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Preface

Hepatitis is inflammation of the liver that can result from a variety of causes such
as heavy alcohol use, autoimmune disease, drugs, or toxins. However, the most
frequent cause of hepatitis is a viral infection, known as viral hepatitis.

Acute hepatitis is self-resolving in most cases but can cause fulminant liver failure
depending on the etiology. In contrast, chronic hepatitis can cause liver damage that
includes liver fibrosis, cirrhosis, hepatocellular carcinoma (HCC), and features of
portal hypertension leading to significant morbidity and mortality.

Worldwide, hepatitis B and hepatitis C viruses (HBV and HCV) are the most
relevant causative viral agents of chronic hepatitis (inflammation of the liver). At
present, more than 250 million people suffer from a chronic HBV infection globally,
resulting in 0.8 million deaths per year.

Chronic HCV infection accounts for about 70 million cases worldwide, leading to a
death toll of about 1 million per year. An approved vaccine is only available against
an HBV infection.

Both HBV and HCV infections result in a highly increased risk of developing liver
fibrosis, cirrhosis, and HCC. This book describes the mechanisms of HBV and
associated pathogenesis.

The book’s focus is on the interplay between chronic infection with intracellular
signaling transduction, metabolic pathways with an emphasis on lipid metabolism,
the establishment of liver fibrosis and cirrhosis during chronic infection, and the
mechanisms of the onset of virally induced HCC.

Despite there being great advances in the characterization of viral life cycles and the
development of robust antiviral strategies, significant hurdles persist in gaining a
better understanding of the mechanisms that drive virus-associated pathogenesis

as well as increasing insights regarding different viral genotypes having impacts on
alternate pathogeneses.

The first experimental vaccinations against HBV were performed in 1970, even
before the nature of the administered “Australia antigen” was known. Soon, it was
realized that this antigen was the envelope protein (HBV surface antigen, HBsAg),
and it was purified from HBV-containing human plasma. Later, it was produced in
genetically engineered yeast cells.

The excellent efficacy of the HBsAg vaccine was confirmed in numerous studies,
particularly in newborns from HBV-infected mothers who almost always become
chronic HBV carriers without vaccination. The vaccine is also highly effective in
older children and adults and has been applied worldwide since 1984, leading to
about a tenfold decrease in HBV infections in the vaccinated.



Chronic HBV infection is one of the most common factors associated with HCC,
which is the sixth most prevalent cancer among all cancers worldwide. However, the
pathogenesis of HBV-mediated hepatocarcinogenesis is unclear. Evidence currently
available suggests that the HBV core protein (HBc) plays a potential role in the
development of HCC, such as the HBV X protein.

The core protein, which is the structural component of the viral nucleocapsid,
contributes to almost every stage of the HBV life cycle and occupies diverse roles in
HBV replication and pathogenesis.

Recent studies have shown that HBc was able to disrupt various pathways involved
in liver carcinogenesis, including the signaling pathways implicated in migration
and proliferation of hepatoma cells, apoptosis pathways, and cell metabolic
pathways inducing the development of HCC, and the immune system, through
the expression and production of proinflammatory cytokines.

The future of a cure for HBV lies in triple combination therapies with concerted
action on replication inhibition, antigen reduction, and immune stimulation.
Many obstacles remain, such as overcoming translational failures, choosing the
right endpoint using the right biomarkers, and leveraging current treatments in
combination regimens to enhance response rates.

In this book, the authors present current therapies for CHB, HBV biomarkers used
to evaluate treatment response, and the development of direct-acting antivirals
(DAAs) and immune-targeting drugs and discuss the limitations and unanswered
questions on the journey to an HBV cure.

Luis Rodrigo MD

Professor,

Emeritus Professor of Medicine,
University of Oviedo,

Oviedo, Spain
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Chapter1
Epidemiology of Hepatitis B Virus

Cibangu Katamba and Onoya Onaluwa Philippe

Abstract

Hepatitis B virus (HBV) is a double-stranded DNA hepadnavirus. It is an
important cause of acute 5and chronic hepatitis and hepatocellular carcinoma.
Worldwide about 2 billion people show serological evidence of exposure and about
400 million have active infection. High prevalence areas include sub-Saharan
Africa, China, and southeast Asia. HBV was known at onset as the etiology of what
is called “serum hepatitis”, this is the most common form of viral hepatitis trans-
mitted parenterally. It is also a cause of both acute and chronic hepatitis of great
significance. Hepatitis B virus has an incubation period that varies between 1 and
6 months. The clinical features of acute infection resemble those of the other viral
hepatitides. Death from fulminant hepatitis occurs in about 1%. Following acute
infection, there is either complete recovery (with long-term immunity) or persis-
tent infection. The latter occurs in 5-10% infected adults, 30% infected children
and 90% infants infected at birth; it is more common in the immunocompromised.

Keywords: hepatitis B, viral hepatitis, epidemiology, incidence, prevalence,
distribution

1. Introduction

Hepatitis B Virus (HBV) is a double-stranded DNA hepadnavirus. Itis an
important cause of acute and chronic hepatitis and hepatocellular carcinoma.
Worldwide about 2 billion people show serological evidence of exposure and about
400 million have active infection. High prevalence areas include sub-Saharan
Africa, China, and Southeast Asia [1, 2].

HBV has remained a public health issue of global concern in the presence of
multiple efforts to eradicate this viral disease through individualized and mass
screening, education, and immunization programs [3]. The current estimates have
shown that about 400 million individuals throughout the world have chronic HBV
infection [1, 3]. Those infected with HBV have 15-40% risk of developing com-
plications such as cirrhosis, hepatic failure, or hepatocellular carcinoma (HCC);
and 15-25% of them have the risk of death from related HBV liver disease. About
60-80% of people are diagnosed with HCC and 500,000-1.2 million people die
every year due to chronic HBV infection. It is established that HBV infection is the
10th leading cause of death globally.

HBV was known at onset as the etiology of what is called “serum hepatitis”,
this is the most common form of viral hepatitis transmitted parenterally. It is also
a cause of both acute and chronic hepatitis of great significance [4]. Hepatitis B
virus has an incubation period that varies between 1 and 6 months. The clinical
features of acute infection resemble those of the other viral hepatitides. Death from
fulminant hepatitis occurs in about 1%. Following acute infection, there is either
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complete recovery (with long-term immunity) or persistent infection. The latter
occurs in 5-10% infected adults, 30% infected children and 90% infants infected at
birth; it is more common in the immunocompromised.

The prevalence of HBV infection varies widely [1-7], with rates ranging from
0.1-20% in different parts of the world. There is high prevalence of hepatitis B
surface antigen (HBsAg) positivity rates above 8% in areas of high viral infection
endemic prevalence such as the Far East, Sub-Sahara in Africa, the Amazon basin,
and some parts of the Middle East. In these settings, there is presence of serologic
evidence of prior hepatitis B virus infection anti-hepatitis B core antigen in most
cases: positive anti-HBc or anti-HBs. Regions such as India, Japan, Middle East,
Eastern & Southern Europe, parts of central Asia and south America are areas
with intermediate chronic HBV infection prevalence (2-7% positive HBsAg).

The regions with low chronic HBV infection prevalence (below 2percent posi-

tive HBsAg) include the USA, Australia, Southern South America, and Northern
Europe. Throughout the world 45% of the global population live in high prevalence
areas generally. People immigrating from high to low endemic regions have shown
patterns that have a greater impact on the epidemiology of HBV; e.g., Migration of
individuals from countries in South East Asia resulted in increased prevalence of
chronic hepatitis B in the USA.

2. Modes of transmission of hepatitis B virus

We have two major modes of transmission of hepatitis B virus in the world [1-3]:
perinatal and horizontal transmissions. The perinatal transmission occurs during
child delivery from infected mothers to their babies, this mode of spread accounts for
the majority of transmissions in the world. The second mode is horizontal transmis-
sion, that can occur through open wounds (cuts and scratches), blood transfusion,
poor infection prevention practices to curve blood-borne infections in health facili-
ties, sexual transmission and risky health behaviors such as piercing of the body,
unsafe drugs injection, body tattoos and scarification using unsterilized instruments
& other equipment. Developing chronic hepatitis B virus infection depends on the
mode of spread of the virus, as the risk decreases with age at infection for susceptible
individuals. About 90% of infections acquired during perinatal period will become
chronical. Up to 20-60% of under 5 infections (1 to below 5 years of age) and 5-10%
of adults and older children will develop chronic HBV infection.

Hepatitis B virus can be found in body fluids such as blood, saliva, vaginal fluids
and menses, semen; and in less amount in breast milk, perspiration, urine, tears
of infected people. HBV is easily spread through contact with body secretions, the
virus resists to breakdown and can live long outside the human body. Heterosexual
& other sexual activities and unsafe use of drugs by people who inject drugs
account for most transmissions of the virus in regions with low prevalence.

Vertical or perinatal transmission of HBV is commonly observed in countries in
the Far East Asian and Oceania regions. Mothers with high viral load have higher
chances of transmitting the virus to their new born. Infection during child birth
occurs in 5-20% of babies born to HBsAg positive, HBeAg-negative women. While
most perinatal infections occur in babies born to chronically infected mothers,
those with acute HBV infection in the 3rd trimester are also very likely to transmit
the virus. Only less than 2% of perinatal transmissions occur in-utero.

The horizontal transmission during early childhood is significant in some
regions in particular Sub-Saharan Africa, Alaska, and the Mediterranean, where
perinatal transmission is less common as compared to Asia. There is lower preva-
lence of positive HBeAg correlates in mothers with less efficient spread during child
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birth. Nonetheless, by the time the child is 10 years old, about 90% of children
in rural Sub-Saharan regions of Africa will show evidence of past exposure to the
virus. In the same population, HBeAg wean off in early in contrast to Asians, and
most of them are HBeAg-negative by the reproductive age.

There is a possibility that these observations in epidemiologic variations are sec-
ondary to genotypic differences in hepatitis B virus. The accurate mode of spread in
early childhood is not known, it is however thought that it occurs through blood and
body secretions (not apparent) from family members or peers/playmates that inocu-
late the virus into cuts (scratches or abrasions) to the skin or other mucosal lesions.

The laboratory tests specific for HBV have revealed the fact that transmission
through blood and blood products, and parenteral transmissions seem to be espe-
cially blood related. It is however important to note that infectivity does not solely
appear by blood-to-blood contact. It has been observed that certain experimenta-
tions render the viral transmission by mouth is ineffective. The infection may be
endemic in semi-closed and closed settings and mentally handicapped facilities. It is
more common in urban settings among adults and those living in deprived socio-
economic states. Marked differences can be observed for the infection prevalence
and the carrier states in various geographical areas and between people with differ-
ent ethnic and socio-economic statuses.

Enough evidence exists to show the transmission of HBV by intimate and sexual
contacts. People who are sexually promiscuous, especially those active homosexual
males who change partners regularly, have very high chances of acquiring hepatitis
B virus infection. The surface antigen for HBV has been detected in blood and
various body secretions like semen, menses and vaginal fluids, saliva, breast milk
(including colostrum) and serous fluids. These body fluids have been implicated
in the transmission of the virus. Therefore, hepatitis through contact is of major
importance. The virus may be accidentally transmitted from inoculation of small
amount of blood or fluids contaminated with blood during medical or surgical
interventions, vaccination with inadequately sterilized equipment such as needles
and syringes, drug-injections, tattooing, piercing of ear and nose, acupuncture,
razors, shared toothbrushes, towels and other linens contaminated with blood.
Other factors related to transmission in specific climates in the tropics and warn-
countries are important to note; including ritual circumecision, blood-letting,
repeated bites by bloodsucking arthropod vectors, traditional tattooing and scarifi-
cation. However, findings on the role which biting insects play in the transmission
of HBV are conflicting. HBsAg has been detected in multiple species of mosquito
and bedbugs either trapped in the wild or fed experimentally on infected blood in
laboratories. No convincing outcome for replication of hepatitis B virus in insect has
been shown. Also, there is no evidence in epidemiology for mechanical transmis-
sion of HBV by insects.

HBsAg has been reported present in feces, urine and bile, often as a result of
blood contamination. HBV is not known to be transmitted through fecal-oral
mode and urine. Urine is not infectious unless it is blood contaminated. There is no
evidence to show airborne transmission of the infection. Clustering of HBV can be
seen in family settings but this is not associated with genetic factors and does not
imply venereal or maternal transmission. The mechanisms of HBV intrafamilial
transmission is yet to be established.

3. Donation of tissues and blood

As astandard of care, blood donors are now universally screened for hepatitis B
with HBsAg test [1]. This had markedly reduced the risk of infection transmission
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through transfusion. Countries around the world with negligible prevalence have
also added anti-HBc tests to detect chronic carriers with low viral load who may not
be detected with HBsAg test. These two tests decrease HBV infection rates to about
2.5-15.3 per million units of blood in settings with low prevalence rates. Developed
countries like Canada, USA, Australia, Japan, etc. perform other more sensitive
tests/nucleic acid tests additionally. However, the benefits in terms of incremental
yield and other clinical advantages of nucleic acid tests over rapid tests (serologic)
in these regions with low HBV prevalence, and the need for additional serologic
tests, has not been established. Since about 90% of adults individuals have serologic
evidence of ongoing or past HBV infection, anti-HBc is not to be used as a screening
test in settings with high burden of hepatitis B. Therefore, in these settings, HBsAg
is the only screening test being used. Nevertheless, in these settings, occult hepatitis
B is seen in 3-30% of people with positive HBc and negative HBsAg. We now know
that HBsAg-negative, positive hepatitis B DNA blood carries about 10% risk of
transmission. In Taiwan, the risk of transmission of Hepatitis B infection through
transfusion was approximated recently to be 100 per million units, with donor
screening strategy using HBsAg test alone. This means that it is 7-40 times higher
than in settings with low prevalence. The nucleic acid tests had a yield estimated

to be at least 20 times higher in settings with high prevalence as compared to those
with low prevalence, where it is currently in use. This has rendered it more cost
saving per infection averted in these settings. Anti-HBc screening test is strategy

is more cost-effective compared to nucleic acid tests in areas with lo prevalence
despite the potential role of nucleic acid testing in these areas. The sensitivity and
specificity of nucleic acid tests vary in most high prevalence settings. There is need
to develop newer HBsAg assays with improved sensitivity to address this issue.

The other potential spread of occult or subclinical hepatitis B virus is from
tissues and organs donation. Undetected viral load at time of tissue donation may
be more frequent among tissue donors than blood donors according to estimates. To
prevent infection following tissue or organ transplant, the easiest way is to exclude
HBc-positive donors. This approach may not be practical in settings with high
prevalence where most people have prior exposure to the virus. Consequently, the
nucleic acid test is good additional measure to screening strategies for tissue donors
to reduce the chances of transmission. The challenge, however, remains to reduce
the turnaround time for results of nucleic acid test performed in clinical transplant
facilities.

4. Mother to child transmission

HBV can be transmitted to infants born from carrier mothers during child labour
and delivery. This is the single most important factor that determines the prevalence
of HBV infection in some settings, especially the Southern parts of Eastern Asia and
China. The chances of acquiring HBV infection in infant may approximate 90%
and seem to be associated with ethnic groups. Pediatric infections are particularly
important because a big number of these infants will be carriers. Hepatitis B infec-
tivity is directly associated with the presence of high titres of HBsAg and/or HBeAg
in the mother’ blood stream. About95% of new born babies are infected around
delivery time when HBeAg is present in their mother’ circulation. The prevalence
of HBeAg among mothers who carry the virus as well as mother to child’ infectivity
varies significantly in various settings and ethnic groups.

In South-East Asia, about 30-50% of HBsAg carrier mothers also carry HBeAg
in their circulation. Perinatal transmissions are estimated to account for about
50% of the carriers in this population. These infections are frequent in babies born
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from mother of West Asian and Afro-Caribbean decent. In the contrary, Caucasian
women present fewer perinatal transmissions and carrier states. Mother to child
transmission of infection and the carrier state patterns are different in regions such
as Africa, where HBeAg is less common in carriers and the infection to their babies
is frequently seen during the first 5 years of life resulting in horizontal transmis-
sion. The transmission of hepatitis B infection to infants born from non-carrier
women by contact with other playmates who are infected from their carrier mothers
is another mode of spread of the virus.

The considerable risk of hepatitis B infection during perinatal period from
mothers with acute HBV infection is possible, especially during the 3rd trimester
or within 2 months post-delivery. Transmission in-utero is not common, since HBV
does not cross the intact placenta and the limited number of intrauterine infections
are probably due to maternal blood leakage into the fetal blood stream associated
with a tear in the placenta.

The exact mechanism of infection during perinatal period is not known but it
is probable that this happens during delivery or shortly after birth due to maternal
blood leakage into the fetal blood stream or the ingestion/inadvertent inoculation of
maternal blood into the baby’s circulation. The majority of infants infected during
labour and delivery become chronic carriers.

HBeAg is a serologic marker for hepatitis B DNA viral load. Infections during
perinatal period occur almost always in mothers who are positive for hepatitis B
but can also occur in women who have very high viral load, hepatitis B virus DNA
greater than 200,000 IU/ml in their blood. If the child is not immunized, his/her
risk of acquiring hepatitis B virus during delivery is almost 100% when the mother
has a positive HBeAg. The famous Taiwan study by Palmer Beasley as reported by
Zuckerman [1] in the 1970s when there was no vaccine available showed that 85% of
positive HBeAg mothers had their babies developing chronic infection vs only 32%
of the negative ones. There is an approximated 90% risk of infants who acquired
infection during perinatal period becoming chronically infected.

To reduce mother to child transmission of hepatitis B virus, incorporating the
birth immunization dose into the HBV immunization schedule is the most effective
strategy. This dose, if followed by two more doses, can significantly reduce the preva-
lence of chronic infection in babies born from positive HBeAg mothers by about
90%, and by about 100% from negative HBeAg mothers. The birth dose is particu-
larly important in in settings were an important proportion of mothers with posi-
tive HBsAg and positive HBeAg at the same time. Such settings include the Pacific
Islands, South East-Asia, and China. In these regions, if the birth dose is missed, HBV
vaccine’ effectiveness could reduce to about 50-75%. In other areas of the world such
as Sub-Sahara in Africa, and Russia where less than 25% of pregnant mothers with a
positive HBsAg have also positive HBeAg, the consequences of missing the birth dose
are still significant but not as severe. The expended immunization program should
include a dose of hepatitis B immunoglobulin at birth to babies born to mothers with
positive HBsAg. This has the potential to reduce further the chances of transmission
to below 5%. A randomized controlled trial by Beasley et al. demonstrated that the
birth dose of hepatitis B immunoglobulin administered to babies born to mothers
with both positive HBsAg and HBeAg lead to only 6% of these babies seroconverting
to positive HBsAg as compared to 88% of babies in the placebo arm.

5. Horizontal spread

The horizontal spread of hepatitis B virus is very likely to lead to chronic state
if it occurs in young children [1, 3, 6]. This was demonstrated in several studies
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conducted before the HBV vaccine was made available. Research conducted in
Senegal revealed that half the children who had horizontal transmission of HBV
before they were 2 years old developed chronic infection. In another research on
1280 people who had hepatitis B virus negative sero-markers in rural Alaskan
conducted in the 1970s revealed that 29% of children below 5 years old, out of 189
individuals who acquired the infection over a four-year period, had chronic hepa-
titis B against 16% of children between 5 and 10 years old, and only 8% for adults
above 30 years old. The birth dose of hepatitis B vaccine together with the subse-
quent doses can reduce the acquisition of infection in the early months of life as well
as prevent perinatal transmission in settings where the risk of chronicity through
horizontal transmission of the infection is great.

Horizontal transmission, if it occurs in young children and some adults, this is
because of high likelihood of infectious hepatitis B virus found on surfaces. The
research conducted in Alaska many years ago, before the availability of viral DNA
testing, the hepatitis B surface antigen was found in the environment on samples
from table tops from school lunch room, toys, feeding bottles, and walls in houses
where positive HBsAg individuals lived. Hepatitis B viral replication was possible
at room temperature after at least 7 days. There is possibility that the virus can be
spread through broken skin and mucosa from people with chronic infection on to
surfaces, infecting thereby other people with open lesions. The horizontal transmis-
sion can also happen through non-sterile objects and procedures such as injections
from healthcare providers or drug-injection, tattooing, scarification, sexual route,
dialysis, emergency procedures, etc.

Young adults in the USA have increased horizontal transmission of HBV through
unsafe drug-injection use in some places. There was 114% increase in the acute
hepatitis B infection between 2006 and 2013 in West Virginia, Kentucky, and
Tennessee. This increase was seen mostly in white populations between 30 and
39 years old who had a drug-injection history. In health care facilities, the outbreaks
of hepatitis B can also increase the horizontal spread of the virus. The prevention
of horizontal spread entails the combination of several measure such as education,
good infection prevention and control practices, and immunization of household
contacts to hepatitis B infected individuals and other people at high risk of HBV
infection.

5.1 Vaccination

Hepatitis B vaccine is now available for over decades now. It is highly effective
infection prevention measure among people at high risk of developing the disease
[8]. The USA implemented universal immunization in 1991 and saw the incidence
of acute infection decrease by 89% in adolescents and young children. With this
exercise, the disparities in prevalence of chronic hepatitis B infection between races
have reduced. Hepatitis B virus is endemic in Alaska, but following immunization,
the incidence of new infections has markedly decreased. With this achievement, the
incidence of hepatic cirrhosis and hepatocellular carcinoma is expected to reduce
as well in the next few decades. Taiwan is one of the nations that adopted universal
vaccination earlier. Its prevalence of positive surface antigen than was between
15-20% has reduced to 7% among adolescents and young children.

6. Chronic carriers

The concept “carrier state” is defined as persistence of HBsAg in blood circula-
tion for more than 6 months, based on longitudinal researches. This state maybe
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associated hepatic changes comprising minor damage in the nuclei of liver cells to
persistent liver inflammation, chronic active hepatitis, liver cirrhosis, and hepato-
cellular carcinoma. The integration of the HBV DNA may occur at several places

or at unique site of the host genome in carriers of HBV with or without histological
evidence of hepatic disease. The majority of carriers have HBsAg in their circula-
tion with or without other markers of the viral infection (HBeAg, HBV DNA, DNA
polymerase). The continued expression of HBsAg is suggestive of integrated viral
DNA resultant. Some HBV carriers may have HBV DNA in their liver but with no
surface antigen expression, this is called “latent viral infection”

There are a number of risk factors that have been established in accordance to
the “carrier state”. The carrier state is most common in male gender, it is more likely
to follow infections acquired in childhood than those acquired in adulthood, it
occurs most often in individuals with natural or acquired immune deficiencies. The
carrier state develops in only about 5-10% of infections acquired in adult life.

Carriers’ prevalence among adults who appear healthy, especially the blood
donors vary by region. The global population can be grouped in to three regions by
prevalence of hepatitis B virus infection:

a. Hyperendemic regions: here, the infection includes almost always several
countries of South-East Asia, China, the Western Pacific, and the sub-Saharan
region of Africa. In these settings, infection in early life is very common. The
proportions of carriers in these regions range from above 5-20%.

b.Intermediate endemic regions: here, the prevalence of hepatitis B infection
range from 20-50% generally (by serologic markers like HBsAg, anti-HBs and
anti-HBc), and that of carriers from 1-5% overall. It is seen in countries in
the Northern region of Africa, the middle East, South America, and parts of
Southern and Eastern Europe.

c. Low prevalence regions: here, less than 10% of the general population have
evidence of hepatitis B virus infection by serologic markers, and a carrier rate
of less than 0.1%. Nevertheless, the prevalence of HBV infection and carriers
vary considerably in these settings within ethnic groups. These regions include
northern Europe, the USA, Canada, most Western Europe, New Zealand, and
Australia.

With the advent of HIV/AIDS, the hepatitis B virus coinfection with HIV has
become a major concern of late because of synergic negative effects of both viruses.
HIV coinfection increase the chances of hepatic disease progression related to hepa-
titis B virus while hepatitis B coinfection augment antiretroviral therapy related
liver toxicity.

7. Distribution of hepatitis B by age

It has been recognized two different patterns of hepatitis B infection by age
distribution [1, 8, 9]. Individuals with high burden of HBV, infection is often
acquired early during childhood. The highest infection and carrier rates are usually
seen among children and young adults while the lowest is prevalent among older
individuals. The HBeAg has been found more frequently in young carriers than
in their adult counterparts. In contrast, HBe antibody is more common in older
individuals. These results are in keeping with the possibility of young carriers being
most infective.
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In settings where this viral infection is not commonly observed, the highest
prevalence of HBsAg occurs in populations between the age of 20 and 40 years old.
The highest rates of hepatitis B infections are seen in populations at increased risk
of contact with blood or blood products, e.g., health care workers, certain groups of
patients, IV drug users, and male promiscuous homosexuals.

There is need to understand that the prevalence of hepatitis B infection, the
age distribution of this infection, the carrier state. This change is drastic in some
regions with the implementation of routine program of expanded hepatitis B
vaccination.

8. Hepatitis B genotypes

There are six HBV genotypes grouped A-F based on phylogenetic analysis of
complete viral genome classification [10, 11]. The most disseminated genotypes
throughout the world are A and D. In contrast, B and C genotypes are restricted to
East Asia, and E genotype to sub-Saharan Africa. The genotype F on the other hand
is more diverse from other genotype classes and is seen in aboriginal Americans.

All the genotype classes have a common immunodominant area on the surface
antigen that is called “a determinant”. This determinant span amino acids 124-147
and is hydrophilic. It is taught to be a form of two major and one minor loops with
cysteine disulphide bonds. The “a” determinant target primarily the neutralizing
antibodies induced by vaccination. The available hepatitis B vaccines have common

major immunization response to “a” epitope with subsequent protection against all
subtypes of HBV.

9. Burden of HBV in developing countries

HBV has an intermediate to high endemicity levels in developing countries
[12-16]. Recently, the incidence of acute infection has decreased in several coun-
tries. The prevalence of chronic carriers of HBsAg has also decreased, thisisasa
result of the introduction of universal immunization coverage for hepatitis B virus
in the 1990s. A few other countries are still not able to implement these interven-
tions, especially in their rural and highly endemic regions. There is lack of sufficient
information on the epidemiology of hepatitis B virus in many Eastern Europe and
Latin-America countries.

9.1 Epidemiology
9.1.1 Africa

The entire Africa is known to be highly endemic continent for hepatitis B virus.
The infection occurs with more than 8% hyperendemicity for chronic carriers of
surface antigen in the general population in countries of Sub-Sahara like Nigeria,
Cameroon, Burkina Faso, Gabon, and Namibia. Some other countries such as
Zambia, Kenya, Senegal, Ivory Coast, Liberia, and Sierra Leone experience inter-
mediate endemicity (2-8%). The following countries are considered to have low
HBV endemicity (below 2%) in Africa: Morocco, Algeria, and Egypt.

Children in Africa are at high risk of acquiring hepatitis B infection. The hepa-
titis B markers seroconversion rates vary from 10.2-60.5% annually in Somalian
children between 1 and 10 years old. The highest rates are seen in children with
a low socio-economic situation. In South Africa, the highest rate of hepatitis B
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infection in Children (5-6 years old) was 15.7%. The infection is often acquired by
these children through parenteral horizontal transmission route from siblings and
parents. Unsafe sharing of toiletries and sharpening, cutting, scraping or scratching
instruments in the daily activities accounts for such a high horizontal transmission.
In addition, cultural practices like scarification and tattooing and sexual promiscu-
ity greatly increase the chance of hepatitis B infection. Hepatitis B transmission

by transfusion of blood and blood products still occurs and is taught to have an
epidemiological impact in some regions in Sub-Saharan countries.

9.1.2 Asia

The Arabian region or South-Western Asia accounts for 10% of territories in
Asia. The Arabian Peninsula (Saudi Arabia, Bahrain, the Unites Arab Emirates,
Oman, and Yemen included) together with Kuwait have a positive e antigen preva-
lence from 1.5 to above 8%. The HBsAg-positive prevalence in the Gaza Strip is 3.5%
in the general population and 3.8% in blood donors.

Arab countries have implemented the WHO-recommended Expanded Program
on Immunization, and hepatitis B virus immunization programs started in these
countries have now covered a large proportion of their population. This has success-
fully reduced the hepatitis B virus endemicity.

Saudi Arabia is the first Arab country to adopt an HBV immunization program.
It has seen a steady decline in positive surface antigen prevalence observed in
children aged between 1 and 12 years, from 7% in 1989 to 0.31% in 1997 and zero%
in2008.

Cambodia is one of the western Pacific countries with the hepatitis B Virus
prevalence at 4.6% in the adult population and 6% in blood donors. In this country,
high anti-HBc rates have been reported (58.6% and 72.4%) in different studies, sug-
gesting a principal role played in the past by horizontal transmission in childhood
and adulthood.

China also started the universal HBV immunization program of newborn babies
in 1992. In this country, the prevalence of surface antigen carriers decreased from
9.8% in 1992 to 7.18% in 2006. The immunization coverage rate at the end of 2005
was 20% lower in rural areas than in the urban areas, a difference that has steadily
decreased in recent years. China has gone from a high to an intermediate endemic-
ity level in a short period of time despite the suboptimal immunization coverage.
The prevalence of anti-HBs was higher in fully immunized children (63.2-74.3%)
than in non-immunized subjects (21.1-34.8%) because of the universal hepatitis B
immunization campaign.

9.1.3 Eastern Europe

There are very few epidemiological studies conducted on hepatitis B virus
infection in Eastern Europe which do not provide conclusive evidence on the spread
of hepatitis B at the level of generalization of routine immunization in this large
geographic region.

In a recent study from Bulgaria, positive surface antigen prevalence in persons
below 20 years old, targeted by hepatitis Bimmunization, was significantly lower
than that found in non-vaccinated persons aged over 20 (1% against 4.8%). The
hepatitis B surface antigen-positive seroprevalence in the general population was
3.8% in studies performed in Bulgaria, 5.6% in Romania and from 4.4-13% in dif-
ferent studies in Serbia, with wide variations within single countries that reflect the
different socio-economic conditions between rural and urban areas. In these studies,
males showed higher rates of hepatitis B surface antigen positivity than females.

11
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9.1.4 Latin America

The epidemiological information on hepatitis B virus is insufficient and in
pieces in Latin America. About 7-12 million Latin Americans are carriers of
hepatitis B chronic infection according to estimates. The rate of positive surface
antigen individuals varies between countries, the highest being recorded in the
20-40 age groups possibly because of horizontal transmission. Recently, progress
from intermediate to low endemicity levels have been registered in some tropical
countries in Latin America such as Venezuela, Colombia, and Panama. Hepatitis B
infection still provides a heavy socioeconomic burden in many developing nations
despite universal immunization programs introduced in the 1990s. These programs
need to be extended without fail to cover the rural areas in countries where hepatitis
B vaccination is demonstrating its efficacy in reducing the transmission of the
virus. Countries that are still unable to adopt a universal immunization program for
newborn babies need to receive support from international health organizations to
implement this.

10. Burden of HBV in the United States

There are approximately 700,000 to greater than 2 million people with chronic
HBV infection in the USA. It is difficult to obtain accurate approximations of
individuals burdened with chronic HBV infection in the world and in the USA in
particular due the asymptomatic nature of the disease in most people infected with
the virus [9]. This results in more people not diagnosed, passive surveillance, and
underreporting. With the introduction of universal immunization in the USA, there
is increased immunity among children and adolescents. Despite this progress, the
number of adults infected with chronic hepatitis B has been increasing because of
immigration of infected individuals from highly endemic settings. It is estimated
that about 70% of hepatitis B infections in the USA are from foreign-born individu-
als. About 40,000-45,000 subjects from hepatitis B virus endemic settings (with
chronic hepatitis B infection prevalence above 2%) immigrate to the USA legally.
The total number of immigrants from Eastern Asia and Sub-Saharan Africa living
in the USA is estimated above 3.9 million.

The National Health and Examination Survey (NHANES, 2011 & 2012) revealed
that about 850,000 Americans are living with Chronic hepatitis B. Non-Hispanic
individuals represent approximately 5% of the United States population. The
oversampling of this group revealed that about half of all chronic hepatitis B infec-
tions (400,000) in the USA are seen among non-Hispanic Asians. The rates of acute
hepatitis B infection have remained about 1 per 100,000 population since 2009 in
the USA. These have been reported mainly from non-urban as compared to urban
areas. The highest rate of acute hepatitis B infection in the USA is reported among
African American adult populations. Of late, between 2006 and 2013, there was an
increase in incidence of acute hepatitis B infection in Tennessee, West Virginia, and
Kentucky, among white populations between the age of 30 and 39 years old who
reported common risk factor such as drug-injection use.
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Chapter2

Hepatitis B Virus, Genotypes and
Subtypes

Ali Adel Dawood

Abstract

Hepatitis simply means inflammation of liver. This word came from heap:
the Latin for liver and “titis” means inflammation. In addition to viruses, many
varieties of agents can cause hepatitis such as bacteria, parasites, fungi and chemi-
cal agents including drugs, toxins and alcohol. Hepatitis B virus is classified as
an Orthohepadna virus (Genera) within the family Hepadnaviridae. This family
Includes the wood chuck hepatitis virus WHYV, the duck hepatitis virus DHBV, and
several other avian and mammalian variants. The human HBV has been shown to
infect chimpanzees, Barbary macaques and tree shrews. All hepadnaviridae have
similar to hepatotropism and life cycles in their hosts. HBV infection is a global
health problem which is 50-100 times more infectious than HIV. Approximately
400 million people are carriers of chronic liver disease every year due to conse-
quences of the disease. Not only HBV can infect hepatocytes but also infects in
extrahepatic sites including lymph nodes, bone marrow, circulating lymphocytes,
spleen and pancreas. Hepatitis B virus can occur as an acute or chronic disease.
Previously, HBV genotypes have been classified into eight genotypes (A-H) and
because of genome diversity is a hallmark of HBV virus allowed its classification
into (10) genotypes (A-J). The clinical relevance of such genotype is yet unclear.
Detection of HBV genotype is very important to clarify the pathogenesis, rout of
infection and virulence of the virus. The major classification of HBV subtype is
sorted into 4 subtypes or serotypes (adr, adw, ayr, and ayw). The four possible
combinations define the major subtypes and additional amino acids contribute to
immunogenicity. These subtypes can be further classified into (9) serotypes (adw2,
adw4q-, adrq+, adrq-, aywl, ayw2, ayw3, ayw4 and ayr). Epidemiologic studies
found that the prevalence of these serotypes varies in different parts of the world.

Keywords: HBV, genotype, serotype, subtype, Hepadnaviridae

1. Introduction

Hepatitis simply means inflammation of liver. This word came from heap: the
Latin for liver and “titis” means inflammation. In addition to viruses, many variet-
ies of agents can cause hepatitis such as bacteria, parasites, fungi and chemical
agents including drugs, toxins and alcohol [1, 2].

Currently, 11 types of viruses are recognize causing hepatitis, Epstein- Barr
virus (EBV), Cytomegalovirus (CMV) and 9 of hepatotropic viruses. Only 3 out
of these 9 viruses are well characterized from A-E. Hepatitis A (HAV) sometimes
called infectious hepatitis. Hepatitis B (HBV) is called serum hepatitis. Hepatitis
C (formerly none A or B hepatitis NABA). Hepatitis D (HDV) which is formerly
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enteric transmitted hepatitis. Newly discovered forms of viral hepatitis including
hepatitis F (HFV), hepatitis G (HGV), Transfusion Transmitted virus (TTV) and
SEN virus. They all predominantly affect and infect liver cells. Despite significant
overlap in the clinical manifestation caused by them, these types of viruses differ
widely in their morphology, genomic organization, taxonomic classification and
mode of replication [2-4].

Hepatitis B infection is a global health problem which is 50-100 times more
infectious than HIV. Approximately 400 million people are carriers of chronic liver
disease every year due to consequences of the disease [5-7]. Not only HBV can
infect hepatocytes but also infects in extrahepatic sites including lymph nodes, bone
marrow, circulating lymphocytes, spleen and pancreas. Hepatitis B virus can occur
as an acute or chronic disease [8].

People at high risk of infection including those requiring frequent transfusions or
hemodialysis, physicians, dentists, nurses, and other health care workers, intravenous
drug users, police, firemen and others who are likely to come into contact with poten-
tially infected blood products [9], as well as, sexual contacts with an acute or chroni-
cally infected persons. In the US, homosexually active men consist of 6%, whereas
heterosexually with multiple partners consist of 0.5% from all risk factors [10].

Approximately 5% of the infected world’s population may lead to cirrhosis
and HCC worldwide. It is approximated that (500, 000 to 1000, 000) persons die
annually from HBV related liver disease. Most infections occur at birth or during
early childhood. Infections usually cluster in households of chronically infected
patients [11].

2. Acute hepatitis B

Acute disease typically occurs in the infected adolescents or adult who have not
been vaccinated. This acute presentation can be life threatening due to massive liver
damage from the host immune reactions [12]. Most people with HBV experience
few or no symptoms; in fact, a 65% are unaware that they carry the virus. Although,
a30% of people with acute hepatitis B have no symptoms and most people with
chronic HBV also have few or no symptoms, most symptoms may include fatigue
(unusual, prolonged tiredness), fever, malaise (a flu-like feeling), nausea, vomiting,

Symptoms
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Figure 1.
Acute hepatitis B virus infection with recovery typical sevological course. http://vivology-online.com/viruses/
index.htm.

18



Hepatitis B Virus, Genotypes and Subtypes
DOI: http://dx.doi.org/10.5772/intechopen.100446

yellowing of skin and eyes (Jaundice), loss of appetite (anorexia), abdominal pain
or bloating, indigestion, headache, itching (pruritus) and muscles or joints aches
[13]. Acute hepatitis may in some cases progress to fulminant hepatitis leading to
liver failure, which is a state with high mortality [6]. The weak immune response
generated by young children acutely infected hepatocytes. For this reason, clinical
symptoms suggestive of acute HBV infection are frequently absent in this patients
population. For those patients who resolve their infection, HBsAg disappears at
about 3-6 month, often just prior to the detection of antibodies to hepatitis B sur-
face antigen (anti-HBs), while some patients with self-limited infection, however
may still have low levels of HBV DNA in blood; whether the HBV DNA is a part of
intact virions remains unknown [14].

In some people, the hepatitis B virus can also cause a chronic liver infection
that can later develop into cirrhosis (a scarring of the liver) or liver cancer (http://
virology-online.com/viruses/HepatitisB.htm) (Figure1).

3. Chronic hepatitis B

Chronic HBV (CHB) infection can be define as the presence of hepatitis B sur-
face antigen (HBsAg) in the serum of an infected individuals for at least six months
or as the presence of HBsAg in a patient who is negative for immunoglobulin M
antibodies to the hepatitis B core antigen (anti-HBc).

Chronic hepatitis can be divided into four stages. The first stage, the immune
tolerance phase which is characterized by active viral replication and immune
system tolerance. In this initial phase, HBV DNA replicates at a high levels and
the HBsAg and HBeAg can be detectable while the Aminotransferase (ALT) levels
are normal or low, mild or no liver necroinflamation and no or slow progression
of fibrosis. In this phase, more prolonged in subjects infected prenatally or in the
first years of life. Next, the immune clearance phase: The immunologic response
is causing inflammation and hepatic injury as a result of viral clearance. Here, the
ALT levels are elevated and moderate/severe necroinflammation in liver biopsy
is observed. The third phase, inactive carrier state: The viral clearance is accom-
panied by seroconversion of HBsAg, resulting in relatively low HBV DNA level
and normalized ALT levels. Few patients reach the final stage, when the HBsAg is

Acute Chrenic
(6 months) (Years)

HBeAg anti-HBe
HBsAg
Total anti-HBc

IgM anti-HBc

0 4 8 12 16 20 24 28 32 36
Weeks after Exposure

Figure 2.
Progression of chronic hepatitis B virus infection typical sevological course. http://virology-online.com/viruses/
index.htm.
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completely cleared and anti-HBs becomes detectable as a sign of immunity

[6, 13, 15]. The risk of developing chronic hepatitis B infection that depends on
the age at which infection is acquired. The risk is the lowest in adults and > 90%
in neonates whose mothers are HBeAg-positive. Chronic infection is less frequent
in those infected as the children. The risk of becoming chronically infected with
hepatitis B is increased in those whose immunity is impaired [16]. Clinically, the
e-antigen HBeAg is important in chronic infection as it is regarded a marker for
replication and indicative of ongoing infection. When seroconversion occurs,

it normally reflects remission of liver disease and viral clearance [6]. Persons
with chronic HBV may have HBeAg or anti-HBe in their sera. In persons who are
HBeAg positive, spontaneous seroconversion from HBeAg to anti-HBe commonly
occurs with often accompanied by a flare in aminotransferase ALT levels. After
conversion of HBeAg to anti-HBe, most persons have normal ALT levels and
lower levels of HBV DNA which is usually <10° copies / ml (Figure 2) [17].

4. Occult hepatitis B infection (OBI)

In this stage of infection, HBV DNA in the serum or in the liver may in some
cases still be detectable in the absence of HBsAg which is termed occult hepatitis B.
The clinical importance of this is not completely understood, but occult hepatitis
B has been associated with reactivation in the setting of immunosuppression and
enhancing risk for liver cancer [6, 18]. This type of infection represents a potential
transmission source of HBV via blood transfusion or organ transplantation. In
addition, occult HBV infection has been associated with cryptogenic CH and HCC.
Furthermore, some studies suggested that occult hepatitis B might affect respon-
siveness of chronic HCV to interferon therapy and disease progress [9].

5. Cirrhosis and hepatocellular carcinoma (HCC)

Some reports have been estimated that up to 40% of individuals with chronic
hepatitis B (CHB) will progress to cirrhosis [13, 19, 20] and may lead to hepatocellular
carcinoma (HCC). Worldwide, more than 50% of HCC cases, and in highly endemic
areas 70-80% of HCC cases are attributable to HBV and 20% of the 400 million
people with chronic hepatitis B infection will develop to HCC. It has been showed that
the presence of HBeAg and higher levels of HBV DNA have been found to be strong
risk factors for HCC in patients with chronic HBV infection and mainly develops
in patients with liver cirrhosis [6, 19, 21]. The mechanisms of oncogenesis by HBV
remain obscure. HBV may stimulate active regeneration and cirrhosis which may be
associated with long-term chronicity. However, HBV associates tumors occasionally
arise in the absence of cirrhosis, and such hypotheses do not explain the frequent
finding of integrated viral DNA in tumors. Although insertional mutagenesis of HBV
remains an attractive hypothesis to explain its oncogenicity. Like many other cancers,
there is insufficient supportive evidence development of hepatocellular carcinoma
likely to be a multifactorial process [22]. The incidence of HCC may also be affected
by factors other than HBV infection such as HCV co-infection, alcohol intake and
aflatoxin Bl in the food supply. In the Amazonian basin, the genotype F infections are
associated with fulminant hepatitis, but this occurs in the context of co-infection or
super infection with Hepatitis Delta Virus (HDV) genotype III [17, 23].

Many other risk factors have been implicated in the progression of liver disease
and the development of HCC. In such co-infections have been reported that HBV
may carriers with more than one genotype. Some common co- infection occurs
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Figure 3.

EM of HBV particles, https://www.google.com/search?source=univesthm=ische¥q=hepatitis+ B+virus+electron+
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Figure 4.
The architecture of a Dane particle. https://people.rit.edu/japfaa/infectious.html.

between genotype B and C, A and D, which is presumably due to the coexistence

of these genotypes in the same regions. Recombination between genotypes has
been reported as genotypes A with D [24]. The clinical impact of co-infections

is unclear, but the viral loads have been reported to be higher in the co-infected
patients. The frequency of co- infection may be associated with genotyping method
as the reported frequency varies widely [6]. Persons who are co-infected with both
HBV and HCV also have an increased risk of developing HCC, as compared with
those who are infected with either virus alone. Even though, co-infection with
HDV has not been shown to increase the risk of HCC. One study demonstrated that
HCC appears at younger ages in co-infected persons than it does in those infected
solely with HBV. Using chronic alcohol also appears to increase the risk of cirrhosis
(Figures 3 and 4) [17].
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6. HBV genotypes

The clinical relevance of such genotype is yet unclear. However, because the HBV
induced disease is the resultant of virus-host interaction, the disease characteristics
may be influenced by the genotypes of the virus [5]. HBV genotype and subgeno-
type are strong factors in predicting outcomes of chronic HBV infections [25].

Traditionally, HBV genotypes has been based on one of the following criteria:
an intergroup divergence of 8% (similarity in 92%) [26, 27] or greater over the
complete genome sequence, or 4 + 1% or greater divergence of the surface antigen
HBsAg [28]. Detection of HBV genotype is very important to clarify the patho-
genesis, rout of infection and virulence of the virus [29]. In the context of the
findings described, there might be a need to further differentiate between genetic
variants versus genotypes [30]. Since the HBV genotype is due to the entire
nucleotide sequence, the HBV genotype is more appropriate for investigation of
geographic distribution and epidemiologic connections [31]. Previously, HBV
genotypes have been classified into eight genotypes (A-H) and because of genome
diversity is a hallmark of HBV virus allowed its classification into (10) genotypes
(A-J) [32, 33]. Genotypes A-D were identified in 1988 under the sequence diver-
gence in the entire genome exceeding 8%, and designated by capital letters of the
alphabet [34]. Genotype E-F were identified in 1993 and genotype G was identi-
fied in 2000. Genotype H which is phylogenetically closely related to genotype F
was proposed in 2002 [6]. Genotype I has been described and isolated from Hanoi
in the northern part of Vietnam, Laos, a primitive tribe from northeast India as
well as in the northwest of China [18, 35, 36]. Finally, the newest genotype J was
identified in the Ryukyu Islands in Japan and this genotype has a close relation-
ship with gibbon/orangutan genotypes, and human genotype C [37].

Zekri and coworkers found that HBV mixed genotype infections could probably
be of clinical significance in HBV-induced liver diseases. He established that preva-
lence of mixed A/D genotype infections related to induce chronic liver diseases and
evaluation of therapy [38].

6.1 Relationship between HBV genotypes

There are structural, functional, infectivity and clinical differences between HBV
genotypes. Such differences include prognosis, progression of disease, complications
as cirrhosis and hepatocellular carcinoma, as well as response to antiviral therapy.
Structurally, HBV genotypes differ in the length of their genomes. The numbering
of HBV genome from the EcoRI site leads to difficulties in comparing nucleotide

Genotype Length Insertion/Depletion
3221 Insertion core: 6 bp
B 3215
C 3215
D 3182 Depletion Pre-S1: 33 bp
E 3212 Depletion Pre-S1: 3 bp
F 3215
G 3248 Insertion core: 36 bp, Depletion Pre-S1: 3 bp
H 3215
Table 1.

Differences between the main HBV genotypes [6].
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positions between genotypes. Functionally, the Pre-S region that is important for
virus attachment and cell entry, shows momentous differences between genotypes.
Genotype A differs mainly in sequence of the Pre-S2 region, and has insertion of six
nucleotides in the terminal protein portion of the polymerase gene overlapping the
core gene, and shares some structural features with genotype F. Genotype D genome
is most similar to Genotype E, especially in the X-gene. Differences in RNA splicing
folding between genotypes could be predicted [39].

A recent study by Chan et al. indicated that genotype C was associated with
more severe liver fibrosis than genotype B probably because of delayed HBeAg sero-
conversion and prolonged active disease [20, 40]. The major structural differences
between HBV genotypes are shown in Table 1 (2.1) below depending on nucleotide
numbering, length and characteristic indels of HBV genotypes:

7. Prevalence and epidemiology of genotypes and subgenotypes

Humans are only reservoir for HBV, which is 50-100 times more infectious than
HIV. The prevalence of HBV infection varies in different parts of the world, with
most of the disease burden occurring in Asia and Africa [41].

8. Genotype A

Genotype A derived mainly from Europe, India, Africa, and North America
[42]. The existence of subgenotypes within genotype A has been reported (A1/Aa)
from South Africa and South Asia. Subgenotype Ae/A2 is mainly endemic in Europe
and United States. Ac/A3 is mostly found among populations of West and Central
Africa [21]. These subgenotypes were significantly distinguished by bootstrap at
phylogenetic analyses complete genomes. The differences between European and
Afro-Asian of genotype A strains that the subgenotype Al strains encoding Asn
(207) and Leu (209), while the A2 strains had Ser (207) and Val (209). All strains
specifying ayw1 serotype belonged to Al, and most of them were from Africa.
Genotype A is corresponding to subtype adw [8, 42].

8.1 Genotype A and its subgenotypes

Genotype A is distinguished at the carboxylic end of the core gene by a 6 nucleo-
tide insert. A comprehensive analytical study of genotype A led to classification of
A1, A2, A4, and A3 subgenotype, as the latter sequence category did not follow the
subgenotype classification criterion. The subgenotypes Al, A4 and A3 are mostly
present in Africa, while A2 prevails in Northern, Central and Northern Europe and
in North America [8, 42].

9. Genotype B

Genotype B is originated mainly from China, Japan, and Southeast Asia
(Vietnam, Thailand, and Indonesia). Four subgenotypes, designated B1-B4, were
confirmed by significant bootstrap when comparing complete genomes [24, 42].
Other classification of genotype B isolates into two groups: Bj (“j” stands for Japan),
mostly found in Japan, and Ba (“a” stands for Asia) [43]. All strains specified adw2
serotype with the exception of the strains in B4 which specified ayw1 or adw3
serotype according to the strain. Subgenotype B1 was formed mainly by 18 of the
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25 S genes of genotype B strains from Japan, corresponding to the described group
Bj while the most genotype B strains from China belonged to subgenotype B2 which
also comprised strains from Vietnam. Subgenotype B3 was formed by four strains
from Indonesia. Subgenotype B4 comprised only strains from Vietnam. Apart from
the Arg (122) in B4, there were no amino acid substitutions in HBsAg characteristic
of individual subgenotypes within B [42].

9.1 Novel subgenotypes of genotype B

The subgenotypes of B have been reclassified into six subgenotypes, namely:
B1, B2, B4-B6 and quasi-subgenotype B3 according to the new classification with
a phylogenetic and sequence divergence of >4 percent. In contrast to the remain-
ing subgenotypes of B that have this mixture, subgenotype Bl (previously Bj),
found in mainly Japan and B5 (previously B6) from the Canadian Inuit popula-
tion, are genotype B without recombination with Genotype C in the precore/core
area. Subgene B1 was presumably B5’s ancestor, likely transported from Siberia
and Alaska to North America and Greenland by indigenous peoples during the
migration [42].

10. Genotype C

Genotype C genome shows four subgenotypes, C1-C4 [21] supported by
96-100% bootstrap with clear geographical clustering. The ayr subtype is wide-
spread in genotype C. Australian strains specified ayw3. In the subgenotypes
C1-C3, there were an intermixture within the adr strains of strains specifying adw?2
or ayr. The constraints against substitutions of subtype specifying residues122 and
160 thus seem less pronounced for genotype C than for the other genotypes. C1 was
formed by the majority of the strains from the Far East (Japan, Korea, and China)
[42]. Sakamoto found a novel subgenotypes of HBV/C5 and HBV/B5 among chronic
liver disease patients in the Philippines [44].

10.1 Novel subgenotypes of genotype C

Genetic C is the earliest HBV genotype, according to Paraskevis et al. The C1-C16,
which represents a longer period of endemicity in humans, is the largest number of sub-
genotypes. In Indonesia, there are a significant number of sub-genotypes. Subgenotype
C4 is solely present in northern Australian aboriginal people that came down from a
group of establishments who emigrated at least 50.000 years ago from Africa [44].

10.2 Genotype D

Genotype D is the most widespread genotype and predominated in the
Mediterranean area, the Near East, and as far as India. It was also found in
Aboriginal populations in Asia from Indonesia and Papua. The strains specified
ayw2, ayw3, or ayw4 serotype with the exception of two European strain specifying
Lys (122), Thr (127), and Lys (160) corresponding to the putative subtype adw3.
Phylogenetic analysis of complete genomes have been distinguishing four subgeno-
types D1-D4. Strains specifying ayw2 were found in D1, D3, and D4. The geo-
graphical distribution of the subgenotypes within D was less restricted than that of
genotypes A, B, and C. Although, the strains from Middle East mainly belonged to
D1 [25] those from South Africa and Alaska mainly to D3, while those from Oceania
and Somalia were only found in D4 [42]. Genotype D is currently segregated into
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eight subgenotypes (D1-D8). A novel D9 isolates do not possess any unique motif in
the Pre-S/S ORF that can distinguish them from the other eight subgenotypes of D.
D9 subgenotype is originated from discrete recombination events between geno-
types D and C as evident from the fact that both genotype C and D9 sequences are
monophyletic in the core region [32]. Genotype D is characterized by a 33 nucleo-
tide deletion at the N-terminus of the Pre-S1 region, therefore it has the shortest
genome of the eight HBV genotypes (3182 nucleotides) [18].

11. Novel information of genotype D

In an analysis of the subgenotypes of D recently, it has been concluded that there
are six, not eight subgenotypes. Subgenotypes D1-D6 can be distinguished by a
separate cluster with high bootstrap support and amino acid signature. Subgenotype
D3 and subgenotype D6 were reclassified as one sub-genotype D3, and genotype D/E
instead of subgenotype was found to be genotype D/E. The D4 subgenottom may
be an early substratum of early human intercontinental migration and may occur in
indigenous peoples in Papua New Guinea and Australia and in a limited proportion of
the Canadian Inuit people. In addition, a subgenotype D4 recombinant was same [18].

12. Genotype E

Genotype E is definitely the dominant genotype in West Africa and has very low
intra-genotypic diversity suggesting that this genotype has spread only recently [21].
Genotype E strains specified of subtype ayw4, and all derived from West Africa
apart from one strain which was derived from Madagascar. There were no subdivi-
sions or specific amino acid substitutions distinguishing the strains from each other.
All strains expressed Ser (140) also present in the genotype F. Study analysis of the
complete genome of genotype E strains showed that the chimpanzee strain was not
ancestral as compared with the human strains. This chimpanzee has probably also
been inoculated with human serum at capture, since the majority of indigenous HBV
strains from chimpanzees cluster separately from human strains [42].

Genotype E has the single Ayw 4 serologic subtype, which can be separated
from A-D, F, H and I by the preS1 region’s deletion of 3 nucleotides. In West,
Central Africa this genotype is endemic to a poor genetic diversity which has led
to the recent appearance of more than 200 years. Contrary to the slavic trading
subgenotype Al, genotype E is scarcely present outside Africa, with the exception
of persons of African origin who further affirm its recently emerging after forced
slavery migrations. A median developmental period of 130 years has been estimated
using Bayesian inference, from the most recent common ancestor (tMRCA), this
varies from a tMRCA predicted by others for 6,000 years. However, as previ-
ously indicated, genotype E may have occurred and recently been reintroduced in
indigenous African populations. In persons with no experience of traveling to or
from Africa, genotype E isolated from Pygmies and Khoi San, and in Colombia and
India. The variation of the predicted genotype E age would be difficult to overcome
without a precise determination of the nucleotide HBV substitution rate [42].

13. Genotype F

Genotype F has been isolated from Amerindian population in different countries
[21]. Genotype F strains are subdivided into four subgenotypes. Subgenotype F1
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particular Fla have been found in Alaska, El - Salvador, Guatemala, Costa Rica

and Nicaragua; whereas F1b has been reported in Peru and Argentina. Strains of
subgenotype F2 has been found in Costa Rica, Nicaragua, Venezuela and Brazil.
Subgenoype F3 is found in Colombia and Venezuela and F4 in Bolivia and Argentina
[21]. F1 and F2, each characterized by specific substitutions in the S gene product,
Leu (45) and Thr (45), respectively. Subgenotype F1 was mainly formed by strains
from Central America. F2 mainly containing strains from South America encom-
passed all strains from Venezuela and Colombia and the few strains from Polynesia
and were characterized by an Asp (2) Glu substitution. Subtype adw4q- is along-
side with adrq- the dominating subtypes in Polynesia. This supports a dual origin
of its population, and the close relation of the Polynesian strain to strains from
Colombia. Most of genotype F strains specified adw4 subtype. All had the Pro (178)
Gln substitution assumed to abolish the expression of q. Some strains lacked the
Pro (127) Leu substitution characteristic of genotype F and specified the putative
subtype adw2q [42].

14. Genotype G

Genotype G is mostly detected in co-infection with other HBV genotypes with
mostly genotype A [21]. Genotype G strains are originating from the USA, Mexico,
and Europe [6] which are all specifying adw2 subtype. The genotype G strains
shared two unique substitutions, Gln (51) Leu and Thr (63) Ile, were not found in
any other genotype. The S gene products of the strains showed the highest similar-
ity to those of genotype A. However, these strains showed a high divergence from
the other HBV strains, when complete genomes were compared [42]. Genotype G
strains have a 36 bp insertion immediately after the initiation codon of the C gene,
increasing the size of HBcAg by (12 aa). This does not effect on Polymerase but a
one codon deletion in the Pre-S1 region reduces both Pre-S1 and Pol by one aa [23].

Genotype G is characterized by the use, at the positions 2 and 28 in the precore/
core region, of a 3’ nucleotide insert, 3’ of position 1905 and two translation stop
codons which abrogate HBeAg. Only in the presence of other genotypes, most often
genotype A, that may supply HBeAg in Trans, may chronic infection be identified.
Sexual reproduction by males who have sex with men is a significant risk factor.
Genotype G is not as diverse from genotype E with which the deletion of 3-nucleo-
tide occurs in the central area and a special preS sequence. Since the African root of
genotype G was not yet found in Africa [23].

15. Genotype H

All strains belonging to the genotype H derived from Nicaragua, Mexico,
and California. These strains differ from genotype F strains by two unique
substitutions, Val (144) and Pro (45), as well as Ile (57),Thr (140), Phe (158),
and Ala (224) [42, 45, 46].

16. Genotype I and its subgenotypes
In 2008, a study sequence of the whole genome (AB231908) of the Vietnamese
male was suggested that it was closely linked to three previously identified

Vietnamese ‘aberrant’ strains as well as to one of the 9th, I genotype. This was unac-
ceptable since the average genetic divergence of these 4 genotype C strains was 7%,
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and the recombination study was not strong. The following sequences is derived
from Laos, the tribe of the Idu Mishmi in North-East India, Canadian of Vietnamese
origin, and China. At least 7.5 per cent of the nucleotide divergence between each
of these sequences was with strong group bootstrap assistance, thus satisfying the
genotype assignment criterion. Two subgenotypes I1 and I2, respectively, were
identified with serological subtype’s adw 2 and ayw 2. This subgenotype isolation
was challenged by the sequencing of additional Indian cluster strains in subgeno-
type 12 and by an estimated intersubgenotype differences of <4%. The intergroup
divergences between subgenotype I1 and I2 were found to be 3,40 + 0,30 percent
(mean + SD) below the 4 percent cut, if we analyzed all 19 genotype I genomes
without indels in the GenBank. However, an exception should be made for sub-
genotype D1 and D2 due to the distinct serological subtypes. 4.1% between Laotian
strain FJ023663 and the Indian strain EU835242 were the largest intergroup diver-
gence. This genotype is endemic in a broad region of Asia for a long time because of
the extensive geographical range. Genotype I is a recombinant of A/C/G genotypes
and an indeterminate genotype which, when analyzed, is closely related to C geno-
type and the genotype A of polymerase genotype. The areas of genotype A and C
are closely associated with A3s and C3s. In both Huh7 cells and acute hydrodynamic
mouse infection, Genotype I has been functionally characterized. The two schemes
also secreted genotype I at levels comparable to genotype A, genotype B and generic
C and higher than generic D, but genotype A at levels related to genotype A and
below B, C and D [42, 45, 46].

17. Genotype]

This strain had been isolated from one Japanese man who had long-term resi-
dence in Borneo with hepatocellular carcinoma (HCC). The entire non-human HBV
genome clusters including gibbon isolates, orangutans, chimpanzees and gorillas.
Their rates diverged 10.7-15.7% from other genotypes relative to 1,440 human and
non-human HBV strains and did not demonstrate any indication that they were
recombined. In the later study, Locarnini et al. concluded that genotype ‘J is actu-
ally a recombinant of genotype C and gibbon HBV in the S area, using additionally
the gibbon/orangutan sequences for contrast. Therefore, while there is a strong

&’ - L V. .
p = "‘1 ‘.,- ¥ L
8 / g .l" vt 3 .
&~ 5 . < = . -2
P ?‘“’b”!!!. . & - ol
't 3 - - |
@@= _. ‘U; n e [ 1
- 0. " ¢
> - - . o
HEV Pravalonco o s - - j L €
o= Y. ;
& S s ' .
e @ 9
. L 1 = “ P

Dt e cerhorence Frevensten % AnE sans. RS prase SUty

Figures.
Global geographical distribution of HBV genotypes. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4969325/
pdf/40506_2016_Article_8o.pdf.
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intergroup divergency of genotype J, this will reflect propagation of cross species,
detection and examination of additional sequences, until the presence of this last
genotype can be verified. This requirement is defined for classification into separate
genotype (Figure5) [18].

Some studies have shown that different HBV genotypes and subgenotypes may
cause differences in disease progression, response to antiviral treatment regimens
and in clinical outcomes. Therefore, the accurate classification of HBV is important
for clinical and etiological investigations [47].

18. HBV serotypes

The major classification of HBV subtype is sorted into 4 subtypes or serotypes
(adr, adw, ayr, and ayw) [21, 45]. The molecular basis for this classification was
variation at few sites in the S region. The ‘@’ determinant (aa 124-148) is the major
antigenic determinant common and confers protection against all serotypes [41],
while the d/y and w/r variations depend on Lys/Arg substitutions at residue (122)
and (160) respectively [6]. If the amino acid at position (122) is Arg (122R) then
the subtype isy, and if it is Lys (122 K) then the subtype is d. In the same way,
(160R) defines the r subtype and (160 K) defines the w subtype. The four possible
combinations define the major subtypes and additional amino acids contribute to
immunogenicity. These subtypes can be further classified into (9) serotypes (adw2,
adw4q-, adrq+, adrq-, aywl, ayw2, ayw3, ayw4 and ayr). Epidemiologic studies
found that the prevalence of these serotypes varies in different parts of the world.
To date, there has been very little data on the clinical significance of HBV serotypes
[45]. While the ability to detect HBsAg was of obvious importance for the safety of
the blood supply, serotyping was useful for widely employed in clinical, virological,
epidemiological studies, including studies of nosocomial and iatrogenic infections
and intra-familial transmission, [23, 48].

Determinants wl/w2, w3 and w4 are classified by Pro, Thr or Leu substitutions
at residue (127) respectively. wl variation is distinguished by Arg122, Phe134 and/
or Ala159 [49]. It has been found that the epitope in adw contains (18Val-19Pro),
whereas these amino acids are replaced by hydrophilic residues Thr-Ser in the aywl,
2, and 3 subtypes. As a consequence of these substitutions, the conformation of the
epitopes, as predicted by 3D modeling and analysis of crystal structures, was drasti-
cally changed [50]. Cui and coworkers found that the serotype adw is based on Lys
(120) and Lys (160). To a large extent, genotypes and subgenotypes have replaced
the usage of serotypes. Most ayw serotypes are grouped in genotypes B and D [51].
The serotype ayw occurs in all genotypes except in ‘C’. Serotype adw is associated
with all genotypes except D and E, whereas adr and ayr subtypes are encountered
with genotype C [5]. There is no stringent correlation between phenotypic HBsAg
markers and sequence variation outside the S gene but such a correlation between
genetic and phenotypic markers is required for epidemiological studies [52].

19. Detect HBV genotype

Detection of HBV genotype is very important to clarify the pathogenesis,
rout of infection and virulence of the virus. The HBV genotypes are variable
that could potentially influence the outcome of chronic HBV and the success of
antiviral therapy. HBV genotype testing has not yet been widely adopted in clini-
cal laboratories. A variety of methods have been used, including whole or partial
genome sequencing, PCR based restriction fragment length polymorphism (RFLP),
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genotype-specific PCR amplification, PCR plus hybridization, line probe assay,
enzyme-linked immunoassay and serology. Whole-genome sequencing is the “gold
standard,” and it is particularly accurate for detecting recombinant viruses [38, 53].
The common assays are:

19.1INNO-LiPA

This reverse hybridization method has been developed by Innogenetics and is
commercially available as INNO-LiPA. This method is easy to perform, very conve-
nient, rapid method [54, 55], and suitable for detecting mixed genotype infections.
First, HBV DNA is amplified by PCR using biotinylated primers complementary to
a conserved sequence in the S/Pre-S ORF. The amplified biotinylated PCR prod-
ucts are then hybridized to probes immobilized onto membrane strips that detect
genotype specific differences in the HBV polymerase gene domains B to C. After
washing, alkaline phosphatase (ALP) - labeled streptavidin is added, followed by
substrate (BCIP/NBT chromogen) that gives a purple/brown precipitate in the pres-
ence of ALP. The overall success rate is 98% [56]. These methods may fail to type
all isolates and interpretation of results may be difficult particularly in the case of
mixed genotype infections [55]. In addition, this assay is not suitable for large- scale
surveys nor accurate to identify mixed infection [57].

19.2 HBV DNA-Chip assay

The whole HBV genome is amplified by a duplex PCR. The labeled PCR
products were purified using a purification kit. Samples were hybridized on the
HBV DNA-Chip prototype and stained with streptavidin-phycoerythrin conjugate
on a GeneChip fluidics station 400. Finally, the HBV DNA-Chips were scanned
on an HP Gene Array scanner and were analyzed by using DNA-Chip evalua-
tion software. DNA-Chip technology is currently not used routinely in a clinical
laboratory [58].

19.3 Nested-multiplex qPCR

A detection assay is used specific primers. This assay is greater accuracy in
genotyping and greater sensitivity to identify mixed genotypes when compared to
sequencing reactions. This method can be useful with large clinical scale and epide-
miological studies, especially in regions with high prevalence of HBV infection [59].

19.4 Oligonucleotide microarray

Can determine genotypes A-G. The amplified products are heat-denatured and
added to silylated slides, to which genotype-specific probes are immobilized [56].

19.5 Enzyme immunoassay (EIA)

This commercially assay is used with monoclonal antibodies raised against
genotype specific epitopes in the Pre-S2. Although this assay may fail to type the
HBV DNA in clinical samples due to the presence of mixtures of genotypes or low
levels of HBsAg in the sample, it offers a convenient, serologically based assay, [55,
60]. EIAs were less sensitive than rapid assays [61]. ELISAs for HBsAg are generally
considered more sensitive. It has been showed that the samples with low HBsAg/
HBcAg ratios were much more likely to have undetectable Pre-S2 epitopes by the
genotyping ELISA that used [31].
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19.6 TaqMan-MGB probe

This assay has several advantages. On the one hand, conjugated MGB can
improve the melting temperature of probe, thus increasing probe specificity. In
addition, it permits shorter probes to be used (usually 13 to 18 nt). On the other
hand, shorter probes make fluorescence and quencher closer A type-specific nested
PCR assay established and applied for investigation of HBV genotype. The TagMan
technique is suitable for typing [40, 62, 63].

19.7 Line probe assay

This assay is detected sequence specific oligomers for each genotype are
immortalized on a paper strip, to which PCR amplified test samples are hybridized
(reverse hybridization) [5].

20. Limitations of using in-house assays

Many of limitations emerge when using in-house assays depending on the type
of assay. It has often been suggested that in-house PCR assays suffer from problems
with standardization, false positivity, or contamination, making them unsuitable
for routine clinical diagnostic use [58]. The lack of an internal control does not
allow to rule out false-negative results due to the presence of inhibitors to PCR
amplification. The limit of detection and the upper limit of the dynamic range are
approximates, as a lot more replicates and lot-to- lot testing would be necessary to
verify these values.

One disadvantage of ELISA is that not all antibodies can be used monoclonal
antibodies must be qualified as matched pairs, meaning they must recognize
separate epitopes on the antigen so they do not hinder each other’s binding. Also,
there is a limit to its sensitivity since the amplification is restricted by the amount
of enzyme that can be conjugated to antibodies. Immunoreactivity of the antibody
may be reduced by enzyme labeling, which in itself is an expensive and time-
consuming process [64].

HBV genotyping based on complete genome sequences is an ideal methods,
but sequencing is still expensive and not easy to carry out for large scale study. The
developed precise PCR genotyping system using type-specific primers, allowing
the identification of types A through F. This assay system may be useful for rapid
and sensitive genotyping of the HBV genome either epidemiological, pathological,
transmission studies and can be carried out in large scale. Mixed-genotype infection
is very difficult to detect by direct sequencing. Since direct sequencing or Sanger
sequencing can pick up mixed populations only at ratios above 20:80 simultaneous
[24, 40, 47, 60, 65, 66].

20.1 PCR-RFLP

RFLP depends usually on PCR amplification of the S gene, restriction enzyme
digestion, and separation of digested fragments by electrophoresis. A combination
of different restriction enzymes has been used for RFLP, the choice of which has
been determined according to the different HBV genotype sequences in GenBank.
This method has been used to determine genotypes A-F. In 2004, Zeng et al.
developed a modified RFLP technique based on the S gene allowing the detection
of HBV genotypes A-H. In this method, two PCR rounds were undertaken prior to
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restriction enzyme digestion by five enzymes, namely Styl, BsrI, Dpnl, Hpall, and
Eael. The method was compared with another RFLP method targeting the Pre-S1
region and the results were concordant in 96.8% [54].

RFLP typically relies on Sgene enhancement PCR, restrictive digestion of the
enzyme, and electrophoresis isolation of the digested fragments. RFLP was used for
a mixture of various restrictive enzymes, which were determined by the different
HBV genotype sequences in GenBank. This approach is used in the A-F genotype
determination. In 2004, Zeng et al. introduced a modified S-based RFLP technique
that detects HBV A-H genotypes. In this process, five enzymes, Styl, BsrI, Dpnl,
Hpaii and Eael, were used before the restriction of enzyme digestion. The method
was contrasted with another RFLP method for the Pre-S1 field, with 96, 8 percent
of the data.

Nested PCR-RFLP method for HBV genotyping is simple and inexpensive for
clinical diagnostic in large scale. PCR-RFLP assay is more sensitive to identify-
ing HBV viral populations [28]. This method can detect mixed genotypes and
can determine subgenotypes in large population studies [56]. Toan et al. used the
restriction enzyme Tsp5091 to restrict patterns and predicted fragment sizes deter-
mined HBV genotypes, while Zeng et al. used five restriction enzymes, Styl, Bsr],
Dpnl, Hpall and Eael were deemed to be suitable for yielding restriction patterns.
These enzymes restrict at Per-S region (other study used EcoR1. This novel method
would identify several relative advantages. Firstly, it can identify all eight HBV
genotypes. Secondly, it is more accurate because it was based on analyzing many of
the sequences deposited in GeneBank. Thirdly, a simple and inexpensive strategy
can be adopted according to the most prevalent HBV genotypes in a particular
geographical region. Moreover, this method can be useful in evaluating clinical,
epidemiological and virological differences between genotypes [67]. Venegas
used restriction enzymes Sau3A I, Bsr I or Hpa II to cut the DNA at S region.
Vivekanandan and coworkers were used Hinfl and Tsp 5091 restriction enzymes but
he found that genotypes could not be assigned for a small proportion of strains and
this may be due to the presence of infection with multiple genotypes or with strains
that have altered and or additional recognition sites for the restriction enzymes
used in testing [68]. Neisi et al. used Avall and mbol restriction enzymes but he
resulted that the RFLP method cannot type mixed genotype infections. Other study
used Avall and DpnlI [69, 70].

Badar used five restriction enzymes Alwl, Earl, Hphl, Ncil and NlaIV. He
explained that the genotyping system can help to evaluate the etiological or
clinical relevance of HBV genotypes and to predict the progression of liver disease
or to investigate routes of infection [67]. Allen and coworkers described that the
RFLP assay method has been commonly used for identifying known polymor-
phisms in DNA from many organisms or tissues and for detecting YMDD motif
variations associated with in vitro lamivudine resistance patients. Moreover,
although the RFLP assay was more sensitive in identifying HBV viral populations,
one advantage of DNA sequencing over the RFLP that the DNA sequence provides
information at sites other than at specific codons and continues to be useful in
the detection of sequence variations at other sites for detecting quasi species.
PCR-RFLP has some limitations. These include its retrospective nature and small
sample size. Also, using a method is based on only a part of and not the entire of
HBV genome [4].

Restriction fragment mass polymorphism (RFMP) is another method for
detecting genotypes. Lee et al. utilized RFMP for HBV genotyping based on
genotypic variations in the S gene, which is similar to RFLP. This method depends
on restriction enzyme digestion of PCR products to produce genotype specific
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oligonucleotide fragments. The mass of the produced fragments is then determined
using matrix-assisted laser desorption/ionization—-time-of-flight (MALDI-TOF) mass
spectrometry. Other studies have reported the use of MALDI-TOF mass spectrometry
for determination of YMDD (tyrosine-methionine-aspartate-aspartate-motif)
mutations, which are linked to lamivudine (LAM) drug resistance [54].
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Establishment of a Mouse Model
of Chronic Hepatitis B Virus
Infection and Purification of
Hepatic Parenchymal and
Non-Parenchymal Cells

Yan Yan and Chantsalmaa Davgadorj

Abstract

The use of replication-competent hepatitis B virus (HBV) DNA to construct a
mouse model will help explore antiviral treatment strategies for more than 240
million patients infected with HBV worldwide. Eradication of chronic HBV infection
can effectively block the adverse consequences of HBV-induced hepatic cirrhosis,
failure and carcinoma. The core reason that HBV is difficult to eradicate is that most
of infected people develop chronic HBV infection due to the establishment of
immune tolerance. Here, we introduce a mouse model of adeno-associated virus
(AAV)-HBYV transfection, which produces HBV surface antigen (HBsAg) that can be
maintained for more than 6 months. During virus replication, intermediates, tran-
scripts, and proteins can be detected in peripheral blood. At the same time, the
prerequisite for studying liver disease formation and immunotherapy through iz vitro
experiments is to isolate hepatic subgroup cells. Here, we describe a cell sorting
method based on liberase perfusion technology combined with low-speed centrifu-
gation and magnetic bead antibody labeling to purify hepatic parenchymal cells (PCs)
and non-parenchymal cells (NPCs) step by step from murine liver, such as hepatic
sinusoidal endothelial cells (LSECs) and Kupffer cells (KCs), which will help acceler-
ate the study of the genetic and clearance mechanistic of chronic HBV infection.

Keywords: hepatitis B virus, CD8" T cell, hepatic parenchymal cell (HPC),
hepatic sinusoidal endothelial cell (LSEC), Kupffer cell (KC)

1. Introduction

Hepatitis B virus (HBV) has an extremely narrow host-range, such as humans [1],
chimpanzees [2], Mauritian cynomolgus monkey [3], treeshrew [4, 5] and woodchuck
[6, 7]. These model thereby can be exploited to investigate viral-host interaction and
pathogenesis including acute hepatitis, chronic hepatitis, hepatic fibrosis, hepatic
cirrhosis and hepatic carcinoma. There are certain limitations using of these models,
due to expensive facilities required, difficult to care and ethics restriction, and the
shortage of reagents for measuring host factors and for investigating host
immunopathogenesis, such as chimpanzees. Mouse is considered to be a less expensive
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alternative animal model, but its liver lacks the sodium taurocholate cotransporting
polypeptide (NTCP) needed for HBV infection. Although human-NTCP (huNTCP)
transgenic mice are considered to be able to construct HBV-infected mice, the results
failed to support the original hypothesis by measuring HBV DNA [8].

Studies on the HBV mouse models have gone through several generations,
involved in HBV DNA transgenic mice [9], HBV DNA transfected mice [10], HBV
rc-cccDNA transfected mice [11], HBV-infected liver chimeric humanized mice and
CRISPR/Cas9 technological NRG/Fah—/— immune deficient mice [12]. Their
advantages and disadvantages are as follows, separately: (1) 1.3-fold HBV genome
transgenic mice support the expression of viral RNA and viral proteins in the liver,
and can develop complete pgRNA, viral assembly and viral secretion during in the
viral cycle, and support endosomal antiviral [13]. Due to the integration of the HBV
genome in the host chromosome, the disadvantages of transgenic mice include the
undetectable HBV cccDNA in mouse hepatocytes, the innate immune tolerance to
HBYV antigens (Ags), and the inability to study Ag-related immune activation. (2)
The 1.2-fold HBV genomic DNA hydrodynamic injection (H.I.) model is one major
breakthrough and first developed to meet the requirements of mouse nonintegrated
viral genomes [14]. Different from immunodeficient mice such as liver humanized
mice, the mice can express HBV Ags, and the immune system can also recognize the
Ags to stimulate virus-specific immune responses. This model system can be used to
test HBV cure strategies and study HBV immunology [15, 16]. However, this mode
has limitation of mouse category. For example, experiments have shown that male
C3H and C57BL/6 J are more effective, and the success rate varies in mouse models
[17, 18]. The operation of H.I. also requires a high level of technical proficiency. The
AAV-HBV vector has minimal AAV genome, only the essential AAV inverted
terminal repeat sequence (ITR), is used to analyze the virus packaging and does not
encode any AAV viral proteins. Therefore, this vector provides a clean background
when analyzing HBV-specific immune responses. In our chapter, we will introduce
how to establish this mouse model, the detectable HBsAg protein persists in blood
or liver more than 6 months and has been widely used as chronic infection model
[19]. (3) HBV replication is not detectable and HBV cccDNA non-formation is
suggested to be restricted in mouse model [20]. HBV cccDNA is a symbol of
continuous virus replication and an indispensable component for HBV to cause liver
damage and fibrosis [21]. The half-life of HBV cccDNA is long in the human liver,
which is a difficult problem for clinical cure of hepatitis B. Construct a transfected
recombinant minicircle cccDNA achieving long-term maintenance in C3H mouse
modle contributes to investigating HBV cccDNA-related biology and for evaluating
anti-HBV drugs [11]. In order to overcome the shortcoming of cccDNA lasting only
a few weeks, a mouse model was constructed using adenovirus vectors and the
linear HBV cccDNA genome was delivered to Cre transgenic mouse [22]. (4)
Humanized immunodeficient mice have been used to generate HBV-infected mice
[23]. However, these animals lace a functional immune system, hindering research
on immunological issues related to HBV infection and immunotherapy.

At present, AAV-HBV plasmid transfection can obtain an ideal HBV chronic
infection mouse model, and it has been applied in a number of studies [14, 24, 25]. In
the clinical recovery process of chronic hepatitis B, there are strict rules on the
selectivity of anti-viral therapy for patients to ensure that interferon combined with
nucleoside analog therapy produces better results. Therefore, it is necessary to further
understand the relationship between drugs, HBV and hepatocyte immunity. As our
previous studies have shown, TLRs [26, 27] and chemokines [15, 25] can promote the
clearance of HBV by regulating the status of hepatic parenchymal cells (PCs) and
non-parenchymal cells (NPCs), and also clarifies the cellular mechanism. Hepatic PCs
and NPCs play a key role in mediating liver immune tolerance and mediating early
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innate and adaptive immune responses. Small molecule drugs or cytokines activate
these cells to promote virus clearance. The specific mechanism will be verified using
isolated mouse hepatocytes and the corresponding mechanism will be explained.

2. Materials

2.1 Materials for transformation and extraction of plasmids

1.Plasmid: The plasmid pAAV/HBV1.2 (ampicillin resistance) was kindly
provided by Prof. Chen Pei-Jer (Graduate Institute of Clinical Medicine,
College of Medicine, National Taiwan University, Taiwan), containing 1.2
times of the full-length DNA HBV genome [28].

2.Sterilized 100 mL liquid Luria Broth (LB) bacterial medium and 50 mL Luria
Agar (LA) (1.5-2% agar, 0.75-1 g) solid bacterial medium [29]. LB medium:
Tryptone 1 g/L, Yeast extract 0.5 g/L, NaCl 1 g/L, pH 7.4. The final volume of
the solution is up to 100 mL.

3.50 pL competent E.coli DH5a strain bath in broken ice (Laboratory preparation
or purchase).

4. Sterilized ddH,0, 1 mol/L CaCl,, 0.6 mol/L MgCl, and sterile 50 pg/mL
ampicillin (Amp) (Invitrogen).

5.Water bath at 42°C.
6. A horizontal shaker with constant temperature at 37°C.
7.5% CO,, 37°C incubator for bacterial culture.

8.NucleoBond Xtra Maxi EF, Maxi kit for endotoxin-free plasmid DNA kits
(Macherey-Nagel).

9.4% paraformaldehyde: 4 g paraformaldehyde powder is dissolved in PBS at 56°C,
stored at room temperature and protected from light.

2.2 Materials, reagents and culture media for hepatocyte extraction and culture
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1.Mice: 6-8 weeks old male C57BL/6 ] are bred and maintained under specific
pathogen-free (SPF) conditions in the Animal Research Center.

2.Water bath at 37°C.

3.Sterile 50 mL conical centrifuge tubes, 25 mL disposable plastic pipettes and
adjustable pipette device.

4.Disposable 70 pm filters or reusable stainless steel meshes.
5.Sterile 10-cm bacteria or cell petri dishes.

6.A 50 mL beaker containing surgical instruments soaked in 75% alcohol, several
pairs of ophthalmological scissors and fine-pointed ophthalmological tweezers.
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Perfusion buffer and medium Reagent ingredient Total Proportion
amount
Liberase digestive medium Liberase powder 50 mg —20°C
(LDM)
GBSS buffer 7.14 mL 300 pL/tube
(aliquot)
Liver perfusion medium LDM 300 pL/ —20°C
(LPM) tube
GBSS buffer 30 mL
Liver cell digestion medium DMEM (High glucose) 500 mL
(LCDM)
Hepes (1 mol/L) 7.5 mL 15 mmol/L
Penicillin (100 x) 5mL 1%
Hepatocyte culture medium Williams’” Medium 500 mL Sigma-Aldrich
(HCM)
Fetal bovine serum 50 mL 10%
100 x L-glutamine (Glu) 5mL 1%
Hepes (1 mol/L) 2.5 mL 5 mmol/L
Penicillin (100 x) 5mL 1%
DMSO 10 mL 2%
Hydrocortisone 0.05nM
Insulin 5 pL/mL
100 x None essential amino acid 5mL 1%
(NEAA)
LSEC/KC medium DMEM (High glucose) 500 mL
Fetal bovine serum 50 mL 10%
100 x L-Glu (glutamine) 5mL 1%
Hepes (1 mol/L) 2.5mL 5 mmol/L
Table 1.

Formulas of perfusion and hepatocyte culture media.

7.75% ethanol, adjustable-speed peristaltic pump and perfusion connection line
device (27 gauge 1.25 inch needles).

8.24-well and 48-well culture plates pre-coated with mouse collagenase type II
(Sigma-Aldrich), rinse 3-4 times with PBS before use.

9.Sterilized 1 L phosphate buffered saline (PBS, calcium- and magnesium-free):
7.9 g NaCl, 0.2 g KCl, 0.24 g Na,HPO, and 1.8 g K,;HPO,, pH 7.4.

! Dilute 5 mg rat tail collagen type II with 1 mL 0.006 mol/L (0.36 g/L) sterile acetic acid solution, and
dissolve 240 L of collagen II (5 mg /mL) to 95 mL sterile acetic acid solution, and finally dilute to

100 mL. Dissolve the rat tail collagen type II solution used for coating at 5-8 pg/cm? (cm” refers to the
bottom surface area of the culture well) (12 pg/mL). Add 300 pL to each well of 24 well plate, and add
150 pL to each well of 48 well plate, then dry overnight under ultraviolet light. The dried plates are kept
sealed and can be stored stably for several months (>3 months) at 4-25°C.
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10. Sterilized Gey’s balanced salt solution (GBSS, calcium-free): 0.14 mM NaCl,
5 mM KCl, 0.3 mM MgSO,4, 1 mM Na,HPO,4, 3 mM NaHCO3, 0.2 mM
KH,PO,4, 1 mM MgCl,, 5.5 mM glucose, pH 7.4.

11. The formulas of digestive enzymes, culture media and drugs are shown in
Table 1.

12.0.2% trypan blue, a hemacytometer, a cover glass and a large amount of
absorbent tissues.

13.MACS buffer: 1 x PBS adds a total volume of 0.05% bovine serum albumin
(BSA) and 2 ml EDTA:Na, (0.5M), pH 7.2.

14.PE rat anti-mouse CD146 antibody (Ab), biotin anti-mouse-F4/80 Ab, anti-
PE magnetic beads and streptavidin magnetic beads.

15.BD IMag™ Cell Separation Magnet (BD Biosciences) or MACS separator plus
LS Columns (Miltenyi Biotec).

16.5% CO,, 37°C incubator for cell culture.

17.Optional: Pentobarbital.

3. Method

3.1 Plasmid enlargement culture and extraction from bacteria

1.2 uL pAAV/HBV1.2 mix with 45 pL ddH20, 2.5 pL CaCl, (1 mol/L), 2.5 pL MgCl,
(0.6 mol/L), then added 50 pL competent E.coli DH5a strain, and bathe in ice.
Transformation conditions: ice bath 40 min, 42°C heat shock 1.5 min, ice bath
2 min. Add 0.8 mL LB medium, shake for 1 h at 37°C, then centrifugation at
6000 r/min for 5 min, discard the supernatant and inoculate 200 pL transformation
bacteria on LB solid medium (Amp*), and incubate approximate 16 h at 37°C.

2.The target plasmids are extracted as directed by the Macherey-Nagel
manufacturer’ instructions. The user manual can be downloaded from the
website: https://www.mn-net.com/nucleobond-xtra-maxi-kit-for-transfec
tion-grade-plasmid-dna-740414.502c=3889. Plasmid DNA is divided and
stored below —20°C. Detection of DNA concentration before use.?

3.2 Mouse model

1.10 pg of pAAV/HBV1.2 plasmid are injected (H.I.) into the mouse tail veins in
a volume of PBS equivalent to 10% of their body weights (g) (v/w) is
completed within 5 s [10, 30].

2.HBV replication in the injected mouse serum: Blood specimens are taken from
the cheeks of H.I. mice and used to detect hepatitis B surface antigens

(HBsAg), hepatitis B e antigens (HBeAg), hepatitis B surface antibodies (anti-
HBs), or hepatitis B core antibodies (anti-HBs) at 2 weeks post injection [10].

% Send the diluted 20 pL DNA for sequencing or real-time PCR to verify accuracy.
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Serum levels of HBsAg, HBeAg and HBsAb are detected with ELISA according
to the reagent instructions (Jingmei Biotechnology).

3.HBV transcription in the liver: The mouse liver is used to preserve in 4%
polyformaldehyde for the next immunohistochemical analysis [10, 25]
(Another alternative detection method.?

3.3 Perfusion and digestion of mouse liver
1. Biosecurity cabinet and perfusion labs for pre-ultraviolet disinfection.
2.Warm up the PBS and LPM at 37°C, at least 15 mL per mouse per reagent.

3.Install the needle at one end of the perimeter pump line, rinse the line with
75% ethanol for 20 min, then rinse with PBS to remove residual ethanol.

4.Prepare a 10 cm sterile petri dish containing 10 mL of LCDM for liver cell
separation and cleaning in the biosecurity cabinet, and an ice box to place cell
samples from liver separation on ice. The spare LCDM is also placed in the ice box.

5.Anesthetize or kill the mouse. In the reclining position, according to the
previous description [31], the limbs of the mouse are secured with tape on the
foam work platform and operated under sterile conditions.*

6.Clean the outer surface of the mouse’s chest and abdomen with alcohol. The
whole process is fast and leaves no blank spots. The skin is the main source of
contamination. Use surgical instruments to cut the mouse’s abdominal fur in a
semicircle below shape, turn it upside down and secure the peritoneum with a
surgical instrument.

7.Find the inlet vein of the liver, check the pipes for bubbles, insert a fine needle
from the distal end of the inlet vein, and secure the position of the needle. Perfuse
the liver tissue with PBS at a speed of 3-5 mL/min, and then cut off the inferior
cavity vein after a few seconds. After removing the thrombosis and completing the
complete PBS perfusion and 15 mL LPM continuous perfusion.>*”

3 Detect the level of nucleocapsid HBV DNA extracted from 60 mg of murine liver by real-time PCR on
the ABI PRISM 7500 Sequence Detection System (ABI PRISM™). Use an All-In-One DNA/RNA/Protein
Mini-preps kit (Sangon Biotech) to purify total DNA from serum. According to the manufacturer’s
instructions, use careHBV PCR Assay V3 reagents (QIAGEN, China) for HBV DNA detection. This type
of model chronic HBV mice has no liver damage and abnormal serum alanine aminotransferase (ALT).
* Using tape instead of puncture fixation can reduce the pain of mice and also prevent the mice from
waking up from anesthesia as soon as possible.

> Before starting priming, carefully check and remove any visible air bubbles in the pump system.
Properly activating the pump and piercing the needle into the portal vein to remove any invisible air in
the needle tip area may block the microcapillaries and cause insufficient perfusion of certain liver lobes.
© This is a non-circulatory perfusion, and all liquid will flow out of the inferior vena cava. Therefore, it is
necessary to lay some absorbent tissues on the foam workbench where the mouse is fixed.

7 Perfusion and digestion are very important steps. During the digestion process, digestive enzymes are
injected and the severed inferior vena cava is pressed to close the vascular output, so that the liver is fully
perfused and expanded, which can prolong the effective digestion time. After ideal digestion, the liver
will turn from red to yellow-white, and the tissues will become soft after digestion. The more complete
the liver digestion, the higher the ratio of single cells to live hepatic parenchymal cells, and the higher the

survival rate in culture.
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8. After perfusion, clamp the digested liver tissue with ophthalmic tweezer, cut
off the connective tissue around it with slight operation, and place it in the dish
containing LCDM in biosecurity cabinet.

9.Firstly, peel off the gallbladder. Using two sets of disinfection ophthalmic
tweezers to gently scrape the liver capsule, gently shake the liver tissue
to release the digested single cells, and 10 mL LCDM becomes muddy,
only a small amount of fibrous tissue remaining is the ideal digestion
process.®

3.4 Isolation and culture of hepatocytes

1. Transfer the hepatocyte suspension to a new 50 mL centrifuge tube via a
70 pm filter. Wash the 10 cm petri dish 2-3 times with 15 mL LCDM and
transfer to the 50 mL conical centrifuge tube via the same 70 pm filter.

2.Hepatic PCs: After isolating all mouse hepatocytes, the hepatocyte suspension
can be placed on ice.

i. Spin the cells at 50 g at 4°C for 5 min, 3 times, and wash with
hepatocyte culture medium (HCM); Centrifuge has 9 speeds of
acceleration and 9 speeds of decelerates (i.e., acceleration of 9,
deceleration of 9).

ii. Aspirate the supernatant into a new 50 mL centrifuge tube. The
supernatant contains hepatic non-parenchymal cells (NPCs).” The
precipitated cells are hepatic PCs.

iii. Inoculate hepatic PCs on a 24-well plates covered with collagen II,
360 pL/well (Use HCM to dilute PCs to 3.5 x 10° cells/ml before
inoculation).

iv. Incubate at 37°C, 5% CO2, and shake at the crossover level every
15 min for 1 h to suspend the hepatocytes with lower viability.
Incubate overnight, wash with PBS 3 times, change the medium and
continue culturing. The morphology of hepatic PCs is shown in
Figure 1.10

4. Hepatic NPCs (LSECs/KCs)

i. Spin hepatic NPCs at 4°C, 300 g for 10 min; Accelerate by 9, decelerate by
9; Discard the supernatant and gently scrape the bottom to allow the cells to

® Do not damage the gallbladder during the entire process of liver separation, as this will reduce the
production and viability of hepatic parenchymal cells. After the liver is digested, only a small amount of
fibrous tissue remains, which means it is in the best digestion state.

? The supernatant of hepatic PCs of the same mouse each time washing may contain target hepatic
NPCs, all of which are mixed together for subsequent cell sorting.

0 Experimental results show that the survival rate of mouse liver parenchymal hepatocytes needs to
reach more than 70%, and a better survival rate can be obtained after culture. Mature hepatocytes mostly

have two nuclei and three nuclei. In addition, even if washed with PBS, dead cells will still exist.
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Figure 1.
hepatic PCs cultured for 48 h
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ii.

iii.

iv.

Vi.

vii.

viii.

suspend; Wash the NPCs with 50 mL MACS buffer, pick out if there are
dead cells or tissue clumps, centrifuge as above, discard the supernatant,
and gently scrape the bottom.

Add the selected PE rat anti-mouse CD146 Ab solution (2.5 pL. Ab +250 mL
MACS per liver) to the cell suspension for labeling LSECs, protected from light.

Incubate at 4°C for 20 min or at room temperature for 30 min.

Add more than 10 times the volume of MACS buffer to the incubated cells
for washing.

. Spin NPCs at 4°C>300 g for 10 min; Accelerate by 9, decelerate by 9;

Discard the supernatant and gently scrape the bottom to allow the cells to
suspend.

Add 20 pL of anti-PE magnetic bead to 180 pL of MACS buffer in each liver
specimen.

Incubate at 4°C for 15 min, add 10 times the volume of MACS buffer, and
spin at 4°C, 300 g for 10 min.

Discard the supernatant, supplement with MACS until the number of cells
is 1-8 x 10”cells/mL, put it in one or more flow cytometry tubes and
immediately place them on the BD IMag™ Cell Separation Magnet for
8-10 min to attract the cells labeled with magnetic beads; keep the flow
tubes on the magnetic stand, and carefully aspirate the supernatants to a
new 50 mL tube. Using the same suction method, suspend and clean the old
tube twice with MACS. The negative cells in the supernatants can be
collected in a new tube.
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Figure 2.
hepatic NPCs cultured for 48 h.

ix. Add 1 mL LSEC culture medium to suspend the cells. After counting,
inoculate the diluted LSECs (1 x 10°/mL) into a 48-well plate pre-coated
with collagen II, and inoculate 500 pL per well.

x. Spin the liquid collected in step viii with a 50 mL tube at 4°C and 300 g for
10 min, and discard the supernatant. Gently scrape the bottom to suspend
the cells and add 2.5 pL biotin anti-mouse-F4/80 Ab MACS solution (2.5 pL
Ab +250 mL MACS per liver).

xi. Refer to steps iii-v for antibody incubation and washing, and add 20 pL
streptavidin magnetic bead to 180 pL MACS buffer in each liver specimen.

xii. Incubation and magnetic attraction are the same as steps vii-viii to obtain
F4/80* KCs. Add 1 mL KC culture medium to suspend the cells. After
counting, inoculate the diluted KCs (1 x 10°/mL) into a 96-well plate with
200 pL per well.

xiii. Both LSECs and KCs need to be cultured overnight in a 5% CO, 37°C
incubator. The next day, wash with PBS 3 times, and add DMEM complete
medium the next day. The cell morphology of LSECs and KCs is shown in
Figure 2.
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Chapter 4

Level of Antibody Response
against Hepatitis B Virus after
Vaccination and Seroprevalence
of HBV in Children Addis Ababa,
Ethiopia

Habtamu Biazin Kebede and Seifegebriel Teshome

Abstract

Approximately 2 billion people worldwide are infected with HBV and more
than 240 million are chronic carriers. The World Health Organization officially
launched the introduction of the hepatitis B vaccine for children in 1980. Since
then, different countries have determined the level of response to the vaccine. Since
the introduction of the vaccine in Ethiopia in 2007, there have been few studies
evaluating the antibody response to the HBV vaccine. Therefore, the purpose of this
study is to determine the HBV antibody response after hepatitis B vaccination and
to evaluate the HBV seroprevalence of children in Addis Ababa, Ethiopia. A cross-
sectional study was conducted using a multistage probability sampling technique.
Four hundred and fifty children between the ages of five and eight living in Addis
Ababa were enrolled. Socio-demographic characteristics were obtained through
a structured questionnaire and three to four ml of blood was collected from each
child. ELISA was performed to determine antibody levels against HBV. The aver-
age age is seven + one (SD) years. Anti-HBs were detected in 54.3% (208/450) of
children, and girls 98 (54.7%) had a slightly higher level of protection than boys 110
did (53.9%). The overall coverage rate of the vaccine in this study was 85.1%. The
proportion of children with protective levels (> 10 mIU / ml of anti-HBs antibod-
ies) decreased with increasing age of the children: 5, 6, 7 and 8 years were 52.6%,
60%, 43.5% and 37.1%, respectively. The seroprevalence rate for HBsAg is 0.4%
and the seroprevalence rate for anti-HBc is 5.6%. Age and antibody response level
were negatively correlated (p = 0.001), while gender and history of HBV infection
were not significantly correlated. Age was also significantly correlated with anti-
HBc seropositivity (p = 0.003). HBV vaccine coverage for children is high, but the
antibody response to the vaccine appears to be low. The seropositivity rate for the
virus is also very low. Low levels of response to the vaccine should be a problem. For
unresponsive children, revaccination or booster doses should be considered. More
research needs to be done.

Keywords: HBV, antibody response level, vaccination status, HBsAg, Anti HBsAg,
Anti HBc
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1. Introduction

Hepatitis B virus (HBV) infection is a serious global health concern. Around two
billion people have been infected with HBV worldwide, and more than 257 million
people are currently living with hepatitis B virus infection [1]. There are an estimated
600,000 deaths annually from complications of HBV-related liver diseases [2]. The
highest numbers of HBsAg carriers are found in developing countries with limited
medical facilities. Endemicity levels of chronic HBV infection are classified as high
(>8%), intermediate (2-8%), or low (<2%). Based on this classification, sub-Saharan
African countries including Ethiopia are considered regions of high endemicity [1].

HBYV infection can be prevented by using the HBV vaccine. HBV vaccine has
been commercially avail- able since the 1980s. In 1991, WHO recommended the
integration of the HBV vaccine into the national immunization programs and by
the end of 2005, the vaccine coverage was 82.3% globally [3, 4]. Hepatitis B vaccine
for infants had been introduced in 183 countries by the end of 2013. In 2007, almost
all sub-Saharan African countries had Hepatitis B vaccination in their national
program [5]. HBV vaccine was introduced into the Ethiopian Expanded Program of
Immunization (EPI) in 2007 and national coverage had reached 86% by 2015 [6].

Immune response to the vaccine can be determined by measuring the concentra-
tion of antibodies against the HBsAg. Anti-HBs in vaccinated children decline with
time, especially during the first few years of vaccination. Most children produce a
high concentration of antibodies following vaccination; however, few children can
have low or no response to the vaccine. The reason for this low or no response against
the HBV vaccine is not well known. However, the site of injection and modes of
administration are thought to be critical factors in achieving an optimal response [7].
Data on the level of immune responses against HBV vaccine in Ethiopia is very lim-
ited. This study was conducted to contribute to the base- line data needed for further
monitoring of HBV vaccination effectiveness in Ethiopia and provides information on
the level of immune responses against HBV vaccine among children in Addis Ababa.

2. Patients and methods
2.1 Study area and period

The study was conducted in Addis Ababa, which is the capital city of Ethiopia
from April 2016 to May 2017. A total number of 450 children (5-8 years old) were
recruited.
2.2 Study design

A prospective cross-sectional study design was used. Healthy appearing
5-8 years old children were included in the study following their parents’ consent.
Vaccination status was used to include and exclude participants.

2.3 Sample size determination and sampling technique

The required samples size for this study was calculated using 50% of prevalence
in vaccine response using the following formula:

[Za )2 o4
2
n == 1)
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where, n = sample size

q=1-p

p = proportion

Z = confidence interval.

Using confidence interval of 95%, Z = 1.96

N_(196f*05*05

=385 2
(0.5)’ @

The total number of the samples with 10% non- respondents should come to
424. However, just to be safe we collected 450 samples.

2.4 Data collection

There was a structured questionnaire to collect all relevant information about
the study participants. After the participant’s family agreed to take part in the
study, they signed an in- formed consent form. 3-4 ml of blood sample was
collected from each child and the serum was separated and stored at -20°C until
further use.

2.5 Ethical clearance

Ethical clearance was obtained from the AHRI/ALERT Research Ethics Review
Committee and the department of ethical research committee. A support letter was
obtained from the Addis Ababa Health Bureau and from the health bureaus of each
sub city. Written informed consent was obtained from each participant’s parent or
guardian before enrollment.

2.6 Data analysis and interpretation

SPSS Software statistical package version 20.0 was used to analyze the data.
Association was determined by Chi-square test. P-values less than 0.05 were consid-
ered as statistically significant.

2.7 Serological assays

Serum level HBsAg, anti-HBc, and anti-HBsAg were determined using sandwich
ELISA, where antigens/monoclonal antibodies were used both for capture and
detection. All ELISA experiments were performed using BIO-RAD, Monolisa ELISA
test kits, France. The test kits have a high sensitivity and specificity and each test
procedure was undertaken according to the manufacturer’s instruction based on
standard operating procedures.

2.8 Operational definitions

Hepatitis B virus: A DNA virus that attacks the liver and can cause both acute
and chronic disease.

HBsAg: It is the surface antigen of the hepatitis B virus. It indicates the presence
of active hepatitis B infection.

Anti-HBsAg: An antibody that is produced against HBV infection or
vaccination.
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Anti-HBsAg: An antibody that indicates previous or ongoing infection with the
hepatitis B virus in an undefined period.

3. Results
3.1 Socio-demographic characteristics

The mean age of the study participants was 7 + 1 (SD) years. Among these,
244 (54.2%) were male and 383 (85.1%) had been vaccinated. Forty-nine (10.9%)

children had a history of infectious disease, fifteen (3.3%) had a history of nonin-
fectious disease, while three (0.7%) were HIV positive (Table 1).

Characteristics Categories Number (n) Percentage
Sex Male 204 54.2
Female 206 458
Age 5 95 211
6 130 289
7 124 276
8 101 224
Place of birth Urban 422 93.8
Rural 28 6.2
Sub city Gulele 45 10
Kirkos 92 204
Lideta 313 69.5
History of previous disease status Yes 66 14.7
No 384 853
Infectious 49 10.9
Disease type Non Infectious 15 33
Immunocompromised 3 0.7
None 383 85.1
Vaccination status Vaccinated for HBV 383 85.1
Non vaccinated for HBV 67 14.9

Table 1.

Socio demographic characteristics of children between the age of 5 and 8 years old in Addis Ababa Ethiopia.

Vaccination status Sex
Male Female Total Pvalue
Frequency % Frequency %
Vaccinated 204 83.6 179 86.9 383 0.33
Non-vaccinated 40 16.4 27 131 67
Total 244 100 306 100 450
Table 2.

The coverage of hepatitis B vaccination among 5-8 year-old childven in Addis Ababa.
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3.2 Vaccination status

383 (85.1%) out of 450 children had received HBV vaccination, of which 99.2%
(380/383) of them had received the complete three doses of the vaccination. Only
two (0.8%) children among the vaccinated had taken just two doses of the vaccine.
There was no one who took only a single dose of the vaccine. The proportion of girls
vaccinated (86.9%) is slightly higher than of boys (83.6%) as tabulated in Table 2.

3.3 Level of anti HBsAg Ab

Anti-HBsAg concentration > 10mIU/ml was observed in 214 (47.6%) children,
six of whom were unvaccinated. Among the 383 vaccinated children, 208 (54.3%)
had a protective level of antibody concentration (anti-HBsAg concentration of
>10mIU/ml), while the remaining 47.3% did not. Among 67 unvaccinated children,
61 (91%) had anti HBsAg <10mIU/ml. From the three HIV infected participants,
two of them were vaccinated. However, they did not have protective level antibody
response (anti-HBsAg <10mIU/ml) (Figure1).

Anti HBsAg concentration
0.97%

3.84%

m 10-100mIu/ml

M 100-400mIU/ml
m 400-1000mIU/ml
M >1000mIu/mil

Figure 1.
Antibody response against hepatitis B vaccine in children between 5 and 8 years, Addis Ababa Ethiopia.

Variables Categories Number (n) Percent (%) Pvalue

Sex Male 15(244) 6.1 0.551
Female 10(196) 49

Vaccination status Vaccinated 10(383) 2.6 0.000
Not vaccinated 15(67) 24

Age 5 4(95) 4.2 0.03
6 3(130) 23
7 5(124) 4.0
8 13(101) 129

Previous disease status Yes 5(66) 76 0.438
No 20(384) 52

Table 3.

Seroprevalence of anti-HBc in 5-8 years old children in Addis Ababa, 2016-2017.
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Anti-HBsAg concentration by age: A protective level antibody response against
HBV vaccine was observed in 52.6%, 60%, 43.5% and 37.1% of children at the ages
of 5, 6, 7, and 8, respectively. There was a significant association between age and
the concentration of anti-HBsAg (p = 0.001). The levels of antibody concentration
decreased as the age of the participant increased.

Seroprevalence of hepatitis B: From 450 children, only two (0.4%) were positive
for HBsAg and 25 (5.6%) were positive for anti-HBc. 1 child (0.2%) was positive for
both HBsAg and anti-HBc (Table 3). The two children who were positive for HBsAg
were females, 5 years old, asymptomatic, and vaccinated for HBV.

Among anti-HBc positive children, 15 (6.1%) were male while 10 (4.9%)
were female. There was no significant association between sex and anti-HBcAb
(p = 0.551). Ten (2.6%) of anti-HBc positive children had received vaccination
prior to this study. Among non-vaccinated children in this study, 15 (22.4%) were
anti-HBc positive. There was a negative correlation between vaccination status and
anti- HBc positivity (p = 0.000).

The seroprevalence of anti-HBc was 4.2%, 2.3%, 4% and 12.9% in 5, 6, 7 and
8 year old children, respectively. Age was significantly associated with anti- HBc
seroprevalence (p = 0.03).

4. Discussion

The primary goal of vaccination against HBV is to generate an effective antibody
response against the virus. The efficacy of HBV vaccine has not been determined in
Ethiopia since its introduction in 2007. HBV vaccine coverage rate observed (85.1%)
in our study is comparable with the estimated (86%) national coverage reported
in 2015 [6]. Evidence has shown that the immune response against the vaccine
decreases with increasing age. Our study observed a similar association between age
and immune response against HBV vaccine.

In this study, 54.3% of vaccinated children had protective antibody response, as
well as was obtained with low seroprevalence of HBsAg and anti-HBc of 0.4% and
5.6%, respectively. This result is comparable with a study conducted in Yemen and
in Iran, where 54.8% and 56.3% of the children had protective antibody responses,
respectively [8, 9].

However, in other areas, higher proportions of children were reported with
protective level antibody responses in comparison to our study. Studies con- ducted
in different areas of Iran observed that 78% of 5-10 years old children [10], 84% of
5 to 7 years old children [11], and 87.6% of under 7 years old children [12] had a pro-
tective level antibody response against HBV. A study that was conducted in Spain
also revealed that 85% of children at the age of seven had protective level antibody
response to the vaccine [13]. The difference in these countries could be attributed to
differences in dose, vaccine type, and vaccination route.

In contrast to our study, a lower proportion of children with protective level
antibody responses were observed in other studies. For example, in a study con-
ducted in Egypt, 39.3% of the children (6-12 years old) had protective level anti-
body responses [14]. In addition, in different areas of Iran, only 47.9% of 10-11 year
old children [15], 48% of 7 to 9 year old children [16], and 30% of the 8 months to
15-year-old children [17] had between ages of 8 months and 15 years had protec-
tive level antibody responses against HBV vaccine. These differences may be due to
sampling difference, type of vaccine, and different age for vaccine administration.

Seroprevalence of HBsAg among vaccinated children varies in different coun-
tries ranging from 0 to 2.5%. Seroprevalence of HBsAg was 1.8% in Yemen [8],
0.13% in Nepal [18], 2.3% in Papua New Guinea [19], 0.77% in Eastern China [20],
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2.5% in northwest China [21], while it was 0.4% in our study. This difference in
seroprevalence of HBV infection could be attributed to the difference in vaccine
coverage and difference in vaccination schedule.

In our study, seroprevalence of anti-HBc was 5.6%, which is lower than anti-
HBc seroprevalence observed in studies conducted in Gambia (17.7%) [22], China
(14.1%) [21] and Iran (7.5%) [23]. These discrepancies in anti-HBc seroprevalence
could be attributed to age difference, race, prevalence of HBV, and immune
response level.

Nowadays, mutant hepatitis B viruses are spreading globally. Vaccination regime
and vaccine type should also be considered when we administer the vaccine to the
child. High seroprevalence of anti- HBc in vaccinated children may indicate the
presence of an occult HBV infection, which is a concern for everyone that needs to

be addressed [24].
4.1 Limitations of the study

Some children did not come with their vaccination card. Therefore, we had to
use the words of their parents/guardians as evidence for vaccination, which is not
always reliable. Other serological markers of active HBV infection, like HBeAg,
were not examined in this study. Further, there was an unequal number of vacci-
nated and non-vaccinated children and the study design did not account for occult
infections.

5. Conclusion and recommendation

The vaccine coverage observed in this study is similar to that of the national
estimate in 2014. However, less than half of the children had a protective level of
anti- body response against HBV vaccine. Further, a negative association between
anti-HBsAg antibody concentration and age was observed. Serological markers for
hepatitis B virus were low: 0.4% for HBsAg and 5.6% of anti-HBc.

Persistence of anti-HBs antibodies is necessary for the long-term protection
against hepatitis B virus infection. Even if different factors can contribute to low
antibody response against the vaccine, we need to follow up children after vac-
cination, in order to see the effect of the vaccine in producing the desired response
over time.

Finally, further studies should be undertaken to determine the duration of
antibody response against HBV vaccine that may help in which years the vaccine
response becomes less and less. For those who did not respond to the vaccine,
booster doses should be given to enhance immunological responses to the vaccine.
This can be important to elevate the vaccine response. Follow up is needed for those
children who are administered with booster doses to evaluate response against the
vaccine in those children.
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Novel Diagnostic Approach and
Safe Blood Transfusion Practices
for Thalassemia: A Vital Role of a

Blood Centre in Western India
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Abstract

B-Thalassemia carrier’s frequency is uneven in different districts in Gujarat
(0-9.5%). Surat Raktadan Kendra & Research Centre (SRKRC), NABH accredited and
regional blood Centre in Surat (Gujarat, India) running since 1976, provides free blood
units to more than 350 Thalassemia Major Patients every year. Our DSIR (Department
of Scientific and Industrial Research, Ministry of Science and Technology, Govt. of
India) approved Research department has developed Multiplex ARMS-PCR including
4 common mutations which is a fast, reliable, and cost-effective method. Safe blood
transfusion is a priority for these patients because of having transfusion-associated
infections, formation of alloantibodies against donor’s antigens, developing different
grades of Blood Transfusion Reactions (BTR5), etc. Therefore, different approaches
have been implemented as routine practice by our Blood Centre, like the use of saline
washed and/or leuco-reduced Red Cell Concentrate for transfusion (reduces the risk
of BTR’s), NAT testing for Transfusion Transmitted Infections (reduces window
period of TTT’s), antibody screening of patient (if develop in patient) and molecular
genotyping of clinically important blood group antigens (Difficult to type these
patients serologically due to presence of donors’ red cells). Despite being Blood Centre,
contributing to developing novel diagnostic techniques and strictly following all possible
transfusion practices, SRKRC greatly helps in ensuring proper diagnosis, lengthening
the transfusion period and providing the safest blood to these patients.

Keywords: f-Thalassemia in India, multiplex ARMS-PCR, NAT testing,
molecular genotyping, blood transfusion, alloantibodies

1. Introduction

From a historical perspective, it is always a question and debate in what way
p-thalassemia has spread in the world to reach such high incidences in certain
populations. Hemoglobinopathies, including hemoglobin variants and thalassemia,
are a group of inherited disorders that arise due to mutation and/or deletions of
one or more globin genes that result in the production of structurally abnormal Hb
variants in the former and reduced rate of synthesis of the normal globin chains in
the latter [1, 2]. Thalassemia is a group of disorders of hemoglobin in which either
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globin chain synthesis is reduced or absent, therefore it is termed as a quantitative
disorder [3]. This inherited disorder of hemoglobin is considered the commonest
single-gene disorder globally with an autosomal recessive inheritance, which esti-
mated around 300,000 to 400,000 babies born each year suffering from the same
[4]. It is increasingly prevalent in the Mediterranean, Asia and Sub-Saharan Africa
along with other continents such as Europe, North America, and Australia due to
population migration and therefore, has become a global health problem [5]. The
carrier frequencies for p-thalassemia in these areas range from 1 to 20%, and rarely
may be higher. The frequencies for the milder forms of f-thalassemia are much
greater, varying from 10 to 20% in parts of sub- Saharan Africa to 40% or more in
some Middle Eastern and Indian populations, to as high as 80% in northern Papua
New Guinea and some isolated groups in the northeast of India [4].

1.1 The hemoglobinopathies: Burden in India

Among the different hemoglobinopathies, Beta-thalassemias and Sickle Cell
Disorders (SCD) pose a significant health burden in India. The average prevalence
of p-thalassemia carriers is 3-4%, which translates to 35 to 45 million carriers in our
multi-ethnic and culturally and linguistically diverse population of 1.21 billion peo-
ple that also includes around 8% of tribal groups. Several ethnic groups have a much
higher prevalence (4-17%) [6, 7]. Every year 10,000 children are being born with
thalassemia which approximately accounts for 10% of the total world incidence of
thalassemia-affected children [8] and one in eight thalassemia carriers live in India.
There are nearly 42 million carriers of the p-thalassemia trait. There are communi-
ties in which it is more prevalent like Sindhis, Punjabis, Gujaratis, Bengalis, Mahars,
Kolis, Saraswats, Lohanas, and Gaurs [9]. However, in the absence of National
Registries of patients, the exact numbers are not known. The March of Dimes Global
Report on Birth Defects has estimated that the prevalence of pathological hemo-
globinopathies in India is 1.2 per 1000 live births. It has been suggested that there
would be 32,400 babies with a serious hemoglobin disorder born each year based
on 27 million births per year in India [10-12]. Of the 10,000 to 12,000 thalassemic
children born annually in India, very few are optimally managed mainly in urban
regions although the Government of India has included the care and management of
patients with thalassemia and sickle cell disease in the 12th Five Year Plan. It has been
estimated that 2 million units of packed red cells would be needed for transfusion of
thalassemia patients in the country [13, 14]. Better management for beta-thalassemia
major patients mainly in urban regions in India with regular and safe blood transfu-
sions and adequate iron chelation allows them to have a better quality of life.

Hemoglobinopathies are more common in Gujarat compared to other Indian
states. Model and Petrou [15] have estimated a 12% incidence of major hemo-
globinopathy traits in Gujarat. Several studies have revealed a high prevalence of
p-thalassemia trait (BT'T) in some caste groups in Gujarat [16-18]. Certain castes
and tribes in Gujarat are yet to be investigated for thalassemia and other abnormal
haemoglobins. About 10-15% of the tribal population of India is in Gujarat, par-
ticularly in South Gujarat and the prevalence of sickle cell trait (SCT) varies from 0
to 31.4% among different tribes [19, 20].

2. Counseling, screening and prevention of beta-thalassemia
Diagnosis and management of this disorder both in adults and in newborns,

using appropriate approaches and uniform technology are important in different
regions of a vast and diverse country like India. SRKRC is running a screening and
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prevention program for Beta-thalassemia and Sickle cell anemia for the last 15 years.
Under this program, students from colleges and universities are screened for
hemoglobinopathies. The prevalence of Beta-thalassemia trait (BTT) was 4.4% and
sickle cell anemia was 1.3%, reported by SRKRC [20]. Castes like Lohana (10.8%),
Sindhi (10.2%), Prajapati (6.3%) and Ghanchi (6.2%) had a higher prevalence of
BTT, whereas Gamit, Vasava, Chaudhary and Mahyavanshi had a higher prevalence
of BTT (15.9, 13.6, and 6.9%) and SCT (22.2, 15.2, and 4.2%) respectively [20]. This
prevalence rate is not much different from the other parts of the country. Surat is

a multiethnic city. Castes like Lohana, Sindhi, Prajapati, Ghanchi, Gamit, Vasava,
Chaudhary, and Mahyavanshi have a high prevalence of thalassemia and sickle cell
anemia are prevalent. In Surat city, the prevalence of Beta- thalassemia trait was
4.4% and sickle cell anemia was 1.3%, reported by SRKRC.

2.1 Counseling for hemoglobinopathies

In every part of the world, there are individual groups that require counseling
for screening and diagnosis of their disease status. Such groups are [21];

* Pre-marriage counseling and screening

* Antenatal screening

* Preconception counseling and screening

* Prenatal diagnosis

* Neonatal screening

* Cord Blood for Haemoglobinopathy Screening

* Genetic counseling
2.1.1 Pre-mavriage counseling and screening

Undiagnosed Hemoglobinopathies is a potential threat, pre-marriage counseling
and screening is quick way that brings immediate change and result. In India still,
50% of the marriages take place where a girl and a boy do not know each other. In
such premarital counseling can be difficult. Premarital counseling can be done after
screening the carrier state of an individual and making him/her understand the
importance of this test and future consequences. Counseling can be done by prepar-
ing booklets, short movies and posters to increase awareness in society. The mar-
riage register can also do premarital consoling when any marriage gets registered
at the marriage registrar’ office. In villages, the main leaders or panchayatmukhiya
can take the responsibility of counseling and increase awareness among the people.
Furthermore, some studies found the increased rate of marriage cancelation due
to a better understanding of the disease and counseling by the couples at risk [22].
However, the actual targets have not been achieved yet due to many reasons includ-
ing consanguineous marriages, screening just before the marriage, individual or
family commitment, non-availability of alternative suitable partner, etc.

2.1.2 Antenatal screening

Itis very important in cases where premarital testing has not been done. Antenatal
screening usually takes place roughly between 12- and 20-weeks gestations of
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pregnancy. This screening is a sandwich between premarital screenings, counseling
and prenatal diagnosis. After the antenatal screening, if both the partners found
minor for Beta- thalassemia or sickle cell anemia, proper counseling should be done
for prenatal diagnosis. When a thalassemia major child takes birth, to give him/her
quite healthy and stable life a family needs to bear almost 2 lakhs per year includ-
ing blood transfusion and medications. Even after spending such a huge amount of
money and other pain full procedures of blood transfusion, a major child may not
live more than 20-30 yrs. We can prevent the birth of such a child with the help of
prenatal diagnosis by spending 10,000 rupees. By preventing the birth of a thalas-
semia major child, we can get rid of pain and disappointment.

2.1.3 Preconception counseling and screening

The infertility rate has increased due to stress, unhealthy lifestyles, marriages at
older age, etc. that ultimately enhances procedures like Intra-Uterine Insemination
(IUI) and In-vitro Fertilization (IVF). Both these procedures should be done under the
medical council guidelines. However, in India, it is very difficult where even pregnant
women do not register in clinics before 12 weeks of gestation. In the case of precon-
ception, counseling and screening are very important as if anyone partner is minor;
another partner of egg/sperm donor must be screened for the same before conception.

2.1.4 Prenatal diagnosis

The purpose of prenatal hemoglobinopathy screening is to identify and counsel
asymptomatic individuals whose offspring are at risk of an inherited hemoglo-
binopathy. Although, prenatal diagnosis is a huge set-up and sustains process that
needs expertise in molecular biology techniques. Proper and effective counseling
is the key factor for prenatal diagnosis. A couple who are not screened for Beta-
thalassemia minor and diagnosed at the time of pregnancy, for such kind of couple
would be requiring prenatal diagnosis within 3 months of pregnancy. After the
result of prenatal diagnosis, if the unborn is diagnosed as thalassemia major, a
gynecologist may give an option of abortion to such a couple.

2.1.5 Neonatal screening

Universal screening should be done where all newborn babies in these high-
risk groups are screened, as this would allow identification of other clinically
significant disorders such as homozygous Beta-thalassemia and all cases of Hb
S-Beta-thalassemia that could be transfusion dependent. Minor couples who do not
go for prenatal diagnosis, their newborn should be tested for mutation of thalas-
semia major.

2.1.6 Genetic counseling

Once a thalassemia major baby is born in a family it is very important to make
the parents and the family understands the consensus of the disease. Genetic guid-
ance is an effective preventive and educational process that improved the quality
of life of patients, preventing complications and sequels and allowed the referral of
those who may transmit altered genes for clinical diagnosis and to genetic counsel-
ing services. A trained counselor, a hematologist or a pediatrician can effectively do
this job. It is always a challenge for a family to raise such a diseased child like a nor-
mal one, moreover to bear the mental, physical and economical trauma lifelong that
will be associated with the blood transfusions and other treatments for the child.
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2.2 Methodologies for Hemoglobinopathy screening and diagnosis: guidelines
for laboratories

For screening and detection of hemoglobinopathies especially the minor cases,
certain guidelines have been prepared nationally and internationally [21, 23-28]. In
India, the Ministry of Health and Welfare, Government of India issued “Guidelines
on hemoglobinopathies in India” in the year 2016 [28]. Before screening test, indi-
viduals’ family history, clinical evaluation if any, family origin, basic details like age,
birth date, gender, the occupation should be recorded in the form of informed con-
sent. A basic test like complete blood count (CBC) on an automated or semi-auto-
mated analyzer along with the stained peripheral blood smear should be assessed
primarily. Abnormal red cell morphologies like microcytosis, iron deficiency anemia
and anemia of chronic disease should be ruled out and investigations would be car-
ried out for thalassemia with considering other hemoglobinopathies as well.

An automated cation exchange High-Performance Liquid Chromatography
(HPLC) is the method of choice for hemoglobin estimation. HPLC gives an accurate
estimation and quantification of different haemoglobins (Hb) like Hb A2, Hb F,
Hb A and also the detection of Hb variants like HbS, HbD, HbE, HbD Punjab, etc.
Despite the high cost of HPLC machines, many centres in India have this facility.
The accuracy of HPLC is very high than that of the electrophoresis processes which
is a more manual method compared to HPLC. Methods like isoelectric focusing,
capillary and paper electrophoresis were earlier choices to use, now not used exten-
sively in India. Followings are the screening tests used for thalassemia and other
hemoglobinopathies.

2.2.1 Naked eye single tube red cell osmotic fragility test (NESTROFT)

This test is based on the osmotic fragility of red blood cells (RBCs) using the
0.36% buffered saline and has been used as a preliminary test particularly for the
Beta-thalassemia carriers in India. The excessive use of this test in India may be
because of the low cost, no need for any specialized equipment, and result within
10 minutes though the test gives false results due to very low specificity, false posi-
tivity, and false negativity in many clinical conditions like iron deficiency anemia
where RBCs become fragile. Especially it is not recommended where automated cell
counters are available. However, the primary investigation of large population in the
rural area with fewer facilities would be carried out with this test.

2.2.2 Red blood cell indices- complete blood count (CBC)

There are substantial changes are happening in the RBC indices in the case of
Beta-thalassemia minor with Mean corpuscular volume (MCV) <80 fl and Mean
corpuscular hemoglobin concentration (MCH) <27 pg. with usually high RBC
counts for the level of hemoglobin. Deviations in indices occur when samples
are not run within a few hours. In such a case MCH is a more stable and reliable
parameter than MCV. It is not always the case that each Beta-thalassemia minor has
low MCV, MCH and high RBC count, Atypical Beta-thalassemia minor may show
completely normal indices which can be missed during screening.

2.2.3 Quantizgation of HbA2
Hb A2 levels >4.0% along with low MCV, MCH and higher RBC counts are

considered as the classical case of Beta-thalassemia carrier. HPLC being the method
of choice gives an accurate quantification of Hb A2. Correct interpretations of
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borderline HbA2 levels (3.3-3.9%) are of utmost importance and need to be done
with great caution. Such borderline cases should be confirmed by the DNA-based
diagnostic methods. Mutations in the promoter region or the poly-A tail of the
b-globin gene may have the completely normal RBC indices and/or HbA2 in the
Beta-thalassemia carriers. Figures 1 and 2 depict the retention time graph of differ-
ent hemoglobins on HPLC (Figures obtained from our Research department).
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P3 -—- 4.1 1.69 69445
Ao --- 87.3 2.46 1466631
AZ 2.8 --- 3.65 52227
Total Area: 1,680,017
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Figure 1.
HPLC report of with normal levels of Hb A2.
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Figure 2.
HPLC report of high levels of Hb A2: A case of Beta-thalassemia.
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Quantification of other hemoglobin variants apart from Hb A2 is also important
to know the heterozygosity with two Hb variants like Beta-thalassemia carriers
+ sickle cell anemia carriers, Beta-thalassemia carriers + Hb E carriers, Beta-
thalassemia carriers + Hb D carriers, etc. HPLC results with >10%, HbA2% is
suggestive of the presence of other Hb variants like HPLC also quantifies Hb S, Hb
D Punjab and Hb E and some fewer common variants which may elute in the P3
window (Hb J variants) or as unknown peaks.

Many large studies, either hospital-based or population screening programs
for identification of hemoglobinopathies using HPLC analysis have been reported
from India recently [12-14, 25, 29-32]. A multicenter study on screening university
students and pregnant women in six states (Maharashtra, Gujarat, Karnataka, West
Bengal, Assam, and Punjab) showed that the prevalence of Beta-thalassemia varied
from 1.48% to 3.64% [12].

A large study on screening for hemoglobinopathies among non-tribal and
tribal populations from different cities in Gujarat showed an overall prevalence
of Beta-thalassemia trait of 1.95% and HbS trait of 6.5%. A high prevalence of
Beta-thalassemia trait was seen among the Bhanushalis (8.1%), Bhakta (7.9%) and
Lohanas (6.5%) [20]. A study of 65,779 cases by HPLC from Maharashtra reported
11.2% of BTT and 2.2% of SCT [33]. Tribal groups in Maharashtra have shown a
prevalence of the Beta-thalassemia trait of 1.6 to 5.6% [34] while the prevalence of
Beta-thalassemia trait has also been high (6.3 to 8.5%) among some tribal groups in
Orissa [35] and in the non-tribal populations of Madhya Pradesh in Central India
(9.59%) [36]. Thus, Beta-thalassemia is not uncommon among many non-tribal
and tribal populations in India.

2.2.4 Cellulose acetate electrophoresis

This is completely a manual technique starting from preparing the hemolysate to
the quantifying bands that appear on the cellulose acetate membrane at alkaline pH.
Such manual technique required adequate experience and high skills. The technique
is not used at those centres where HPLC is available as it’s a manual, time-consum-
ing and cumbersome method and results may vary from person to person though it
is highly cost-effective compared to HPLC.

2.2.5 Quantization of Hb F

Quantification of Hb F (Fetal hemoglobin) is extremely important to identify
diseased and carrier conditions. HPLC is one of the most widely used methods for
this purpose. Earlier alkali denaturation was extensively used for the same. Hb F is
the important parameter for the Indian population to differentiate between Beta-
thalassemia and iron deficiency anemia because later is also more prevalent in India.
When Hb F is being enumerated using HPLC, it needs to be ensured that the peak
coming into the Hb F window is Hb F and not another Hb variant. Figure 3 shows
the diagrammatic view of screening carrier cases of hemoglobinopathies.

2.2.6 Molecular methods for the confivmation of mutations

Common Polymerase Chain Reaction (PCR) based detection techniques used for
identifying the Beta-thalassemia point mutations are allele-specific PCR, reverse
dot blot (RDB) analysis, real-time PCR with melting curve analysis, and DNA
sequencing [28, 37]. DBS (Dried blood spot) filter paper matrix is required for
the extraction of DNA from the whole blood sample which includes crude boiling
preparation, alkali denaturation and other kit-based methods. As per the laboratory

75



Hepatitis B

| RBCIndices + 96mb a2 byHPLC |

|

MCV >80fL MCV <80fL MCV <80fL MCV <S0fL
MCH >27pg MCH <27pg MCH <27pg MCH <27pg
EBC count-N RBEC count-H RBC couni-H EBC count-N/L:
RDW.N RDW-N RDW-N RDW-H
- ~ \L ™y
Hh;;rﬂn}s% Hb A2 > 3.5% ] [ Hb A2 < 3.50 ] [ Hb A2 < 3.5%
- | mEN HbF N HbF N

‘ Normal ) < Beta-ﬂlD
< Silemt Beta-thal ) o & & thal
Figure 3.

Screening of Beta-thalassemia carriers and other haemaoglobinopathies [37].

need and setup, the best methods of DNA extraction for PCR-based analysis may be
selected [38]. PCR-based molecular assays are extremely susceptible to the aerosol
contamination of amplicons. To minimize this one way-directional workflow is
required that is amplification and analysis must be done in the separated rooms/
labs with all the necessary and safety precautions [39]. A positive control (having
genotype positive DBS or known samples for heterozygous or homozygous hemo-
globinopathies), negative control and a regent control (no template control) must
be run with each PCR protocol.

2.2.6.1 Allele-specific PCR

This technique employs two primers identical in sequence except for the 30- ter-
minus base, one of which is complementary to the wild type and the other for the
mutant base; a common primer for the opposite strand must of course be used as
well [37]. For primer extension to occur using Taq polymerase which has no 30-50
exonuclease (proofreading) activity, perfect matching of the primer 30-terminus
with the DNA template must occur. With a normal individual, the PCR product will
be seen only in the reaction employing the wild-type primer set. A heterozygote
will generate a band using both wild type and mutant primer set, and an individual
with a homozygous mutation will be negative with the normal and positive with the
mutant primer set.

2.2.6.2 Reverse dot-blot hybridization

This is quite a routine procedure identifying suspected mutation using
hybridization of an allele-specific oligomer (ASO) DNA probe [37]. For each
mutation, two hybridization reactions are conducted, one with the probe for the
mutant sequence and the normal sequence. The stringency of hybridization has
to be optimized for each ASO probe. The ASO probes have an amino group at the
50-terminal base that enables them to attach to the nylon membrane strip after this
hybridization takes place with amplified DNA that is labeled with biotin. Normal
allele gives develop dots with each wild type probe but not with any mutant probe.
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Figure 4.
Detection of common Indian Beta-globin gene mutation by CRDB (source: Obtained from in-house

experiment).

Minor/carrier/heterozygotes give one mutation dot and one normal dot, whereas
major/homozygotes give dot with the only mutated probe. Being a semi-automated
method critical care should be taken at the time of washing the blots and optimiza-
tion is required that can be achieved by the optimizing ASO probe length. Figure 4
shows the in-house developed blots of different thalassemia mutations.

2.2.6.3 Novel approach: multiplex ARMS-PCR for detecting 4 common
Beta-thalassemia mutations

The analysis of transfusion-dependent thalassemia major cases, attending
our centre, suggested that there is a high prevalence in Muslims, Patels, Sindhis,
ModhBanias, and Mahayavanshi [40-42]. Certain sub-castes of Patel [19] and tribal
communities are already studied for sickle cell disorders [43, 44]. Dhodia Patel,
the third largest tribal group in Gujarat, needs b-thalassemia studies as thalassemia
major cases are identified in this community [41, 42].

The purpose of the present investigation was to establish and standardize a
multiplex-ARMS procedure to detect ethnic-specific common mutations like IVS
I-5 (G/C), Codon 41/42 (-TCTT), 619-bp deletion and FS 8/9 (pG) in one tube. This
method is very convenient to screen the most commonly known molecular defects
in a single Multiplex ARMS-PCR tube and detection on agarose gel electrophoresis
based on specific PCR product size for each mutation [45-48].

Our in-house developed method was subsequently tested on 110 unrelated
samples with unidentified Beta-thalassemia mutations. The codons IVS 1-5
mutation was the most common beta-thalassemia mutation in the Surat popula-
tion. The following mutations were presented in decreasing frequency: IVS 1e5
(G/C) < Codon 8/9 (pG) < Codon 41/42 (-CTTT) < 619 bp deletion. Figure 5 shows
the amplification of 4 common mutations on an agarose gel stained with ethidium
bromide. This ARMS multiplex system was found reliable, cost-effective, fast and
most applicable for mutation screening of Thalassemia in Surat populations [40].

2.2.6.4 A comprehensive next-generation sequencing (NGS) platform for screening
and genotyping in subjects with Hemoglobinopathies

The next advance in molecular diagnostics for hemoglobin disorders will be
next-generation sequencing. Recently, NGS has been introduced to screen for
thalassemia. More loci including genetic modifiers which have significant effects on
clinical manifestation should be covered in the NGS screening, which is important
for precise diagnosis and treatment of thalassemia [49-51].
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Figures.
3% agarose gel showing the multiplex ARMS-PCR for four common mutation of Beta-thalassemia.

There will be some technical challenges in implementing next-generation
sequencing, especially for the HBA genes, which, because of the nearly identical
sequence between the HBA1 and HBA?2 genes, will make it challenging to determine
whether a given mutation belongs to one or the other of these genes. We can hope
that the cost of these technologies will eventually decrease enough to make them
available to resource-limited settings where the diagnosis of hemoglobin disorders
will be most valuable.

2.2.6.5 Other DNA based methods

Several other methods are used apart from these above-mentioned. In that Real-
time PCR with melting curve analysis, Direct DNA sequencing, multiplex ligation-
dependent probe amplification (MLPA) and Next-generation sequencing have been
used. RT-PCR or quantitative PCR eliminates the post PCR steps, time consumption
and labour intensiveness of conventional PCRs [52, 53]. If any novel or rare muta-
tion is present in the population, direct DNA sequencing would be the best method
for the same that uses streptavidin-coated magnetic beads [54, 55]. MLPA allows the
detection of any deletions or duplications in the screened regions. It requires only
thermocycler and CE equipment [30, 56]. Limitations of conventional thalassemia
diagnosis methods are missed diagnoses due to normal or borderline red blood cell
indices and/or Hb A2 levels, various labour-intensive methods may need to identify
disease-causing mutation for thalassemia that have more than 1800 mutations rang-
ing from point mutation to large deletion.

2.3 Prevention and control of Beta-thalassemia
2.3.1 Creating awareness in the general population

The success of the prevention and control of any disease depends upon the
awareness among the general population and how well the population is educated
about the same [57]. In India, many social welfare clubs like Rotary, Lions, various
NGOs, even Thalassemia Parents-Patients societies have been conducting educa-
tion and awareness programs. Yet, awareness about b thalassemia among pregnant
women in 6 states in the multi-centric Jai Vigyan programme was very limited vary-
ing from 0.2% to 4.8% in Bangalore, Vadodara, Mumbai, Dibrugarh and Ludhiana
and 20.7% in Kolkata [25]. More than 50% of the rural population has not heard
about thalassemia or they have some misconceptions and myths regarding this [34],
whereas the majority of the people of urban areas were not ready for pre-marital
screening [35]. Yet thalassemia education has not been included in the high school
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curriculum in India. However, this strategy has worked in the Mediterranean region
[6]. The use of mass media would create a great impact over a longer period by
repeatedly showing the short films or programs on thalassemia [36].

2.3.2 Target population screening for prevention and control

For every country and population single strategy may not work all the time [28].
Defining and selecting the target population and their screening on time are the
important aspects for possible prevention and control. Table 1 shows the different
timings and the age groups where screening can be possible.

3. Role of a blood center in the management of f-thalassemia patients

A Blood center plays a crucial role in providing safe blood particularly to those
patients for whom RBC transfusion is the principal support to live. As stated by the
World Health Organization (WHO), nearly 120 million units of blood are donated
every year. However, this is not sufficient to meet the global need many patients
requiring a transfusion do not have timely access to safe blood. Regular donations
are required to ensure there is always a supply for those in need. Maintaining safe
and effective procedures around the collection, storage and use of donated blood
is essential. Collectively called haemovigilance, these procedures cover the entire
blood transfusion chain and are used to standardize the use of blood in healthcare.

The Blood Transfusion Service (BTS) in India is fragmented and disintegrated
under various controls, and there is a wide gap between demand and supply. As said
by the Executive Director of Thalassaemia International Federation, India is a sub-
continent with a population of 1,380,004,385 people (17.7 per cent of the total global
population). It has an estimated prevalence of patients with Transfusion-Dependent
p-Thalassaemia (TDT) of 150,000 with a predicted annual number of affected births
of 12,500. With such a disease burden, there is a huge requirement for Blood centers
and blood donors. Based on current estimates, an estimated two million units/year
of packed red cells are needed to address the needs of TDT in India [58].

Target population Screenig & probable preventive meassures

Newborn Suitable for screening for Sickle Cell Disease and few cases of Thalassemia

major

Early and proper treatment would be started for controlling the disease

condition
Adolescence * Most suitable for carrier screening
* Early prevention & control even before the time of marriage, if screened
as carrier
Premarital * Carrier screening at this stage is effective in a community
* Like in adolescent, carrier-carrier marriage may be prevented as preventive
measure
Antenatal screening/ * If both parents are carriers i.e. “at-risk” couple: then the status of the fetus
Prenatal diagnosis for Thalassemia disease or sickle cell disease can be ascertained through
(PND)/ Preconception prenatal diagnosis.
* After PND analysis, couple may abort the child which could be the best
preventive & control measure
Table 1.

Population screening € preventive measures needs to be taken.
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Indian Ministry of Health and Family Welfare (MoH& FW) identified 2626
functional Blood centers across the country in the year 2016 from which, 76 per cent
were public and not-for-profit-owned and 24 per cent were owned by the private
sector. However, 61 per cent of these were situated in eight states, out of which only
two (Maharashtra and Gujarat) have a high thalassemia prevalence. The Blood centers/
million population in high thalassemia-prevalence states, including Uttar Pradesh (1.2),
West Bengal (1.3), Rajasthan (1.5) and Chhattisgarh (two) is less than the national aver-
age of 2.2 Blood centers/1,000,000 population. It was estimated in 2017 that the annual
collection was 11.1 million units of blood while the demand was 14.6 million units [58].

In Thalassemia Major Patient’s transfusion therapy is often initiated before one
or two years of age [59-62]. Complications directly related to transfusion include
blood-borne infections, development of anti-RBC antibodies (both auto- and allo-
immunization), and allergic, febrile or delayed hemolytic transfusion reactions. Hb
levels above 12.0 g/dL for adult women and 13.0 g/dL for adult men are considered
normal [63]. General transfusion guidelines recommend initiating transfusions at
an Hb threshold of 6.0-10.0 g/L, depending on the presence and severity of clini-
cal conditions [64]; however, these guidelines focus mainly on correcting anemia
rather than suppressing ineffective erythropoiesis and may not be applicable to
patients with p- thalassemia [65]. Guidelines for the management of p-thalassemia
are available, including international guidelines by the Thalassaemia International
Federation (TIF) [66, 67] and several national guidelines [68-70].

3.1 Guidelines for blood transfusion in Beta-thalassemia patients

Life-long and regular blood transfusion is required to treat thalassemia major.
This results in excessive accumulation of iron in the body (iron overload) that in the
long term gives severe clinical complications such as heart and liver failure, diabe-
tes, hypogonadism. Iron overload may be prevented and treated by daily removal
(iron chelation therapy) [71-73].

Patients with p-thalassaemia major should receive leucoreduced packed red
blood cells with a minimum hemoglobin content of 40 g [66, 67]. Only the transfu-
sion of pRBCs can maintain the required hemoglobin percentage necessary for the
normal growth of the diseased child. The transfused blood should be obtained
from voluntary non-paid donors and collected, processed, screened, stored and
transported by a trusted and high-quality blood transfusion centre [59]. If possible
fresh blood should be transfused (not older than 10-12 days) as 2, 3-DPG (2, 3-
Di-phophoglyceric acid) gets depleted in stored blood that reducing the capacity to
deliver oxygen to the tissues [74]. Decreased recovery and shortened half-life may
increase transfusion requirements. For all these, it is important to strengthen the
Blood centers and component therapy should be ensured and mandatory. As per the
guideline issued by the Indian Ministry of Health & Welfare in the year 2016 [28], A
blood centre should be fully occupied with good infrastructure having component
separation facility without that packed red cells are not available, and pretesting
strategies should be followed for such chronically transfused patients are;

* Forward and Reverse blood group typing for ABO and RhD [28]

* In newly diagnosed patients along with ABO & RhD, extended phenotyping at
least for C, ¢, E, e, Kell and Duffy would be desired [26, 74-78]

* Allo-antibody screening at regular intervals is necessary. If an alloantibody
is detected, the patient should be transfused with that particular antigen-
negative blood [26, 28]
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* Every 3 months, patients should be tested for virus serology to detect initia-
tion of the transfusion-transmitted infections (HIV, Hepatitis B, Hepatitis C
viruses) [26, 28, 79]

* Ideally the patient should receive NAT (Nucleic Acid Amplification Test) tested
blood product as NAT offers the possibility to minimized the window period
[26, 28]

* Precautions for grouping, cross-matching and transfusion should be applied to
chronically transfused patients like any other recipient [26, 28].

* Avoid close relative blood transfusion in such patients [26, 28].

3.2 Role of blood Centre in maintaining the national guidelines for
p-thalassemia patients

As mentioned above it’s the huge responsibility of every blood center to provide
safe blood to these chronically transfused patients. Flowing are the procedures that
should be carried out at every blood centre for providing safe blood and managing
such patients.

3.2.1 Blood donations, quality of blood and Donor’s motivation

For the health of chronically transfused patients with thalassemia, a blood donor
should be careful by keeping the criteria of regular voluntary and non-paid donors
[26, 28, 79]. The process of donor selection is usually done through questionnaires.
These questionnaires are prepared by considering the national need, resources, the
prevalence of the transfusion-transmitted infections and also by adhering to the
directions from the European Union (EU), World Health Organization (WHO),
American Association of Blood centers (AABB). Quality of collected blood would
be maintained by proper collection, testing, stored and distribution following all
the quality-controlled procedures. The huge problem of low blood donation and
blood supply is a lack of voluntary and non-paid donors. A public awareness cam-
paign, including posters and an annual event to honor donors, was implemented to
encourage voluntary and non-paid blood donors [80].

3.2.2 Leukoreduced packed ved blood cells

Leucocyte-reduced red blood cells concentrate should be prepared by a method
known to deplete leucocytes in the final component to less than 5x10° when
intended to prevent febrile reactions and to less than 5x10° when it is required to
prevent alloimmunization or CMV infection [26, 28, 71, 79, 81]. For achieving a
level < 5x10°, the use of a leucocytes filter is necessary. Reduction of leukocytes to
5x10° is considered the critical threshold for eliminating adverse reactions attrib-
uted to contaminating white cells and for preventing platelet alloimmunization.
Two types of preparation methods for Leucocyte depleted packed RBCs are;

* Prestorage filtration: is the process to remove white blood cells from the whole
blood which is carried out with an in-line filter within 8 hours after blood
collection. Using this technique very high-efficiency filtration is achieved
with consistently low WBC residue and high red cell recovery. The removal of
the WBCs before storage will prevent the accumulation of cytokines during
storage that leads to a reduction in the number of FNHTRs. This leukoreduced
whole blood is centrifuged to obtain packed red cells.
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* Bedside filtration: This technique is used for filtering red cell concentrators
(RCC) at the bedside which may not allow optimal quality control, as the
techniques used for bedside filtration are highly variable. Red cell concentrates
are prepared from stored whole blood by removing plasma and buffy coats.

3.2.3 Other specific products for Thalassemic patients

* Washed red cells may be most beneficial for thalassemic patients who
have repeated severe allergic transfusion reactions or individuals with IgA
(Immunoglobulin A) deficiency which can cause an anaphylactic reaction
[28, 71, 79, 81]. Washing of the whole blood removes plasma proteins that
contain antibodies that may target patients. Washing may be done by auto-
mated or manual technique and must be transfused within 24 hrs because
storage is not. Therefore, wastage may be possible if the patient is not avail-
able for transfusion at the time product is prepared. If suspension in SAGM
(Saline, Adenine, Glucose, Mannitol) after washing in closed circuit, 14 days
shelf life should be considered. Washing usually does not result in adequate
leukocyte reduction and, therefore, should be used in conjunction with
filtration. Washing of red cell units may remove some erythrocytes from the
transfusion product.

* Cryopreserved (frozen) red cells are derived from whole blood within 7 days
of collection in which RBCs are frozen using glycerol as cryopreserved and
stored at —60°C to —80°C. Such type of frozen component is mainly used to
supply rare donor units for patients who have atypical red cell antibodies or
do not have high-frequency red cell antigens. The shelf life of this product
is 1-7 days depending upon preparation in an open or closed system and
resuspended in SAGM. Around 20% of the donor cells are lost in this freezing
process and due to short life possibility of wastage is there. The Euro Blood
center in Amsterdam, the Netherlands, provides a wide variety of special
blood types

* Neocyte transfusions are the use of younger red blood cells (YRBCs) which
can be separated from old cells by density gradient centrifugation [82] that can
help to achieve extension of the transfusion interval [83-87].

3.2.4 Amount of blood to be transfused

Packed red blood cells 15 ml/kg body weight, should be administered at the rate
of 5 ml/kg/hr [28]. As per the pre-transfused hemoglobin level, 1-2 units of pRBCs
may be required by patients. 3.5 ml/kg of pRBCs with around 60% HCT can raise
hemoglobin by 1gm/dl.

3.2.5 Storage and transport of ved cell units

Different anticoagulant solutions are used to store the blood products which
prevent coagulation and store red cells without losing their metabolic activity [28,
71,79, 81]. Table 2 shows the list of anticoagulants that are commonly used. In thal-
assaemia major decreased recovery and a shortened red cell half-life may increase
transfusion requirements and as a consequence the rate of transfusion iron loading,
the current practice is to use red cells stored in additive solutions for less than two
weeks. Blood units should preferably be transported in monitored insulated boxes
which maintain a temperature of between 2 and 8°C.
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Name of Anticoagulant Shelf life

CPD (Citrate, Phosphate, Dextrose) 21

CP2D (Citrate, Phosphate 2, Dextrose) 21

CPDA-1 (Citrate, Phosphate, Dextrose, Adenine) 35

CPD, CP2D or CPDA-1 with Additive solution 42
Table 2.

Anticoagulants and their shelf life period.

The following data should be regularly recorded at each transfusion:
* Date of transfusion

* Time of initiation and time of completion of transfusion.

* Bag number of the blood unit transfused

* Weight/volume of packed cells transfused

* Patient demographics (height, weight, pre-transfusion Hb, blood group and
other details)

* Clinically assess the size of liver and spleen

* Transfusion details of each patient to be entered into their transfusion card, to
ensure proper database maintenance and traceability.

3.2.6 Compatibility testing and alloantibody detection

Every recipient should receive ABO & RhD type specific compatible whole
blood or red blood cell components [26, 28, 71, 79, 81]. ‘O’ packed red cells should
be transfused only when ABO type specific unit is absent. RhD positive recipients
can receive either RhD positive or negative components. But RhD negative recipient
should receive transfusion only of RhD donor; however, in reasonable circum-
stances, RhD positive unit may be transfused only when the receiver does not have
the RhD antibodies. In the case where clinically significant atypical antibodies are
detected, a negative unit particular for that antigen or least compatible unit should
be transfused. When a patient is massively transfused within a period of 24 hrs, a
fresh sample should be used for subsequent transfusions.

In the case of multitransfused patients like thalassemia major and sickle cell
disease, blood transfusion should be done after the confirmed diagnosis. Before the
first transfusion, patients should be typed for complete red cell genotyping that
help to determine subsequent development allo-antibodies in such patients after
repeated transfusion of different blood units. The development of multiple allo-
antibodies is common in these patients [88]. Therefore, it is important to monitor
the patient carefully and to give him/her particular antigens negative blood unit
for transfusion. Anti-E, anti-C and anti-Kell alloantibodies are most common.
However, 5-10% of patients present with alloantibodies against rare erythrocyte
antigens or with warm or cold antibodies of unidentified specificity [79].

Even before embarking on transfusion therapy, patients should have been gone
through extended blood group antigen typing at least for C, ¢, E, e, and Kell which
would be beneficial to identify antibodies in case of alloimmunization [79]. The rate
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of alloimmunization among transfusion-dependent thalassemia (TDT) patients is
varying from 2.5-37% in different parts of the world [70, 87, 89]. The prevalence
of anti-E, anti-c, and anti-c with anti-E in the Indian population is about 22-36%,
6.4%-38.8%, and 6.4%, respectively [90-92]. Relative immunogenicity of blood
group antigen in a multi-transfused patient with an increase in a number of RBC
unit exposure give the following grading: K > Jk* > Lu* > E> P1>c>M> Le’> C

> Le > Fy* > S [93]. Extended blood group antigen phenotyping should be done to
reduce the risk of alloimmunization. Keeping that thing in mind; our blood center
phenotyped 500 ‘O’ grouped donors for 35 blood group antigens [94].

3.2.7 Adverse transfusion reactions

Patients dependent on blood transfusion for survival, are exposed to a variety of
risks [71, 79]. Therefore, it is utmost important to improve blood safety, find ways
to minimize or reduce transfusion requirements and less exposures to number of
donors. The adverse transfusion events are:

* Non-hemolytic febrile transfusion reactions: This type of transfusion reac-
tions was very common before the introduction of the leukoreduced red cell
component and was reduced effectively by the use of this component. Patients
who are prone to develop this type of reaction should be administered with
antipyretics before their transfusions.

* Allergic reactions: Such reactions can progress from mild to severe mainly
caused by the presence of IgE antibodies in plasma proteins. Recurrent allergic
reactions can be markedly reduced by washing the red cells to remove the
plasma. Patients with IgA deficiency and severe allergic reactions may require
blood from IgA deficient donors.

* Acute hemolytic reactions: It’s very unusual and the most common type arises
due to errors in patient or donor identification in typing and compatibility
testing. It is common to those thalassemia patients who take blood units from
different blood centers. A blood center that strictly follows the WHO protocol
for screening antibodies and full cross-match of donor unit, can avoid hemo-
lytic reactions in patients.

* Autoimmune hemolytic anemia: One of the serious complications of blood
transfusion that is commonly combined with alloimmunization. Sometimes
compatible red cells may have short survival and hemoglobin may fall well
below the pretransfusion level. To clinically manage this fatal reaction, ste-
roids, immunosuppressive drugs and intravenous immunoglobulin should be
administered, although benefits are fewer. If a patient undergoes a massive
transfusions later in life may have such transfusion reaction frequently [95].

* Delayed transfusion reactions: These occur 5 to 10 days after transfusion and
are characterized by anemia, malaise, and jaundice. These reactions may be
due to an alloantibody that was not detectable at the time of transfusion or to
the development of a new antibody. A sample should be sent to the Blood cen-
ter to look for a new antibody and to re-crossmatch the last administered units.

* Transfusion-related acute lung injury (TRALI): Potentially severe complica-

tions normally caused by specific anti-neutrophil or anti-HAL antibodies that
activate patients’ neutrophil. It may sometimes occur due to the accumulation
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of the pro-inflammatory mediators during the storage of donor red cell [96, 97].
Management includes oxygen, administration of steroids and diuretics, and,
when needed, assisted ventilation.

* Transfusion-induced graft versus host disease (TI-GVHD): caused by the
viable lymphocytes in the donor’s red cell unit, a rare but fatal complication
due to transfusion. TI-GVHD may occur in immunosuppressed as well as
immunocompetent patients. To avoid this, a blood transfusion of the family
member’s donated blood should be given after irradiation. Leucodepletion
alone is inadequate for the prevention of this complication.

3.2.8 Transfusion transmitted infections (TTIs)

Blood safety depends on both donor health screening and donation testing. The
strategy employed for a given infectious agent depends on the epidemiology of the
particular agent in a given donor population, blood processing steps that might
reduce transmission (such as pre-storage universal leucoreduction), and the avail-
ability of testing equipment and kits adapted for donor screening [98].

The different testing platforms can be used for screening TTIs. Tests that detect
viral nucleic acid (NAT testing), a viral component (Hepatitis B surface antigen,
or HBsAg; the p24 antigen of HIV), or the host’s immune response to the infection
(antibody testing performed using Enzyme linked immunosorbent assay (ELISA)
or enzyme immunoassay (EIA)/chemiluminescence assay (CLIA) for antibodies
such as anti-HIV, and anti-HBV). Any unit tested positive once for TTI must not
be used for transfusion. Window period infections can be missed by ELSIA and
chemiluminescence assay [98].

In general, window periods are shortest for NAT testing, longer for antigen
testing, and longest for antibody detection. The lag time for anti-HIV to detect
HIV infection can be as long as 21 days, for HBsAg test to detect HBV infection as
long as 42 days, and for anti-HCV to detect HCV infection as long as 60 days. This
lag period gets truncated (shortened) by direct tests for viral gene amplification
with NAT [98]. Being costlier investigation than ELISA and chemiluminescence
assay, NAT testing is still not available at many centers in developing countries like
India [99].

Single unit NAT testing is more sensitive than using mini pool NAT where
small numbers of donor samples are pooled [100]. Using this mini pool NAT of 10
samples, at our centre more than 8000 seronegative units were tested, out of those
44 donors were found positive for HBV, 5 for HIV and 2 for HCV. So ultimately
these NAT positive units were stopped to be transfused to the patients [101].
Thalassemia and Sickle cell anemia patients should be transfused to the NAT tested
unit [28]. In India only a few blood center hospital-based or private are doing either
ID-NAT or mini-pooled NAT [99, 102-104]. In the year 2019 at our centre, as a part
of the regular protocol, we tested 196 thalassemia major patients who are taking
blood units from our centre only for transfusion, by ELISA and NAT (ID-NAT) for
HIV1, HBV and HCV, the prevalence of HCV infection was found high by both the
methods [105].

The testing algorithms for TTI s are also variable as per the testing facilities
available at the blood centers. In the urban areas, screening for TTI is carried out by
the ELISA technique with good quality measures while the remote rural areas are
still left with a rapid test of questionable sensitivity. Moreover, in the remote rears
where laboratory testing for TTI's is not quality assured, equipment is not calibrated
and maintained, and the validation of results is not carried out. Even at the good
centers that are doing ELISA using 3rd generation kits; not able to cut down the
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window period which can be achieved by 4th generation ELSIA. It’s a big pressure
on the Indian Blood center to adopt NAT for screening TTIs as Blood centers around
the countries like USA, Canada, Australia, New Zealand, South Africa, and some
countries in Europe and Asia have already used the same [106].

Because of the need for sensitivity in testing systems, TTI screening may lead
to false biological false positive results. Many TTI test systems rely on cut-off
values to determine whether a result is reactive or not, so the test results that fall
close to a range of uncertainty may give the intermediate result. For such kind of
indecisive results, extreme care needs to be taken with follow-up action for that
particular donor, including confirmatory testing on the donation. The confirmed
reactivity to certain TTIs such as HIV, HBV and HCV leads to permanent exclu-
sion of the donor, whereas the risk of other TTIs such as malaria may have speci-
fied time deferrals [98].

3.2.9 Iron chelation and chelation

On an average, each unit of packed cells contains 200 to 250 mg of iron [28, 79].
A patient, who receives 15-30 units of pRBC units per year, receives an excess of 3-6
grams of elemental iron that results in to iron overload, a serious problem in mas-
sively transfused patients. Iron supplements are contraindicated as iron absorption
may increase up to 1-2 gm. Serum ferritin, MRI of Liver and heart, and Liver biopsy
would be good parameters to check the severity of iron over load in multitrans-
fused patients. Iron chelation therapy should be started in patients whose serum
ferritin value is >1000 pg/L after 10-15 transfusion. Different chelating agents are
mentioned in the guidelines issued by the Ministry of Health & Family Welfare,
India in 2016 for the prevention of hemoglobinopathies. They are Desferrioxamine
(recommended dose is 25 mg-50 mg/kg/day) [71], Deferiprone (standard dose is
50 mg-100 mg/kg/day), Deferasirox (administered at a dose of 20 mg-40 mg/kg/
day) and combination of desferrioxamine and deferiprone should be available for
the patients. Before administering any chelating agent to the patient, the toxicity of
an agent and required monitoring measures should be taken in account.

3.2.10 Molecular genotyping

Over a century, for detection of RBC antigen, a gold standard method,
hemagglutination has been used to predict phenotype. Hemagglutination also term
as serology is a sensitive, easy to perform, low costing and specific technique for the
determination of RBC phenotype and is considered as optimal method for patient
care. The serology technique reduces issuing time for blood units by extensive typ-
ing of donor’s antigens. On other hand, with advances in immunohematology gives
an understanding of the molecular basis of many blood group antigens. Molecular
genotyping will help to type donors for a wider spectrum of minor blood group
antigens and also genotype blood group antigens of multiply transfused patients
such as sickle cell anemia or f-thalassemia or patients having positive direct anti-
globulin test [106].

In multitransfused patients, haemagglutination fails to phenotype the patient’s
antigens due to donor-derived erythrocytes from previous transfusions. The
molecular background of blood group polymorphisms is used for blood group
antigen typing [107]. Previous studies have shown that molecular methods prove
successful in determining the correct antigen profile of a multitransfused patient
[108-110]. Both the blood donors and recipients can be genetically typed for all
the clinically significant blood group antigens and antigen-matched blood can be
provided to the recipient [108-112].
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This approach could significantly reduce the rate of alloimmunization. Many
PCR-based molecular detection assays are available. As per the laboratory facilities
low throughput, medium- throughput and high-throughput PCR-based assays
are available for blood group genotyping, PCR-RFLP technique though to be the
first to be used for the purpose [107, 113, 114]. Many researchers around the world
have used different PCR-based platform to genotype clinically significant antigens
among multitransfused patients as well as in blood donors [115-123]. Our blood
center has also typed regular voluntary blood donors, multitransfused patients
(Thalassemia major & Sickle cell disease) and the tribal population [124, 125] for
Rh, Kell, Duffy and Kidd blood group system; there was the statistically significant
difference was observed in the phenotypic and genotypic prevalence of all these
system’s antigens especially in the thalassemia major patients.

4, Conclusion and future recommendations

Haemoglobinopathies in India are always the burning problem especially
Beta-thalassemia major and Sickle cell disease; due to various aspects including
screening of the patients in remote areas, lack of awareness about the severity of the
diseases in rural as well as in urban areas, consanguine marriages, poor antenatal
and prenatal screening tests, delay in timely detection of the diseased child, having
misconceptions, myths, rigidity and superstitions among the general population,
inert-caste marriages likewise many more adding to the burden.

SRKRC being the first charitable blood Centre in Surat city is providing safe
blood for the last 44 years by following all the National guidelines. Just like what a
blood centre should do, SRKRC is continuously updated with the current trends in
transfusion medicine for the management of, especially multi transfused patients
like Beta-thalassemia major and SCD. Starting from supplying perfectly crossed
matched washed red cells or leuco-depleted pRBC’s units to these patients. SRKRC
has also implemented regular time interval strategies for irregular antibody screen-
ing, investigations TTI’s, and providing the iron chelation therapy as well for batter
management of these patients. Although for TTTs, ELISA is the mandatory test, in
addition to that SRKRC is doing NAT testing which reduces the window period of
TTI’s and adds an extra layer of safety to the transfused blood units. Transfusion
reactions are also one of the problems with these patients, antigen matched blood
or antigen-negative blood (in case of alloantibody in-patient) should be transfused
by typing patient and donor thoroughly with gold standard serology and advanced
molecular genotyping techniques. SRKRC has developed a molecular genotyping
facility for clinically significant blood group antigens that would serve the same
purpose. As a blood centre, SRKRC is doing all above-mentioned possible transfu-
sion practices and protocols that may help to enhance the time interval between two
transfusions.

Along with routine blood centre activity, SRKRC is also running prevention and
control programs for Beta-thalassemia and Sickle cell anemia for the last 16 years.
This program includes the screening of the premarital, antenatal, PND and neona-
tal cases with proper counseling for every target population that significantly helps
to prevent and control the disease.

Hence, it is suggested that nationalized policies are needed to be implemented at
the micro-level for screening, counseling, prevention, blood transfusion and man-
agement of such patients to achieve the final goal of ‘ HAEMOGLOBINOPATHIES
FREE COUNTRY". India has many international, national and state-wise prevention
and control programs for different diseases like HIV, Tuberculosis (TB), Malaria,
SCD, etc., that include testing, medication and management of the individual
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patient at very cost-effective or free of cost manner. Likewise, for not just Beta-
thalassemia but also for transfusion-dependent and severe hemoglobinopathies,
nationalized prevention and control programs should be formed by combining the
screening, counseling, blood transfusion and treatment aspects.

National Medical Commission (NMC) of India is running a doctor of medicine
(MD) PG programme on the subject of Transfusion Medicine (TM) in most medical
colleges in Indjia. It is a clinical MD degree after MBBS and recognized by NMC and
the curriculum completely covered all the advanced and clinical aspects related to
Immune hematology, Blood Transfusion therapy, Blood Centre Direction, haemo-
globinopathies and its management. More than 150 TM specialist doctors passing
out every year in India, so enough specialist doctors would be available to meet the
requirement of the concept programme. A concept, “District Haemoglobinopathy
Clinic” along with Regional Blood Centre, programme under the name of #Make
Country Free from Haemoglobinopathies is to be recommended.

Aim, Facilities and goals of the “District Haemoglobinopathy Clinic” should
be like;

4.1 Diagnosis, Registry and Management of diagnosed patients

* Generation of ‘Nationalized unique ID’ and ‘National haemoglobinopathy
Registry’ suffering from haemoglobinopathy in a particular district.

* Regional Blood Centre: As described above, under TM specialist directions
advanced fully equipped blood centre establishment at the district level for
the high quality and safest blood products provision to all diagnosed patients.
District regional blood centre should have quality and audit responsibility of
all other blood centres where pt’s is taking blood. Moreover, test discrepancies
and complicated patients should be referred to the district clinic for further
investigation and quality care therapy.

* Transfusion Centre: Under the TM specialist, a transfusion centre should be
established for monitoring of serum ferritin and iron for starting chelation
therapy, and assured blood unit for the transfusion. In addition, under the
unique ID, patient’s record of each transfusion, treatment and testing should
be maintained in Web software linked and visible to all care giving physicians,
which would be helpful in-patient management if he/she will migrate from one
place to the other.

4.2 Watertight screening, counseling and prevention for diseases

* Goal of Zero marriage between two carrier persons: Screening for all hemoglo-
binopathy with HPLC of premarital/adolescent age of the all-high-risk group
people of districts, counseling and prevention to achieve Goal of Zero marriage in
between two haemoglobinopathy disease carrier persons in a particular district.

* Goal of Zero conception of the foetus with the homozygous state: Screening
for all hemoglobinopathy with HPLC of all married couples of the all-high-
risk group people of districts, counseling and prevention to achieve Goal of
Zero conception of the foetus with the homozygous state in particular district
couples who missed at pre-marital/adolescent stage.

* Goal of 100% Newborn screening for haemoglobinopathies: Screening for all
hemoglobinopathy with HPLC of all newborns of the districts to achieve Goal
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of 100% Newborn screening for haemoglobinopathies in a particular district
and to enroll start the early quality care & medical treatment for the diagnosed
newborn at District haemoglobinopathy clinic.

* 100% mandatory hemoglobinopathies screening report at pre-marital/adoles-
cent age stage during the education and before marriage registration of couples,
identifying the carrier state person, counseling and prevention for the same.

All these facilities at one place would be a great help to an affected child and a
family that they should not have to roam here and there, although to set up such
facilities Government aids are much needed.

These district-level clinics should be integrated inter-districts through Nodal
officers to create State-level registry and database; these State-level reference clinics
should be integrated Inter-State through Zone level officer of the Country to create
National level registry and all databases. These could be assessable by caregiving
physicians anywhere in the country, with all history and given therapeutic manage-
ment, which could be helpful for better prospective care and increase the quality of
life of patients. Only by implementing this level of concept programme, we could
make Country Free from Haemoglobinopathies and zero birth of hemoglobinopa-
thy case can be achieved in the Country.
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Chapter 6

Maternal Hepatitis Infections:
Determining Seroprevalence of
Hepatitis B and C Virus Infections
and Associated Risk Factors
among Healthy Mothers in Addis
Ababa, Ethiopia

Habtamu Biazin Kebede and Seifegebriel Teshome

Abstract

Introduction: Viral hepatitis is a global public health problem affecting millions
of people every year, causing disability and death. Hepatitis B (HBV) and hepatitis C
(HCV) viruses spread horizontally, mainly through sexual contact and contaminated
needles, and vertically. Both cause considerable morbidity and mortality worldwide.
Maternal infection is a risk factor for vertical transmission. Objective: To determine
the seroprevalence of HBsAg and anti-HCV antibody among non-pregnant, appar-
ently healthy mothers and to identify potential risk factors associated with HBV or
HCV infection. Methods: A community based cross sectional study was conducted on
454 apparently healthy women, in Addis Ababa, Ethiopia from May 2016 to June 2017.
A systematic random sampling method was used to recruit participants. Result: A total
of 454 mothers were enrolled. Seroprevalence of HBsAg and HCV was found to be
3.7% and 2.0%, respectively. HBc antibody was detected in 36.3% of the mothers. None
of the participants was co-infected with both viruses. Previous history of liver disease,
history of jaundice, HIV infection, and family history of liver disease were signifi-
cantly associated with HBV infection. Marital status, caring for hepatitis patients,
and a history of liver disease were factors significantly associated with HCV infection.
Conclusion: Apparently, healthy mothers in Addis Ababa had intermediate level of
endemicity for hepatitis B and C infections Routine screening and vaccination of high-
risk reproductive mothers against HBV is advisable. Emphasis should be given to health
education and promotion of infection control practices. Population based studies are
strongly recommended to help monitor disease transmission patterns and to design
evidence-based interventions against the spread of hepatitis infections in Ethiopia.

Keywords: Sero-prevalence, risk factors, hepatitis B and C virus,
apparently healthy mothers

1. Introduction

Viral hepatitis is one of the major causes of chronic liver disease and liver failure.
In many countries, viral hepatitis is the leading cause of liver transplants. Such
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end-stage treatments are expensive, easily reaching up to hundreds of thousands of
dollars per person [1]. In addition, viral hepatitis places a heavy burden on the econ-
omy of nations due to loss of productivity. Although the burden of viral hepatitis is
very high, it has not received the attention it deserved from the global community
[1, 2]. Various reasons account for this negligence, including the relatively recent
discovery of the causative viruses, the mostly silent or benign nature of the disease
in its early stages, and the insidious way in which it causes chronic liver disease [1].

Among viral hepatitis, hepatitis B and C infections are more often seen in
blood, tissue, or organ recipients and people working or receiving treatment in
health care facilities [2]. The WHO has estimated that there are more than 2 billion
people infected with hepatitis B virus (HBV) and about 378 million HBV carriers
worldwide, leading to approximately 620, 000 HBV related deaths every year [2, 3].
Further, it has been reported that 4.5 million new HBV infections occur worldwide
each year, of which a quarter progresses to liver disease [2, 3].

HBV infection is endemic in Asia and sub-Saharan Africa thought to be the main
etiological factor in over 75% of the chronic liver disease burden [3]. In sub-Saharan
Africa, the prevalence of HBV surface antigen (HBsAg), which indicates active
infection, is 3-20% and prevalence of markers for past exposure range from 60 to
99.Since Ethiopia is located in Sub-Saharan Africa, it is considered an area of high
endemicity for HBV infection.

Meanwhile, approximately 170 million individuals are infected with hepatitis C
virus worldwide, leading to approximately 250 000 to 350 000 deaths per year [4].

Viral hepatitis is a key public health problem that poses an enormous risk for
disease transmission in the general population, especially in children and moth-
ers [2]. Reliable epidemiological data are essential for planning health programs
and identifying risk groups, For example, the selection of appropriate treatment
depends on the genotype of the virus, the presence or absence of cirrhosis, and on
the degree of liver fibrosis [2]. Therefore, it is important to know the number of
people infected with and dying from hepatitis related liver disease, the prevalence
of hepatitis related morbidity, and the distribution of genotypes and fibrosis stages
[3]. Unfortunately, estimates of these key epidemiological parameters are limited by
the lack of data from in developing countries like Ethiopia.

In Ethiopia, only few community-based seroepidemiology studies have previ-
ously been done on the prevalence of HBV and HCV. These studies, which were
investigating the prevalence of these viruses among pregnant mothers, blood
donors, HIV infected individuals, health care workers, and medical waste handlers,
have indicated that hepatitis infections are endemic in Ethiopia, with varying levels
of endemicity from region to region [5]. However, community based hepatitis
studies focusing on the prevalence of hepatitis B or/and C infection in mothers
have not been conducted. Thus, the current study aims to measure the prevalence
of hepatitis B and C infection and contributing factors among apparently healthy
mothers. This study is important to define the prevalence of these viral infections
and associated risks among apparently healthy mothers, in order to adopt effective
preventive strategies, guidelines, and educational programmers. Overall, screening
asymptomatic people is important for early diagnosis and intervention.

2. Methods and materials
2.1Study area

This study was conducted in Addis Ababa city, which has a population of
about 3.6 million and an average household size of 5.8 persons per household [6].
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According to the 2007 national census, 98.6% of the housing units in Addis Ababa
have access to safe drinking water. In addition, 14.9% have flush toilets, 70.7% have
pit toilet, and 14.3% have no toilet facilities [7]. Values for other reported common
indicators of the standard of living for Addis Ababa showed that as of 2012 0.1% of
the inhabitants fall into the lowest wealth quintile [6]. Adult literacy for men and
woman is 93.6% and 79.9% respectively the highest in the nation for both sexes.
Further, the civic (urban) infant mortality rate is 45 infant deaths per 1,000 live
births, which is less than the nationwide average of 77; at least half of these deaths
occurred in the infants’ first month of life. HIV prevalence in Addis Ababa mothers
was (5.2%) [7].

2.2 Study design, sample size and sampling procedures

A community based cross-sectional study was conducted from June 2016 to May
2017. Administratively, Addis Ababa is divided into 10 Sub-cities and 116 Woredas.
According to 2012 CSA, there are about around 700,000 households. Three sub-
cities (Gulele, Kirkos, and Lideta) and seven Woredas within these sub-cities were
selected randomly. Health extension workers from each Woredas using systematic
random sampling technique selected 50-70 households. The proportional allocation
value, which was used for selection, was calculated by dividing the total number of
households in the study area to the total number of selected households. In the end,
454 non-pregnant apparently healthy mothers were included in this study.

2.3 Data collection and laboratory investigations

Five milliliter of venous blood was collected and transported to the laboratory,
where it was allowed to clot. Then, serum was separated by centrifugation at room
temperature at 3000 rpm for four minutes, and then it was stored at —20°C until
further use.

The principal investigator used a structured interview to collect data on socio-
demographic variables and associated risk factors from the study participants.
Principal investigator collected the data.

Sandwich Elisa was used to measure serum level HBsAg, Anti-HBc, and anti-HCV
in all samples Bio-Rad ELISA kits were used for this study [8].

2.4 Data processing and analysis

Data entry and analysis was done using SPSS version 20.0. Chi-square test was
used to determine the association between serological results and different hepatitis
infection associated factors. In addition, it was used to compare categorical data, to
evaluate the difference in prevalence between groups in the bivariate logistic analy-
sis, and to determine statistical significance. To determine the association between
the data obtained from the questionnaire and the laboratory results, odds ratios
(ORs) and their corresponding 95% confidence intervals (Cls) were calculated
using logistic regression analysis. A p-value <0.05 was considered as statistically
significant.

2.5 Quality assurance
Standard operating procedures were followed during blood sample collection,
processing, and analysis of data. All ELISA experiments were conducted according

to the manufacturer’ instruction. The performance of Monolisa™ HBsAg ULTRA
was determined using test samples. A sensitivity of 100% and a specificity of
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99.94% were recorded. The Monolisa™ Anti-HBc PLUS test resulted in 99.53% sen-
sitivity and 99.5% specificity. The Monolisa™ HCV Ag-Ab ULTRA assay had 100%
sensitivity and 99.83% specificity. According to the manufacturer’s instruction,
positive samples were tested in duplicates before final interpretation. In addition,
positive and negative controls were run as the test runs.

2.6 Ethical considerations

The study received ethical approval from Ethical Review Committee and
Institutional Review Board (IRB) of Addis Ababa University, College of Health
Sciences, Department of Microbiology, Immunology and Parasitology and the
Armauer Hansen Research Institute (AHRI). Support letter was obtained from
Addis Ababa Health Bureau.

3. Results
3.1 Socio-demographic characteristics

A total of 454 mothers were involved in this study and the mean age of the study
subjects was 32.75 + 5.79 (SD) years, (range: 20 to 57 years). Majority of the moth-
ers belonged to the 30-34 age group (33.5%), followed by 25-29 (25.1%) and 35-39
(25.1%) age group. Further, most (81.7%) of the study participants were married
(Table1).

3.2 Prevalence of HBV and HCV infection

Overall, 42.3% (95% CI: 39.5-46.1%) of apparently healthy mothers were
positive for HBsAg, HBcAb or HCV antibody. The sero-prevalence for HBsAg
was 17/454 (3.7%), while it was 165/454 (36.3%) for HBcAb and 9/454 (2.0%) for
anti-HCV. 17/454 (3.7%) of the study participants were positive for both HBsAg and
HBcADb. The prevalence of HBV and HCV infection segregated by age can be found
in Table 2.

3.3 Risk factors associated with HBV and HCV infections

A positive association was observed between HBsAg seropositivity and par-
ticipants’ number of households (p = 0.017), history of liver diseases p = 0.01),
history of jaundice (p = 0.00), and family history of liver disease (p = 0.04) at
95% confidence interval. Among participants with history of liver disease (n = 31),
history of jaundice (n = 9), and family history of hepatitis (n = 38), the prevalence
of HBsAg was 13.9%, 30.8% and 10.5% respectively. On the other hand, age, level
of education, marital status, occupation, alcohol consumption habits, caring
for hepatitis patients, history of operation or cesarean section, history of female
genital mutilation, history of sharp injury, history of blood transfusion, history
of ear-piercing, dental procedure, having multiple sexual partner, and history
of abortion, did not have significant association with having hepatitis B virus
infection.

In addition, binary and multivariate logistic regressions were used to determine
the association between the HBV associated risk factors with HBV infection. Few
predictor variables showed statistically significant association with HBV infections.
Mothers with a history of hepatitis were 5.5 times more likely to be HBV posi-
tive than mothers who had no such history (AOR = 5.5; CI (1.8-16.5); p = 0.003).
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Socio-demographic characteristics Numbers Percentage (%)

Age group 20-24 21 4.6
25-29 114 251

30-34 152 335

35-39 114 251

40-44 34 75

45-49 14 31

50-54 3 0.7

55-59 2 0.4

Education Iliterate 52 115
1-8 260 573

9-12 106 234

>College 36 79
Marital status Married 371 817
Unmarried 9 2.0

Divorced 67 14.8

widowed 7 15

Occupation Housewife 249 54.9
Employed 57 12.5

Daily laborer 55 121

Private 93 20.8

Family size 1-4 194 425
5-6 210 46.2

>7 50 11.0

Total 454 100

Table 1.

Socio-demographic chavacteristics of study participants.

Mothers who had a history of jaundice (AOR = 17.8 CI; (4.0-75.5); p = 0.03) were
17.8 times more likely to be HBV positive than their counterparts. Statistically
significant association was observed between having contact with HBV infected
household members and HBV infection (P = 0.05). Mothers who had previous
history of household contact were 3.2 times more likely to have infection with
HBYV than those without previous history of household contact (AOR = 3.2; CI
(1.0-10.4); P = 0.05) (Table 3).

Participants’ age group (p = 0.012), marital status (p = 0.05), caring for hepa-
titis patient (p = 0.01), blood transfusion history (p = 0.03), history of jaundice
(p = 0.00), and family history of liver disease (p = 0.012) were significantly associ-
ated with HCV infection (Table 4). However, previous history of dental procedure,
body tattooing, having multiple sexual partner, body piercing with sharp objects,
and history of surgical procedure showed no significant association with having
hepatitis C virus infection. In addition, HCV associated factors and their associa-
tion with HCV infection was determined using binary and multivariate logistic
regression. History of jaundice (AOR = 19.2; CI (3.5-104.9); p = 0.02) and alcohol
consumption habit (AOR = 6.9; CI (1.3-37.0); p = 0.02) _were significantly associ-
ated with HCV positivity at 95% confidence interval. In the multivariate analysis,
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Socio-demographic Numbers HBsAg HBcAb HCV
characteristics Positive (%) Positive (%) Positive (%)

Age group 20-24 21 0(0.0) 6(28.6) 0(0.0)

25-29 114 8(7.0) 34(29.9) 1(0.9)

30-34 152 7(4.6) 55(36.2) 4(26)

35-39 114 2(1.8) 40(35.1) 3(2.6)

40-44 34 0(0.0) 19(55.9) 0(0.0)

45-49 14 0(0.0) 8(571) 0(0.0)

50-54 3 0(0.0) 2(66.7) 1(333)

55-59 2 0(0.0) 1(50.0) 0(0.0)

Education Illiterate 52 0(0.0) 11(21.2) 1(2.0)

1-8 260 12(4.6) 97(37.3) 4(15)

9-12 106 3(2.8) 43(41.0) 3(2.8)

>College 36 2(5.6) 14(38.9) 1(2.8)

Marital status Married 371 16(4.3) 137(37.2) 4(1.1)

Unmarried 9 1(11.1) 2(22.2) 0(0.0)

Divorced 67 0(0.0) 24(35.8) 4(6.0)

widowed 7 0(0.0) 1(28.6) 1(14.3)

Occupation Housewife 249 11(4,5 92(36.9) 4(1.6)

Employed 57 0(0.0) 23(40.4) 1(1.8)

Daily laborer 55 4(7.3) 16(29.1) 2(3.6)

Private 93 2(2.2) 34(36.6) 2(2.2)

Family size 1-4 194 3(1.5) 66(34.0) 2(1.0)

5-6 210 9(4.3) 77(36.7) 7(3.3)

>7 50 5(10.0) 22(44.0) 0(0.0)

Total 454 17(37) 165(36.3) 9(2.0)

Table 2.

The prevalence of HBsAg, HBcAb and anti-HCV antibodies segregated by socio-demographic characteristics.

after adjustment for all other confounding variables, age group, marital status,
history of blood transfusion and family history of liver disease has no impact on the
acquisition of HCV infection as shown in Table 4.

4. Discussion

HBV and HCV infections are significant health problems around the globe.
Both infections are associated with a broad range of clinical presentations ranging
from clinically asymptomatic, acute hepatitis to chronic hepatitis and liver cirrhosis
[9]. Population based serological studies conducted on viral hepatitis have demon-
strated the diversity of epidemiological patterns with regard to the risk of acquiring
infection related to personal attributes, place and risk distribution [10]. Screening
asymptomatic people is important for early diagnosis and intervention, which may
improve health outcomes and enhance our understanding of diseases transmission
pattern [10].
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S.No Variables HBsAg test result COR (CI) 95% AOR (CI) P-value
0,
Positive % Negative 95%
1. Diagnosis 5(13.9) 31 5.5(1.8-16) 54 0.03
history of 12(2.9) 406 1.0(reference) (1.8-16.5)
hepatitis Yes
No
2. Caring of 2(4.8) 40 1.3(0.3-6.0) 0.72
hepatitis 15(3.6) 397 1.0(reference)
patients Yes
No
3. Operation Yes 4(2.5) 153 1.7(0.6-5.0) 0.34
No 13(4.4) 284 1.0(reference)
4, Sharp injury 10(4.2) 27 1.3(0.5-36) 0.57
Yes 7(3.2) 210 1.0(reference)
No
5. Blood 2(2.7) 25 2.3(0.5-10.6) 0.29
transfusion 15(3.5) 412 1.0(reference)
Yes
No
6. History of 4(30.8) 9 14.6(4.0-54) 178 0.03
jaundice 13(3.0) 428 1.0(reference) (4-75.8)
Yes
No
7 Tattoo Yes 3(3.4) 86 1.2(0.33-4.13) 0.82
No 14(3.8) 351 1.0(reference)
8. Ear-piercing 16(3.6) 425 1.2(0.06-3.7) 0.46
Yes 1(77) 12 1.0(reference)
No
9. Dental 5(3.2) 152 1.2(0.27-2.3) 0.66
procedure 12(4.3) 285 1.0(reference)
Yes
No
10. Multiple 4(5.8) 65 1.3(0.25-71) 0.75
sexual 13(3.4) 374 1.0(reference)
partner
Yes
No
11. Family 4(9.5) 38 3.2(1.0-10.4) 4.3 0.05
history of 13(3.2) 399 1.0(reference) (1.5-11)
hepatitis
Yes
No
1. History of 3(2.2) 136 2.0(0.2-3.4) 0.25
abortion 14(4.4) 301 1.0(reference)
Yes
No
13. Vaccine Yes 0 4 0.0 0.99
No 17 433 1.0(reference)
Table 3.

Association between different risk factors and HBV infection.
The results from this study revealed 3.7% sero-prevalence of HBsAg, which lies
within the established standard intermediate endemicity of hepatitis B prevalence

[11]. Even though this finding in agreement with the WHO intermediate level of
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HCV testresult
Variables Positive Negative COR(CI)95% AOR(CI) Pvalue
(%) (%) 95%
Marital status 4(11) 367(98.9) 1.0 9.3(1.5-58.8) 0.01
Married 0(0.0) 9(100) NA 34.5(1.2- -
Unmarried 4(6.0) 63(94.0) 5.8(1.4-23.8) 100.0) 0.01
Divorced 1(14.3) 6(85.7) 1.5(1.48-154) 0.004
Widowed
Caring of hepatitis 3(7.1) 39(92.9) 5.2(1.25-21.6) 0.59
patient 6(1.5) 406(98.5) 1.0
Yes
No
Blood transfusion 2(7.7) 24(92.3) 5.0(1.0-254) 0.21
Yes 71.7) 421(98.3) 1.0
No
History of jaundice 2(8.3) 11(91.7) 11.3(2.1-60.6) 19.2(3.5- 0.02
Yes 7(1.6) 434(98.4) 1.0 104.9)
No 1.0
Family history of 3(71) 39(92.9) 5.2(1.2-21.6) 0.72
liver hepatitis 6(1.5) 406(98.5) 1.0
Yes
No
Alcohol 4(6.7) 56(93.3) 5.6(1.5-21.3) 6.9(1.3-37.0) 0.03
consumption 5(1.3) 389(98.7) 1.0 1.0
Yes
No
Total % 9(2.0) 445(98.0) 454
Table 4.

Association between risk factors and HCV infection.

endemicity, it may not represent the whole community. Because, this study mainly
focuses on apparently healthy mothers in Addis Ababa, who represent only female
populations; and it needs more inclusive sample from both sexes in order to argue
the WHO established endemicity classifications. This result compares well with the
results of a study conducted in Jimma on 493 pregnant women, where the serop-
revalence was3.7% [12], and a study done in Addis Ababa on delivering women,
which had sero-prevalence of 3.0% [13], and studies done in Woldia and south
Gondar on diabetes and non-diabetic patients, where the seroprevalence for both
was 3.7% [14]. The reported HBsAg prevalence of this study was higher than what
was reported in studies conducted in Dessie on healthy female blood donors (1.5%)
[15], in Addis Ababa on Public Health Centers cleaners (3.57%) [5], and in Jimma
on blood donors 2.1% [16]. In contrast, it was lower than what was reported in stud-
ies conducted documented in Dessie on pregnant women (4.9%) [17], in Gondar,
Bahir Dar, Dessie and Mekelle on blood donors (6.2%) [18], Shashemene (5.7%)
[19], Ghana (10.6%) [20], and in Addis Ababa on the community (6.2%) [21]. The
observed discrepancies in HBV distribution across different geographical loca-
tions might be attributed by variation in socio-demographic characteristics of the
study population, such as socio-cultural environment, traditional practices, sexual
practices, medical exposure, and the difference in hepatitis and other underlined
disease epidemiology. Moreover, the variation could also be due to circulating
genotypes, which is responsible for disease severity as well as treatment responses,
methodological difference (test method, study design etc.), the level of awareness,
and behavioral differences for the potential risk factors of HBV infection.
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The overall sero-prevalence of HCV (2.0%) in this study is similar to a study
conducted in Gabon (2.1%) [22], a study conducted in Sudan (1.9%) [23], sero-
prevalence of the general population of Ethiopia (2.0%) [24], a study conducted in
Poland (1.9%) [25] and a study conducted in northern Ethiopia volunteer testing
and counseling center (2.0%) [26]. This finding was also comparable with other
reports found in health center cleaners in Addis Ababa (1.59%) [5] and in blood
banks at Gondar, Bahirdar, Dessie and Mekele (1.7%) [15].

In contrast, this finding was higher in a report from Dessie blood bank
0.39% [15], Jimma adult blood donors 0.2% [17], Debretabor hospital among
HIV patients 1.3% [25], Arba Minch blood bank, in southern Ethiopia 0.0%
[24], in Dessie among pregnant mothers was 0.8% [27], 0.19% in Indian women
[28], and in Nigerian pregnant women 1.39% [29]. Moreover, our finding was
lower than what was reported in studies from Gondar (5%) [30], Hawassa
(6%), Kigali (5.2%), Rwanda [31], and Ghana (7.7%) [32]. These differences
may be attributed to difference in sensitivity and specificity of methods used,
e.g. ELISA vs. Rapid test. Another reason for these differences could be using
different study designs. Usually, facility based study designs have overestima-
tion because their population is composed of people that have already observed
some of the symptoms of the infection. Sampling technique: those convenient
sampling techniques usually are subjected to bias etc.), population variation,
types of risk exposure and sample size that have a great effect on the result
different studies.

In this study, most of socio-demographic variables were not associated with
HCV infection. However, caring for hepatitis patients and history of jaundice were
significantly associated with the occurrence of HCV infection. These findings were
supported by a study conducted in Ethiopian public hospitals [30]. In the pres-
ent study, no statistical significant differences were observed for HBV and HCV
infections in terms of age, sex, occupation and educational status. This study was
supported by a study reported in Amhara regional state general populations [33]
and a study done in Felege Hiwot Referral Hospital, northwest Ethiopia [34].

The highest prevalence of HBsAg was detected among apparently healthy
mothers, who were 25-29 or 30-34 years old. This was in agreement with studies
conducted in Shashemene General Hospital, southern Ethiopia; Shenyang, China;
Debretabor hospital, South Gondar, Northwest Ethiopia; Addis Ababa, Ethiopia
[9, 30, 35, 36], and Nigeria [29]. The observed high prevalence of HBV positivity
among younger age group could be due to h the high probability of exposure to high
risk health behaviors.

The present study investigated the association of HBV infection prevalence and
level of education. Higher prevalence was observed among those with primary
level of education. This finding was in agreement with previous study conducted in
Ethiopia among pregnant women [36]. History of liver disease, history of jaundice,
and family history of liver disease were significantly associated with HBV infection
and were important predictors of HBV infection. These findings were supported by
a study conducted in Bahirdar [37], in Debretabor hospital [27], Gondar hospital,
[29], and in Karachi, Pakistan [38].

5. Conclusion
The present study showed 3.7% and 2.0% for HBV and HCV infection preva-
lence, respectively. This result was an intermediate prevalence of HBV and HCV

infection among apparently healthy mothers. This was in line with World Health
Organization’s regional HBV and HCV infection burdens [4, 9].
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In our study setting, there was intermediate level of HBV and HCV prevalence
apparently healthy mothers. Therefore, there is a need for timely intervention
strategies to alleviate the burden of HBV and HCV infection in this community.
This prevalence rate also calls for additional efforts regarding active screening and
vaccination for young adults and public health education campaigns in the media to
promote better awareness of viral hepatitis risk factors.

In this study, mothers within the ages of 24-29 and 30-34 had the two highest
prevalence of HBV, 7.0% and 4.6% respectively. It may be at high risk and serves asa
reservoir which requires routine screening and vaccine schedules (for HBV) may be
important for those high risk groups.

This shows higher level of carrier status in mothers at reproductive age. This
might increase risk of mother-to-infant transmission in the study areas.

Among the assessed variables and clinical presentations, previous history of
liver disease, history of jaundice, and family history of liver disease were signifi-
cantly associated with HBV infections. On the other hand, marital status, con-
sumption of alcohol, and history of jaundice were significantly associated with the
occurrence of HCV infection.

Scaling up of screening of pregnant and non-pregnant mothers for HBV and
HCV infections and provision of health education about the risk factors, the mode
of transmissions, and prevention are recommended. Population based studies with
additional serological markers and molecular techniques are required to design a
working strategy for evidence-based intervention. Therefore, screening apparently
healthy mothers is an important tool in early diagnosis and intervention.
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