be encased in a HBV surface antigen-positive 
coat. HDV infection can present either as a con-
comitant infection with HBV (coinfection) or as 
a secondary infection in a patient with chronic 
HBV (superinfection) [37]. Severe acute hepati-
tis or ALF occurs more commonly in HBV-HDV 
coinfected patients. HDV superinfection is more 
commonly associated with acceleration of 
hepatic fibrosis and cirrhosis, but ALF can also 
occur. HDV is endemic in many developing 
countries. HDV was found to be the underlying 
cause for a fulminant hepatitis previously known 
as Labrea hepatitis or black fever among indige-
nous people living in the Amazon basin [38]. In 
fulminant cases, serum levels of HDV antigen 
can be in the undetectable range with the only 

positive finding being positive nuclear staining of 
hepatocytes for HDV in infected individuals [37].

15.8  Hepatitis E Virus

Hepatitis E virus (HEV) is a single-stranded 
RNA virus with distinctive clinical phenotypes 
associated with the geographic distribution of 
HEV genotype [39]. A recent study has identified 
seven HEV genotypes, with only genotypes 1, 2, 
3, 4, and 7 known to infect humans [40]. In the 
absence of a known animal reservoir, HEV geno-
types 1 and 2 appear to infect only humans and 
are endemic within developing countries in tropi-
cal climates [39, 41]. HEV 1 is responsible for 
most cases in Asia, while HEV 2 is more preva-
lent in Africa and Central America. The virus is 
typically transmitted under conditions of poor 
sanitation via human fecal contamination of 
drinking water. HEV genotypes 3 and 4 infec-
tions are most common in developed countries 
and occur as a consequence of ingesting contami-
nated meat (e.g., pigs, rabbit, wild boar, deer), 
milk, or shell fish [39]. The clinical course is gen-
erally mild and often asymptomatic [39, 41] (see 
also Chap. 14).

Clinical features of HEV infections in endemic 
areas range from asymptomatic to acute liver 
failure. HEV-associated ALF was thought to be 
more severe among pregnant women [42]. 
However, a single-site study from India involving 
1005 participants with ALF of reproductive age 
challenged that dogma [43]. Investigators found 
that, among women of child-bearing age, HEV 
occurred more frequently in pregnant women 
compared to nonpregnant women (59.4% vs 
30.4%); however mortality was similar (53.8% v 
57.2%). Why pregnant women appear to be more 
susceptible to HEV-associated ALF than non-
pregnant women is unclear, but alterations in 
immune responses to HEV may contribute to 
these differences [44].

HEV rarely, if ever, causes acute liver failure 
in adults in the United States. A study by the 
ALFSG found that 294/681 (43.4%) participants 
tested positive for anti-HEV IgG, suggesting a 
previous exposure to the virus [45]. However, 
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while just 3/681 (0.4%) tested positive for anti- 
HEV IgM, all were HEV-RNA negative and had 
other putative diagnoses. Like hepatitis A, acute 
HEV infection can cause acute decompensation 
of a chronic liver disease. Unlike hepatitis A, it 
may also be associated with chronic hepatitis in 
immunocompromised patients [39].

Treatment proposals have included ribavirin 
either alone [46] or in combination with pegylated 
interferon [47], but treatment failure has been 
reported, and specific guidelines or recommenda-
tions are not established [48].

15.9  Herpes Simplex Virus

Herpes simplex virus (HSV) is transmitted to the 
newborn at or around the time of delivery. In up 
to 80% of cases, the mother is unaware or has no 
evidence of an active perineal infection with a 
high proportion of mothers acquiring the infec-
tion in the last trimester [49]. The majority of 
infants who acquire HSV in the newborn period 
have localized disease involving the skin, eyes, or 
oral cavity [50]. Disseminated disease, that often 
involves the liver and central nervous system, can 
occur in up to 20% of cases. Beyond the neonatal 
period, HSV is most commonly transmitted by 
sexual intercourse or oral sex with an infected 
individual. Disseminated HSV can develop in 
immunocompromised hosts and rarely in immu-
nocompetent individuals. Disseminated HSV-1 
and HSV-2 can result in ALF.

The clinical presentation of disseminated dis-
ease in the newborn typically begins within 3 to 
7 days after birth with nonspecific symptoms of 
poor feeding, lethargy, and fever leading to evi-
dence of multisystem dysfunction. Cutaneous 
lesions are often not present, and the presenting 
phenotype is similar to an infant with bacterial 
sepsis or a metabolic crisis. Outcomes are poor in 
HSV-associated ALF with death occurring in 
25% of cases [51].

In recent years, acyclovir is typically started at 
first presentation, along with broad spectrum 
antibiotics and other supportive care, and contin-
ued until HSV-PCR results of blood and/or spinal 
fluid are known. This approach avoids unneces-

sary delay in initiating potentially life-saving 
treatment [52]. A delayed or missed diagnosis is, 
unfortunately, more common among patients 
outside the newborn period [53]. Given its excel-
lent safety profile, acyclovir is also recommended 
in all patients presenting with ALF, particularly 
those with serum aminotransferase levels over 
750–1000 IU/L.

The PALFSG reported on 148 participants 
who were less than 90 days of age at enrollment. 
Data shows that HSV accounted for 12.8% of all 
cases of ALF in this age group making it the sec-
ond most common identified cause of ALF, 
behind gestational alloimmune liver disease 
(a.k.a. neonatal iron storage disease) [54]. While 
more common in newborns, ALF due to HSV 
occurs in children of all age groups [55, 56]. 
Because there is a specific treatment, HSV should 
be considered strongly as part of the diagnostic 
evaluation for PALF.  This is especially true in 
adolescents with ALF, who may or may not be 
known to be sexually active, even those without a 
known or suspected altered immune system.

Liver transplant has been successfully per-
formed in HSV associated ALF, even those with 
active viremia [51, 53, 57]. However, long-term 
sequelae such as seizures, developmental delay, 
and posttransplant death can also occur. It has 
been recommended that acyclovir be continued 
indefinitely following transplant given the risk of 
recurrence.

15.10  Enterovirus

The genus Enterovirus includes over 120 geneti-
cally distinct viruses [58]. All are transmitted 
enterally, as suggested by the name. They are 
associated with clinical manifestations that range 
from mild gastroenteritis to encephalitis, flaccid 
paralysis, cardiomyopathy, and liver failure. 
Species associated with human disease are 
grouped into four categories (A–D) based on 
genetic and clinical manifestations and include 
coxsackievirus, enterovirus, and echovirus. As 
newer viruses are identified and given the genetic 
overlap for many, a recent approach to simplify 
the taxonomy is to use “EV” followed by con-

15 Viral Causes of Acute Liver Failure in Children



204

secutive numbers. For example, EV-D68 was 
associated with a respiratory outbreak, and 
EV-A71 was found to cause outbreaks for hand, 
foot, and mouth disease.

Enteroviruses were found to account for 
34/139 (24%) sepsis-like events among neonates 
in Kuwait with the only death reported due to 
ALF [59]. Sundaram et al. found enteroviruses to 
be the second most common viral cause of ALF 
in newborns [54]. In a case series of 16 neonates 
with EV-associated ALF, myocarditis (n = 5) and 
encephalitis (n = 4) were complicating features 
[60]. While the case fatality rate reached 31% in 
this series, survivors appear to have had complete 
normalization of liver function and an absence of 
long-term sequelae.

Currently, there is no approved antiviral ther-
apy for enterovirus infections [61]. Results of a 
randomized, double-masked, placebo-controlled 
trial of pleconaril in neonates with EV sepsis 
recently reported a shorter time to a negative EV 
culture and PCR as well as a greater survival 
among pleconaril recipients [62]. While the per-
centage of deaths among EV-confirmed subjects 
receiving pleconaril (7/31; 23%) was lower than 
placebo (5/12, 42%), this did not reach statistical 
significance (p = .26). Newer antiviral therapies 
are being investigated [61]. Liver transplantation 
for EV-associated ALF has been reported in at 
least two patients; with posttransplant follow-up, 
only one had documented neurodevelopmental 
deficiencies [63, 64].

15.11  Adenovirus

Adenovirus (AV) is a common infection among 
healthy children manifested by self-limited upper 
and lower respiratory tract infections and pneu-
monia [65]. It is rarely associated with ALF in 
immunocompetent individuals. In a case series of 
143 children with a positive culture or direct fluo-
rescent assay, one immunocompetent child devel-
oped acute liver injury and was considered for 
liver transplantation. However, the child recov-
ered following treatment with cidofovir, and a 
liver transplant was avoided [65]. In another case 
report, a healthy 23-month-old, recently treated 

with trimethoprim/sulfamethoxazole (TMS) for a 
urinary tract infection, developed ALF and pan-
cytopenia following an upper respiratory infec-
tion due to AV cultured from a nasal swab [66]. 
While she recovered spontaneously, it is possible 
the child’s symptoms could have been related to 
drug toxicity from TMS.

More commonly, AV-associated ALF occurs 
in immunocompromised patients; particularly 
those who have received a solid organ or bone 
marrow transplant [67]. Children receiving che-
motherapy for leukemia or lymphoma are also at 
risk. Mortality rates are high among immuno-
compromised patients with AV-associated ALF, 
reaching 63% in some cases [67]. Having a high 
index of suspicion for early detection and treat-
ment with cidofovir offers the best chance for 
surviving this malicious virus [65, 68].

15.12  Cytomegalovirus

Cytomegalovirus (CMV) is associated with 
severe hepatitis and liver failure in patients with 
immunodeficiency or receiving immunosuppres-
sive medications. Less commonly, CMV can 
cause acute hepatitis, and rarer still acute liver 
failure, in immunocompetent individuals. Infants 
less than 12  months of age appear particularly 
vulnerable to invasive CMV disease [69].

Cholestasis and hepatosplenomegaly are com-
mon features [70]. CMV PCR testing can detect 
latent viral infection which makes PCR testing 
highly sensitive in detecting virus but much less 
specific in relating viral presence with the 
patient’s symptoms. Therefore, other measures 
are needed for reassurance that CMV is causing 
liver disease in a patient, such as serologic evi-
dence of a recent infection (e.g., positive CMV- 
IgM) or liver tissue with detectable CMV 
inclusions.

There are no specific guidelines for initiation 
of antiviral therapy for CMV liver disease. 
Patients can resolve their liver disease spontane-
ously without antiviral therapy, but ganciclovir or 
valganciclovir has been used at times with vari-
able success [70].
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15.13  Epstein-Barr Virus

Primary Epstein-Barr (EBV) infection is associ-
ated with a broad range of liver involvement. 
Virtually all individuals with EBV infection have 
at least mild elevation of serum aminotransferase 
levels [71]. Cholestatic hepatitis is less common 
and ALF is rare. EBV-related ALF was identified 
in 4/1882 (0.21%) adult subjects [72], while 
8/986 (0.8%) pediatric ALF subjects had a final 
diagnosis of EBV (unpublished). As with CMV, 
EBV-associated liver disease is more common in 
children receiving immunosuppression for solid 
organ or bone marrow transplant or with a pri-
mary immunodeficiency. Immunocompromised 
children naive to EBV are at risk at the time of 
primary infection, and those previously exposed 
to EBV are at risk for viral reactivation. However, 
immunocompetent children can also develop 
acute liver injury or liver failure.

Similar to patients with CMV, establishing 
EBV as the principal cause for liver injury requires 
not only detection of virus by EBV PCR tech-
niques but also serological evidence of current or 
recent viral infection and histological evidence of 
EBV hepatitis using Epstein-Barr-encoded RNA 
(EBER) in situ hybridization staining of liver tis-
sue [69, 72]. EBV-associated ALF occurs primar-
ily in older patients but has been identified in all 
age groups over 1 year of age. Liver transplanta-
tion has been performed successfully in EBV-
associated ALF [72].

EBV-associated hemophagocytic lymphohis-
tiocytosis is a multisystem inflammatory condi-
tion associated with multisystem organ failure, 
including ALF, and carries a high mortality rate of 
over 70% [73]. In addition to intensive care man-
agement to support failing organ systems, chemo-
therapy using corticosteroids, etoposide, and 
cyclosporine either alone or in combination has 
been used [74]. Combining the chemotherapeutic 
regime with rituximab may have added benefit 
[75]. Bone marrow transplantation may also need 
to be considered in some circumstances [76].

15.14  Human Herpesvirus-6

Human herpesvirus 6 (HHV-6) infects individu-
als of all ages, manifesting as exanthema subitum 
in infants and a mononucleosis-like syndrome in 
older children and adults [77]. The clinical illness 
is typically self-limited, and serological evidence 
of a previous infection is seen in the majority of 
adults. Reactivation of HHV-6 can occur follow-
ing immunosuppression with the implication that 
low levels of virus may be present for an extended 
period of time following primary infection [77].

Similar to other common ubiquitous latent 
viruses such as EBV and CMV, association of 
causality for an episode of ALF is challenging 
[69, 77]. Chevret et  al. found evidence of 
HHV-6  in liver biopsy specimens in pediatric 
subjects with ALF of indeterminate (5/6; 83%) 
and known cause that was not HHV-6 related 
(2/4; 50%) as well children with chronic liver dis-
ease that was either acutely decompensated (3/3; 
100%) or stable (2/10; 20%) [78]. This suggests 
HHV-6 may be associated with acute decompen-
sation of chronic liver disease and ALF of inde-
terminate cause. Alternatively, it may be present 
as a bystander from a previous infection. Given 
the small numbers and incomplete viral load data 
for most patients, further study is needed to 
assess causality in an individual patient. For indi-
viduals with evidence of HHV-6 pre-liver trans-
plant, up to 50% have recurrence of infection but 
appears to have no significant impact on long- 
term graft or patient survival [79].

15.15  Influenza A

Influenza A is a seasonal acute respiratory virus 
associated with prolonged fever, cough, anorexia, 
and myalgia. It is not typically associated with 
acute liver injury or liver failure. Whitworth et al. 
reported four pediatric cases of severe liver injury 
and liver failure associated with influenza [80]. 
All survived with their native livers. While none 
had toxic acetaminophen levels measured, all 
patients had chronic exposure to acetaminophen, 
which is a known hepatotoxin [81]. A liver biopsy 
in one patient had histologic evidence of central 
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lobular necrosis, a finding associated with acet-
aminophen toxicity, as well as microvesicular 
steatosis which is suggestive of a possible mito-
chondrial disorder. In a murine influenza model, 
investigators found clinical evidence of hepatitis 
with elevated serum aminotransferase levels and 
liver histology that revealed foci of inflammation 
that included antigen-specific CD8+ T cells 
accompanied by hepatocyte apoptosis, but no 
evidence of virus was detected in liver tissue 
[82]. The mechanism of influenza A-associated 
liver injury is likely multifactorial and includes 
acetaminophen exposure as well as an immune- 
mediated liver injury.

15.16  Dengue Virus

Dengue virus, an arbovirus transmitted by the 
Aedes mosquito, is endemic in tropical nations 
around the world. Also known as breakbone fever, 
symptoms can range from a mild self- limited ill-
ness to a severe form that includes hemorrhagic 
fever and shock [83]. The liver is particularly 
affected with some evidence of liver injury in the 
majority of patients. Serum aminotransferase lev-
els rise during the course of the illness and peak 
after 6–7  days of illness [84]. Therefore, early 
assessment of liver tests may not capture the even-
tual degree of liver injury or function. Progression 
to ALF is often, but not always, associated with 
shock, and patients with this degree of liver injury 
have a high mortality rate. Dengue-associated 
ALF occurs in all age groups, but children appear 
to be particularly susceptible as it is a major cause 
of ALF in children in Thailand and other Southeast 
Asian countries [83, 85]. The majority of cases of 
dengue reported from the United States are indi-
viduals with a recent travel history to an endemic 
area. However, and importantly, at least three 
cases of dengue have been locally acquired in 50 
states of the United States, with one death due to 
dengue- associated hemophagocytic lymphohis-
tiocytosis [86].

15.17  Parvovirus

Over 50% of adolescents and virtually all elderly 
individuals have evidence of a previous parvovi-
rus B19 (PV) infection. The virus requires aspects 
of the host’s cell replicating machinery and pre-
fers actively dividing cells, such as erythrocyte 
progenitor cells, for propagation. Most infections 
are subclinical, but diseases caused by PV include 
Fifth’s disease, arthropathy, transient aplastic cri-
ses, chronic anemia, hydrops fetalis, and congen-
ital anemia [87]. Mild elevations of serum 
aminotransferase levels can be seen in children 
with Fifth’s disease, but whether PV causes ALF 
remains uncertain [87].

Case reports and small case series have asso-
ciated PV with ALF. In a report of 48 children in 
India with ALF, 19 tested positive of PV mRNA 
in liver tissue. Survival was common among sub-
jects with only PV (6/19), while few subjects sur-
vived who were coinfected with hepatitis A, B, C, 
and/or E (3/13) [88]. However, the high preva-
lence of PV infection among children accompa-
nied by the observation that PV DNA can be 
found in the liver and other tissues months fol-
lowing an infection raises uncertainty as to the 
role of PV in causing ALF [87]. While there are 
reports of PV causing ALF-associated aplastic 
anemia [89, 90], other investigators have found 
that the prevalence of PV DNA in liver tissue was 
similar among patients with diverse diagnoses 
such as ALF, ALF-associated aplastic anemia, 
hepatitis B, and hepatitis C [91]. This suggests 
that finding PV DNA in liver tissue is not suffi-
cient to assign causality. A study in adults with 
ALF found no evidence of PV as a cause of ALF 
in North America [4].

15.18  Summary

Geography, patient age, and immunocompetency 
are the principal factors that influence prioritiza-
tion for viral testing in children with acute liver 
failure. Therefore a reasoned approach to diag-
nostic viral testing should be undertaken to avoid 
unneeded tests and, at times, confusing results 
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that can add more confusion than certainty rela-
tive to the actual diagnosis of ALF.

Together, hepatitis A, B, D, and E are the most 
common causes of ALF in poor or developing 
countries. Worldwide access to affordable vacci-
nation programs and potable water will signifi-
cantly decrease these deadly infections among 
vulnerable populations. Serologic evidence of 
HEV is increasing in developed countries, but 
confirmatory RNA testing is difficult to obtain 
and rarely present. Children in developed coun-
tries are at increased risk for HAV and HBV if 
they live in areas with low vaccination rates or 
live within an area where an outbreak has 
occurred. Dengue is endemic in tropical nations, 
but as tropical conditions encroach upon other 
areas of the world, such as the Gulf Coast of the 
United States, clinicians in these areas should 
maintain a heightened awareness of this potential 
pathogen. Interestingly, HCV is rarely, if ever, a 
cause of ALF in children, and other causes of 
ALF should continue to be pursued.

Herpes simplex virus and enterovirus tests 
should be performed on all children <3 months of 
age presenting with ALF and marked elevation of 
serum aminotransferase levels. High-risk popula-
tions for ALF due to HSV include neonates and 
infants <1 month of age, adolescents with a his-
tory of consensual oral or genital sex, and chil-
dren of any age who have been raped or sexually 
abused. In all these cases, acyclovir should be 
started at presentation and continued until testing 
for HSV is negative.

Children with an inherited or acquired immu-
nodeficiency who also experience acute hepatic 
decompensation should be tested for EBV, CMV, 
and adenovirus. Immunocompetent children typ-
ically develop mild clinical symptoms or a sub-
clinical infection with these agents, although case 
reports and case series identified individuals who 
developed ALF. The relatively high frequency of 
these viruses, as well as HHV6, PV, and influenza 
within a community accompanied by its rare 
association with ALF in immunocompetent chil-
dren, should prompt a continued search for other 
causes of ALF until a definitive viral cause is 
established, such as tissue confirmation (e.g., 
liver biopsy).
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Abstract
Viral hepatitis can be caused by infection with 
different viruses, including hepatitis A virus 
(HAV), hepatitis B virus (HBV), hepatitis C 
virus (HCV), hepatitis D virus (HDV), and 
hepatitis E virus (HEV). In this chapter, we 
summarized current treatments and new 
emerging therapies for viral hepatitis in gen-
eral, with a particular focus on chronic hepati-
tis B.  Acute hepatitis is most commonly 
managed with supportive care symptomati-
cally. Recently, chronic infection with HCV 
can be cured at a high efficacy with combina-
tions of antivirals via oral intake. Unlike HCV, 
eradication of HBV in chronic hepatitis B 
patients remains a challenge. We reviewed 
here recent advances of new strategies for 
HBV therapy, including the inhibition of viral 
entry, the destruction or silencing of HBV 
covalently closed circular DNA (cccDNA), 
and the approach of breaking immune toler-
ance. Combinations of different therapeutic 
strategies could improve the cure rate of 
chronic hepatitis B.

Keywords
Chronic infection · Combination therapy · 
Covalently closed circular DNA (cccDNA) · 

Hepatitis B virus · Immune tolerance · Viral 
entry

16.1  HAV

So far, there are no specific antivirals for HAV 
infection. Treatment for acute hepatitis A is 
mainly by supportive therapies symptomatically 
[1]. In most cases, infected patients can clear 
HAV spontaneously without persistent infection 
and recurrent liver damage. Formaldehyde- inac-
tivated HAV vaccine (Table  16.1) is effective 
against clinically apparent hepatitis A in recent 
decades [2–4]. In China and India, live attenuated 
HAV vaccines have been shown to be safe and 
highly protective against clinical infection in 
recent years [4–6]. Of note, potential inhibitors 
against HAV replication, such as JAK2 and sir-
tuin inhibitors, are also under active investigation 
[7, 8] (Table 16.2).

16.2  HCV

Infection with HCV often results in chronic 
infection. Interferon-based treatment at an early 
stage of HCV infection could help viral clear-
ance [12]. As shown in Table  16.1, IFN alpha 
combined with ribavirin treatment has been a 
major therapy for a long while [13]. However, 
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the effects on viral clearance and the sustained 
virological response (SVR) rate are variable 
between genotypes (gt) and populations. In 
2011, the first-generation direct-acting antivirals 
(DAAs), such as telaprevir and boceprevir, were 
introduced for HCV therapy. So far, DAAs for 
HCV can be divided into three classes based on 
their different targets of viral proteins: (a) 
NS3/4A protease inhibitors, such as telaprevir, 

boceprevir, simeprevir, asunaprevir, grazoprevir, 
and paritaprevir (of note telaprevir and bocepre-
vir were not FDA-approved given the side 
effects); (b) NS5B polymerase inhibitors, such 
as sofosbuvir and dasabuvir, and (c) NS5A 
inhibitors, such as ledipasvir, daclatasvir, velpa-
tasvir, ombitasvir, and elbasvir [14]. For exam-
ple, the combination treatment of velpatasvir and 
sofosbuvir for 12 weeks can cure up to 97–100% 
for all HCV genotypes, including gt 1a, 1b, 2, 3, 
4, 5, and 6 [15, 16]. Similarly, the cure rate of the 
combination treatment of grazoprevir and elbas-
vir is around 92–99% for gt 1a and 1b and near 
100% for gt 4 [17]. For further information about 
HCV therapeutics, please refer to many excel-
lent reviews in literature as well as Chap. 11 by 
Green and Murray.

16.3  HDV

There are no specific drugs for hepatitis D. PEG- 
IFN alpha treatment can facilitate viral clearance 
in chronic hepatitis D in 25–30% of patients 
(Table 16.1); however, PEG-IFN alpha treatment 
combined with adefovir has shown no improved 
efficacy [18–20]. Here, we summarized the new 
HDV prodrugs at the late preclinical or clinical 

Table 16.1 Conventional medicine for viral hepatitis

Treatments Vaccine
HAV Supportive care Available
HBV Interferon alpha/pegylated 

interferon
Available

Nucleos(t)ide analogs
HCV PEG-IFN and ribavirin Available

Direct-acting antivirals 
(DAAs)
  NS3/4A protease 

inhibitors
  NS5B polymerase 

inhibitors
 NS5A inhibitors

HDV Interferon alpha HBV vaccine
Supportive care

HEV Supportive care Phase IV 
clinical trials

Table 16.2 New emerging prodrugs for hepatitis A, D, and E

Drug name Mechanism/target Status References
HAV AZD1480 Host factor: JAK2 Cell models Jiang et al. [7]

Sirtinol Host factor: sirtuin Cell models Kanda et al. [8]
HDV Myrcludex B (pre-S1 

peptide)
Entry inhibitor Phases I–II NCT02888106a

NCT02637999
Rep 2139 HBsAg Phase II NCT02233075

NCT02726789
Lonafarnib Viral prenylation Phase II NCT02430194

NCT02430181
ALN- HDV RNAi Preclinical Koh et al. [9]
Pegylated interferon 
lambda

Immunomodulator Phase II NCT02765802

HEV Ribavirin Guanosine (ribonucleic) analog Phase IV NCT02558114
Sofosbuvir + ribavirin Nucleotide analog Cell models Dao et al. [10]
MPA (mycophenolic acid) Inosine monophosphate 

dehydrogenase inhibitor
Cell models Wang et al. [11]

Cyclophilins A and B The targets of cyclosporine A Cell models Wang et al. [11]
aIdentifier for ClinicalTrials.gov
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stage in Table  16.2. The potent new therapies 
include the entry inhibitor of HBV/HDV, HBsAg 
inhibitor, the prenylation inhibitor [9], and RNAi 
gene silencer specific for HDV and immunomod-
ulator (PEG-IFN lambda) [19]. So far, there is no 
vaccine available for HDV, but the HBV vaccina-
tion can be used for effective protection against 
HDV, a parasite virus of HBV.

16.4  HEV

Similar to other viral hepatitis, patients with 
acute HEV infection can clear the virus sponta-
neously after a certain period. In some rare cases, 
acute HEV infection could lead to severe liver 
failure and damage. Short-term treatment with 
ribavirin is safe and effective for acute HEV 
infection [21]. However, ribavirin treatment in 
pregnant women may increase the risk of still-
births, abortions, premature distribution, and 
maternal or fetal death [22]. Ribavirin treatment 
for severe acute HEV infection is being tested in 
Phase IV clinical trials (Table 16.2; https://clini-
caltrials.gov/ct2/show/NCT02558114).

Organ transplant patients with chronic hepati-
tis E can be treated in two steps. The first step is 
to reduce immunosuppression in these patients, 
which can help to clear virus up to 30% of 
patients [23]. Treatment with MPA (mycopheno-
lic acid; inosine monophosphate dehydrogenase 
inhibitor) and cyclosporine A (target at cyclo-
philins A and B) has also been shown to inhibit 
HEV replication [11] (Table 16.2). The second 
step is to use ribavirin for further treatment [23–
25]. Continuous treatment of ribavirin for 3 
months can achieve an SVR rate up to 78%, and 
extended treatment for 6 months can achieve an 
SVR up to 85% [26]. The in vitro combination 
treatment of ribavirin and sofosbuvir can signifi-
cantly increase the efficacy of HEV inhibition 
[10]. Combination treatment in vivo for HEV is 
still under investigation. Because HEV appeared 
to have an anti- interferon mechanism, treatment 
with type I, II, and III IFN should be carefully 
assessed [24]. A promising vaccine candidate for 
HEV is in Phase IV clinical trials in China and 

Bangladesh (https://clinicaltrials.gov/ct2/show/
NCT02584543; https://clinicaltrials.gov/ct2/
show/NCT02759991).

16.5  HBV

Similar to other viral hepatitis, acute HBV 
patients are treated with supporting care symp-
tomatically [27]. Most patients with acute HBV 
can recover spontaneously. At present, HBV vac-
cination is a well-established, safe, and effective 
practice worldwide. However, 5–15% of vaccine 
recipients are estimated to be nonresponders. For 
HBV chronic infection, there are two most com-
mon types of treatment (Table 16.1): interferon 
alpha (IFN-α) and nucleos(t)ide analogs (NAs; 
lamivudine, entecavir, emtricitabine, telbivudine, 
adefovir, and tenofovir) [28]. Long-term treat-
ment with NAs can frequently select for drug- 
resistant variants, and IFN treatment is notorious 
for its side effects [29]. In brief, current HBV 
therapy using either interferon or polymerase 
inhibitors (NAs) cannot cure HBV at a high effi-
cacy. Lifelong therapy with NAs is often needed 
to suppress HBV in patients who maintain a very 
low level of HBV DNA in the liver. It is therefore 
very important and urgent to develop new antivi-
ral therapies for chronic hepatitis B.

16.6  HBV Life Cycle

HBV is the smallest DNA animal virus, which 
replicates through a RNA intermediate. In HBV 
life cycle (Fig. 16.1), HBV attaches to the host 
cell surface and binds with its entry receptor 
NTCP (sodium taurocholate cotransporting poly-
peptide). After viral entry, HBV undergoes an un- 
coating step to remove its envelope proteins. 
Capsid particles containing the relaxed circular 
(RC) DNA genome can traffic to the nucleus and 
release the RC DNA.  In the nucleus, RC DNA 
can be converted into cccDNA (covalently closed 
circular DNA). This cccDNA form can serve as a 
template for viral mRNA transcription. It is very 
difficult to clear cccDNA from the nucleus of 
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infected hepatocytes. It is this cccDNA reservoir 
that is responsible for chronic hepatitis B [33]. In 
the cytoplasm, HBV core protein, polymerase, 
and the pregenomic RNA (pgRNA) can assemble 
into an icosahedral particle, where pgRNA can be 
reverse transcribed into an RC DNA genome. 
Mature capsids containing RC DNA can either 
traffic back into nucleus for more cccDNA ampli-
fication or assemble with envelope proteins for 
virion secretion (Fig. 16.1).

Persistent infection with HBV can cause 
liver inflammation, injury, fibrosis, cirrhosis, 
liver  failure, and hepatocellular carcinoma 
(HCC). Although the current antiviral therapy of 
chronic hepatitis B can reduce the risk of cir-
rhosis and HCC [30, 34], as mentioned earlier, it 
remains a challenge to eradicate HBV from 

patients. We summarized here new emerging 
therapies against HBV in Table 16.3. As illus-
trated in Fig.  16.1, potential antiviral targets 
include the inhibition of viral entry, formation 
of cccDNA, RNA interference, capsid assembly, 
virion secretion, and breaking immune toler-
ance in chronic carriers.

16.7  Viral Entry Inhibitors

HBV uses the viral pre-S1 domain of the large 
envelope proteins (LHBs) to bind with its entry 
receptor, cellular NTCP [56]. Pre-S1 peptide is 
an entry inhibitor shown to inhibit HBV and 
HDV infection in vitro [57, 58]. In a humanized 
mouse model, this pre-S1 peptide can inhibit 

Dane particles

e.g., pre-S1 pepatides;CsA

e.g., CRISPR/Cas9;
DSS; APOBEC3s

e.g., siRNAs, miRNAs,
HDAC inhibitors ?

Transcription

e.g., HAPs; PPAs

pgRNA

ssDNA

rcDNA

Translation
of HBc &

polymerase

Translation of
HBsAg

Recycle & cccDNA amplification 

e.g., Glucosidase inhibitors;
BST-2 agonists/ESCRT inhibitors?

MVB

e.g., Therapeutic vaccines;
TLR agonists; PD-1 mAb

NTCP

ER

GolgiHepatocyte

PD-L1

PD-1

CD8+ T cell
Viral entry

cccDNA formation& editing

Viral RNA

Capsid assembley

Morphogenesis & egress

Immune modulation

A(n) A(n)
A(n)
A(n)

A(n)

A(n)

A(n)

A(n)

Fig. 16.1 A cartoon illustration of six major potential 
targets in HBV life cycle for therapeutic research: (1) 
viral entry, by targeting at the cellular NTCP receptor or 
the viral preS1 ligand; (2) covalently closed circular 
(ccc) DNA, by genome editing or prevention from 
cccDNA biogenesis; (3) viral RNA, by RNA interfer-
ence or chromatin modification; (4) core particle (cap-
sid) assembly, by modification of capsid assembly and 
pgRNA encapsidation; (5) envelopment and virion 

secretion, by inhibiting morphogenesis and egress of 
virions; and (6) host immunity, by breaking the liver 
immune tolerance or by reactivation of innate or humoral 
immunity. The conventional interferon-α treatment and 
polymerase inhibitors are not included here [30, 31]. 
Abbreviations: CsA cyclosporine A, DSS disubstituted 
sulfonamide, HAPs heteroaryldihydropyrimidines, PPAs 
phenylpropenamides. (Reproduced with permission 
from Ref. [32])
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both HBV infection and intrahepatic virus 
spreading [59]. The studies of myristoylated pre- 
S1 peptide (Myrcludex B) for HBV patients are 
currently in Phase I–II clinical trials (Table 16.3; 
h t t p s : / / c l i n i - c a l t r i a l s . g o v / c t 2 / s h o w /
NCT02888106; https://clinicaltrials.gov/ct2/
show/NCT02881008). Cyclosporine A (CsA) is 
an FDA-approved immunomodulator. This com-
pound can serve as another entry inhibitor by 
blocking the interaction between HBV pre-S1 
peptide and NTCP [35, 36]. Recently, one study 
identified a new CsA derivative, which can selec-
tively inhibit HBV entry without the side effect 
of interfering with the NTCP transporter activity 
[37]. Furthermore, proanthocyanidin and its ana-
logs can directly act on LHBs and thus represent 
a new class of hepatitis B and D virus entry 
 inhibitors [60]. In addition to pre-S1 peptide and 
CsA, there are several other NTCP entry inhibi-
tors, including FDA-approved drugs (ezetimibe 
and irbesartan), bile acids (e.g., tauroursodeoxy-
cholic acid), and tricyclic polyketide [61–63]. In 
addition to directly targeting at the NTCP mole-
cule or the pre-S1 peptide, some drug candidates 
can reduce NTCP expression [63], such as reti-
noic acid receptor (RAR) antagonist 
(Ro41-5253).

Potential limitations of entry inhibitors need 
to be discussed. First, while entry inhibitors can 
strongly inhibit HBV reinfection [59], they can-
not eradicate viral cccDNA and persistent infec-
tion. Second, NTCP may not be the only receptor 
for HBV entry. For example, HepG2 cells 
expressing NTCP variant p. Ser267Phe (S267F) 
are resistant to in  vitro HBV infection [61]. 
However, HBsAg+ patients carrying the 
infection- resistant S267F allele of NTCP can be 
found in Asia [64, 65]. Therefore, a therapeutic 
strategy by targeting NTCP may not completely 
prevent HBV infection. Overall, while entry 
inhibitors alone may not be sufficient to eradicate 
cccDNA and abolish chronic infection, combina-
tion with other therapeutics merits further 
investigation.

16.8  Elimination of HBV cccDNA 
by Exogenous Nuclease 
Digestion

It is generally believed that cccDNA is the major 
reason for HBV persistent infection and drug 
resistance. To target cccDNA is one of the best 
strategies for HBV eradication. The approaches 
for cccDNA destruction could be by zinc finger 
nucleases (ZFNs), transcription activator-like 
effector nucleases (TALENs), and the clustered 
regularly interspaced short palindromic repeats 
(CRISPR)/Cas9 system [66]. For example, in a 
Phase I clinical trial of HIV infection, a ZFN was 
used to target HIV entry co-receptor CCR5 [67]. 
Both ZFNs and TALENs have been used to 
cleave the hepadnaviral cccDNA [68, 69]. 
Similarly, the CRISPR/Cas9 system has also 
been widely tested for HBV treatment [38–42]. 
In this genome editing approach, it is a good 
practice to design multiple target sites at evolu-
tionarily conserved regions among different 
HBV genotypes [41].

Despite the fact that genome editing is a fash-
ionable tool for research, it is not without limita-
tions. First, the direct or indirect effect of 
CRISPR/Cas9 treatment needs to be more care-
fully distinguished. In particular, the specificity 
of CRISPR/Cas9 is not perfect, and it is known 
for its low stringency in base pairing and frequent 
off-target effects [70, 71]. Can CRISPR/Cas9 
distinguish between integrated linear HBV DNA 
from episomal cccDNA? If not, host chromo-
somes could be cleaved and damaged at inte-
grated HBV DNA sites by CRISPR/Cas9  in 
HBV-infected hepatocytes. Clinical trials using 
ZFN to target CCR5 (the HIV co-receptor) are 
ongoing [67]. It is hopeful that ZFN- or Cas9- 
damaged chromosomes can be repaired timely 
and efficiently by host cells. Second, CRISPR-/
Cas9-resistant HBV variants could emerge from 
the selection by CRISPR/Cas9 treatment. 
Therefore, multiple sgRNAs targeting at multiple 
sites should be considered [72]. Of note, 
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CRISPR-/Cas9-resistant HIV mutants have been 
reported recently [73]. Third, the amount of 
cccDNA molecules should always be measured 
before and after CRISPR/Cas9 treatment. In 
addition to quantitative PCR assay, it is most con-
vincing if cccDNA can be characterized by 
Southern blot analysis. Fourth, in the in  vivo 
delivery of CRISPR/Cas9 and sgRNA to hepato-
cytes in the liver, the therapeutic efficacy also 
depends on the efficiency of the delivery vehi-
cles. Unless a very high percentage of infected 
hepatocytes can be transduced with CRISPR/
Cas9 in the liver, the therapeutic efficacy in vivo 
could be an issue. Fifth, it is unclear whether the 
naked form and minichromosomes of cccDNA 
can be equally targeted and cleaved by CRISPR/
Cas9. Different versions of Cas9 with improved 
features in genome editing are already around the 
corner [38]. It would be interesting to see whether 
new versions of CRISPR/Cas9 can circumvent 
all these issues in the future.

16.9  Epigenetic Silencing of HBV 
cccDNA Expression

The episomal cccDNA of hepadnaviruses was 
shown to exist as a minichromosome [74, 75]. 
Transcription of HBV cccDNA can be epigeneti-
cally regulated by cytokines and histone deacety-
lase (HDAC) inhibitors [76]. However, 
controversy over the effect of HDAC inhibitors 
on HBV replication needs to be resolved [77, 78]. 
Another controversy is about the correlation 
between cccDNA methylation and viral replica-
tion in chronic HBV patients [79, 80]. At present, 
it is unclear how the HDAC inhibitors could 
selectively affect the expression of cccDNA 
minichromosomes, but not the excessive back-
ground of host chromosomes. In fact, HDAC 
inhibitors are known to reduce platelet counts 
and for the side effect of reactivation of latent 
HSV or EBV [81, 82]. Unless these serious side 
effects can be properly managed, it may not be 
possible to repurpose HDAC inhibitors against 
cccDNA transcription in patients.

16.10  RNA Interference

Both siRNAs and miRNAs are new tools for gene 
silencing. In nature, miRNAs play important 
roles in development and diseases [83, 84]. At 
present, a number of siRNA and miRNA candi-
dates are being tested in clinical trials for human 
diseases [85, 86] (Table  16.3). For example, 
miRNA-122 is highly abundant in the liver and is 
required for HCV replication. Miravirsen is a 
drug that can deplete miR-122. In a clinical trial, 
miravirsen therapy effectively reduced HCV 
RNA levels in patients with no side effects and 
drug resistance [86]. Furthermore, patients with 
Crohn’s disease were treated with oral intake of a 
SMAD7 antisense oligonucleotide. These 
patients showed higher rates of remission and 
clinical response than the control [87]. In another 
human cancer clinical trial, miR-34 mimics are 
being tested as tumor suppressors [88].

ARC-520 is a cholesterol-conjugated siRNA 
drug against HBV [75]. It can significantly sup-
press viral expression and replication in cell cul-
ture and animal models [89]. A Phase IIa clinical 
trial reported that this drug was nontoxic, and 
treated patients displayed a reduced level of HBV 
surface antigen for nearly 2 months [90].

The replication of HBV can be inhibited by 
several cellular miRNAs, such as miR-130a [43], 
miR-125a-5p, and miR-199a [44]. MiR-130a 
was shown to target at PPARγ and PGC1α, which 
are important coactivators for HBV transcription 
[43]. It will be important to further demonstrate 
in animal models whether these miRNAs can 
inhibit HBV propagation.

16.11  Allosteric Modulators 
of Capsid Assembly

Two prototype capsid inhibitors include hetero-
aryldihydropyrimidines (HAPs) [91, 92] and 
phenylpropenamides (PPAs) [47]. Derivatives of 
these compounds are currently being tested in 
preclinical or clinical trials [46, 93]. GLS4 (mor-
phothiadin) is another derivative related to the 
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HAP compound BAY41-4109 but with greatly 
increased potency (IC50 or EC50) and signifi-
cantly reduced toxicity [45]. NVR-010-001-E2 is 
a stereoisomer of GLS4. These drugs cannot only 
interfere with pgRNA encapsidation leading to 
the formation of empty capsids but also affect 
capsid stability and morphology. It is relevant to 
know whether these capsid inhibitors can work 
across all HBV genotypes and whether drug- 
resistant variants will emerge after drug selec-
tion. In natural infection, HBc can assemble into 
icosahedral particles of either smaller (180-mer) 
or larger (240-mer) sizes [94]. It remains critical 
to know whether these drugs can target at both 
larger- and smaller-sized particles.

16.12  Inhibition of Virion Secretion

Another therapeutic strategy is to target virion 
secretion. Three examples can be cited here. 
First, HBV virions need HBsAg envelope for 
secretion. HBsAg is a glycoprotein. Endoplasmic 
reticulum (ER) is the factory for protein glyco-
sylation. Available compounds which can perturb 
glycosylation include α-glucosidase inhibitors 
[48], iminosugar derivatives, and related glyco-
lipids [49]. Indeed, inhibition of HBsAg glyco-
sylation can reduce egress of infectious virions 
[50]. Potential side effects of this type of com-
pound include gastrointestinal illness [49].

The endosomal sorting complex required for 
transport (ESCRT) is an important cellular 
machinery for the sorting and trafficking of ubiq-
uitinated cargos. In the second example, we focus 
on the ESCRT machinery [95]. Dominant- 
negative ESCRT mutants, such as VPS4, can 
hamper the secretion of HBV virions [51, 52]. 
Furthermore, treatment with siRNAs specific for 
a number of ESCRT factors can strongly down-
regulate HBV transcription and replication [51, 
53]. Recently, the ESCRT-0 factor HGS was 
shown to have a dual role in silencing HBV RNA 
transcription and promoting the release of naked 
capsids [53]. By HGS co-transfection, HBV 
exhibited a significantly reduced level of nucleo-
capsids and secreted virions [53]. In addition, 
α-taxilin was shown to be important for HBV 

virion secretion [96]. In brief, these host factors 
and the ESCRT machinery are promising targets 
for developing virion morphogenesis inhibitors.

The third example is BST-2/tetherin. This is an 
IFN-inducible host factor. BST-2/tetherin can 
restrict viral morphogenesis and secretion, such as 
HIV [97]. Three recent reports demonstrated that 
tetherin can also restrict HBV virion secretion, 
albeit their reported efficiencies are different [98–
100]. At present, part of the tetherin protein struc-
ture is known [101], and this could provide an 
opportunity for a bioinformatics- based drug 
research. In theory, tetherin agonists could reduce 
the amount of virions in the blood circulation. 
Overall, virion release is a druggable target, which 
can be further developed by interference with 
envelope protein glycosylation, ESCRT machin-
ery, or enhancement of tetherin/BST-2 restriction.

16.13  Immunotherapy 
by Therapeutic Vaccination

T cell exhaustion has been considered as a pri-
mary cause for the lack of viral clearance in the 
liver chronically infected with HBV [102]. The 
main goal of immunotherapy is to refresh the tol-
erant host immunity and restore an effective level 
of the HBV-specific T cell population. To this 
end, one approach is to treat chronic carriers with 
therapeutic vaccines [103]. In Phase I clinical 
studies, therapeutic vaccination yields no satis-
factory outcome in terms of HBeAg seroconver-
sion rate or the reduction of viral DNA titers 
[104, 105]. While the heterologous prime-boost 
vaccination can induce a potent T cell response 
[106], it is equally important to have a sustained 
level of cytotoxic T lymphocytes (CTL) in the 
liver. In this regard, it is noteworthy that aggre-
gates of CD11b + myeloid cells could contribute 
to the maintenance of HBc-specific CTLs in the 
liver [107].

In a cohort of lamivudine-treated Caucasian 
patients, good therapeutic efficacy was obtained 
by using combined DNA vaccine containing a 
mixture of various HBV ORFs and immunomod-
ulator IL-12 [108]. The rationale for the inclusion 
of IL12 is because it is an important cytokine for 

16 Emerging New Therapies for Viral Hepatitis



220

survival and differentiation of HBV-specific 
CTLs [109]. In a Phase I trial of adefovir-treated 
Korean patients, however, a further modified 
DNA vaccine exhibited a weak response [110]. 
Another Phase III clinical trial was conducted by 
using the alum adjuvant and an HBsAg-HBIG 
complex. Again, the efficacy needs further 
improvement [111]. Additional clinical trials of 
therapeutic vaccines can be cited such as the 
Phase II–III trials with ABX203 and nucleos(t)
ide analogs in HBeAg-negative chronic carriers 
( h t t p : / / c l i n i c a l t r i a l s . g o v / c t 2 / s h o w /
NCT02249988), the Phase I trial with INO-1800 
regimens in entecavir and/or tenofovir-treated 
carriers (http://clinicaltrials.gov/ct2/show/
NCT02431312), and the Phase I trial with 
TG1050 in tenofovir or entecavir-treated carriers 
( h t t p : / / c l i n i c a l t r i a l s . g o v / c t 2 / s h o w /
NCT02428400). Given such active clinical 
research on therapeutic vaccination, it is hopeful 
that one can soon achieve the goal of breaking the 
immune tolerance in HBV chronic carriers.

16.14  Immunotherapy 
Against Immune 
Checkpoints

Treatment of cancer patients with an antibody 
specific for PD-1 (programmed cell death-1) has 
been shown to break immune tolerance [112]. 
This PD-1 blockade approach can restore virus- 
specific CD8 T cells in inactive HBV carrier 
patients [113]. Similarly, a sophisticated combi-
nation therapy was conducted using a woodchuck 
model chronically infected with woodchuck hep-
atitis B virus (WHV) [55]. The WHV titer in 
these woodchucks was first reduced by treatment 
with entecavir for 7 months. Therapeutic vacci-
nations were conducted repeatedly by injecting 
plasmid DNA-expressing WHV core and surface 
antigens at around 3 months after entecavir was 
initiated. Finally, an anti-PD-L1 antibody was 
administered three times on week 24. This triple 
combination approach produced encouraging 
results in some of the treated woodchucks, 
including WHsAg seroconversion, disappearance 
of serum WHV DNA, and an increased level of 

WHV core antigen-specific CD8 T cells. It 
remains to be investigated whether other immune 
checkpoint molecules, such as Tim-3 [114], 
CD244/CD48 [115], CTLA-4 [116], and the Axl 
pathway [117], can also serve as druggable tar- 
gets for immunotherapy.

Despite the encouraging result from this 
woodchuck therapy, several issues need to be 
addressed. First, is WHV cccDNA still detectable 
in the hepatocytes of seroconverted woodchucks? 
Second, how can the therapeutic efficacy be 
improved? Finally, what could be the mechanism 
behind this PD-1/PD-L1 blockade leading to the 
evolution from immune tolerance to immune 
clearance? What could be the mechanism for the 
reactivation or repopulation of HBV-specific 
CD8 T cells? Does the rejuvenated immune 
clearance involve any other arms of the innate or 
adaptive immune systems [118]? In addition to 
the reported adversary effects, such as pneumoni-
tis, liver injury, and endocrine dysfunction [119], 
can the treatment with anti-PD-1/PD-L1 anti-
body induce fulminant hepatitis after breaking 
the tolerance? One caveat here is to first reduce 
viral titers to low levels, prior to combination 
treatment with the antibody specific for immune 
checkpoints. The concept here is that immune- 
mediated liver injury needs to be “optimized” for 
safety and viral clearance.

16.15  Other Immune Modulators

With one exception of TLR2, most ligands for 
TLRs could inhibit HBV replication in the HBV 
transgenic model [120]. Therefore, endogenous 
IFN can be induced for viral clearance by inject-
ing TLR ligands [121, 122]. The notorious side 
effect of IFN therapy is likely due to the nonse-
lective systemic exposure to exogenous IFN. TLR 
agonists can be given by the oral route and thus 
can be more restricted to the liver and gut, instead 
of the whole body. For example, oral intake of 
GS-9620, a TLR7 agonist, can decrease HBV 
DNA and protein markers in both serum and liver 
in a chimpanzee model [123]. In another exam-
ple, GS-9620 increased the numbers of immune 
cells and enhanced IFN response and seroconver-
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sion rate to anti-WHsAg status in the woodchuck 
model [124]. There is so far no reported toxicity 
of GS-9620. Agonists for other TLRs can also 
increase innate immunity and decrease viral titer 
[125]. GS-9620 is now in Phase II clinical trials 
( h t t p s : / / c l i n i c a l t r i a l s . g o v / c t 2 / s h o w /
NCT02579382; https://clinicaltrials.gov/ct2/
show/NCT02166047).

In addition to activating innate immunity via 
exogenous ligands, therapeutic cytokines, includ-
ing IL-7, IL-12, and IL-21, can be another option 
for immunotherapy. IL-7 is important for the 
development of B cells, T cells, and dendritic cell 
subsets. Treatment of chronic hepatitis B patients 
using human IL-7 (CYT107) is ongoing in a 
Phase I–II clinical trials (http://www.clinicaltri-
als.gov/ct2/show/NCT01027065). IL21 has 
pleiotropic functional roles in B cell differentia-
tion, virus-specific antibody production, and 
maintenance of CD8+ T cell homeostasis [126]. 
Phase I and II clinical trials of IL-21 are still 
ongoing in cancer patients [127], and if success-
ful, IL-21 therapy may be extended to clinical tri-
als of hepatitis B patients [128]. There is no doubt 
that more therapeutic cytokines will be available 
in the near future.

16.16  Other Therapeutic Strategies 
in Development

A number of potential drug targets are still at 
their infancy for drug development. For example, 
β-thujaplicinol and hydroxylated tropolones are 
inhibitors for ribonuclease H of HBV genotypes 
B, C, and D [129]. Additive and synergistic 
effects were observed, when these RNase H 
antagonists were used in combination with other 
inhibitors. Similarly, the potential to block 
cccDNA formation has been evaluated. Two sul-
fonamide compounds were reported to be inhibi-
tors for cccDNA production [130]. Another 
example, the conversion from rcDNA to cccDNA, 
was inhibited by depletion of the endogenous 
TDP2 (tyrosyl-DNA-phosphodiesterase) [131, 
132]. By inducing cytidine-to-uracil hypermuta-

tion, APOBEC (apolipoprotein B mRNA editing 
catalytic polypeptide) can suppress HBV replica-
tion [133]. It is therefore natural to ask whether 
APOBEC3 agonists, such as IFN-α and 
lymphotoxin-β receptor agonists, could selec-
tively inactivate cccDNA by inducing extensive 
editing [134–136]. Two caveats here are as fol-
lows: (1) APOBEC-induced mutations could pro-
mote the occurrence of immune escape or 
drug-resistant HBV variants; and (2) the host 
genome could be injured by potential off-target 
effect of APOBEC. Lastly, the intracellular loop 
of cccDNA amplification and capsid recycling 
can be drug targets for further research [137, 
138]. Overall, these emerging new strategies are 
based on new targets against HBV persistence.

16.17  Summary

Current HBV treatment cannot cure or eradicate 
virus from patients. Alternative approaches need 
to be invented [103, 139, 140]. We summarized 
the current status of emerging new strategies in 
HBV therapy (Fig.  16.1). For entry inhibitors, 
significant progress has been made in developing 
a new derivative of cyclosporine, which can 
uncouple the desired antiviral effect from the del-
eterious effect on NTCP-mediated bile salt trans-
port [37]. It is also encouraging that a new 
antiviral proanthocyanidin and its analogs can 
directly act on the preS1 domain of LHBs, instead 
of the cellular NTCP [60]. To target the preexist-
ing cccDNA in patients, the current approach 
includes the digestion or modification of cccDNA 
(CRISPR-/Cas9- or APOBEC-edited) and the 
prevention of de novo cccDNA formation. As for 
breaking immune tolerance, promising strategies 
include TLR agonists, therapeutic cytokines, and 
therapeutic vaccination. Most likely, combina-
tion therapy for HBV should deliver a higher cure 
rate than monotherapy [141, 142]. Given the 
highly active research in the control and eradica-
tion of HBV in academia and industry, there is 
good reason to be hopeful that a cure or a func-
tional cure will be possible in the near future.
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