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Abstract
Hepatitis B and Hepatitis C have been major disease-causing agents among humans since they
were discovered in the 1960s. Both cause jaundice-like symptoms initially but their prognosis
and treatment are somehow different and depend upon many demographic details, such as the
age and susceptibility of the patients and any other comorbid conditions. They clinically
present primarily with hepatitis and can have many adverse effects or even be life-threatening
at times, if not treated properly. However, their epidemiological background and findings in
terms of morbidity, mortality, and case fatality rates are different. The disease burden, impact
on the healthcare system, and prevention of the two diseases are quite different. The treatment
and management options along with the prevention and control measures share unique
strategies for handling the two diseases. The purpose of this review is to highlight the gaps in
disease monitoring and to find ways and opportunities that can lead to improved care and
better management of Hepatitis B and C locally and globally. Online databases were searched
and peer-reviewed articles were selected. Key issues identified were lack of education globally
in resource-limited settings, leading to a decreased understanding of the potential hazards
associated with needle sharing and lack of access to healthcare because of a lack of insurance.
The failure of compliance with vaccination leads to an increase in mother-to-child
transmission (MTCT)-related infections. Increased global travel demands a systematic program
in most immigrant-receiving countries to screen for hepatitis B virus (HBV)/hepatitis c virus
(HCV) infections. Delayed U.S. Food and Drug Administration (FDA) licensing for new drugs
hampers the treatment of chronic Hepatitis-B (CHB) among children. With the advancement in
science, an effective vaccine against HCV will definitely help in eradicating the infection.
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Introduction And Background
Chronic Hepatitis B and C infections are prevalent diseases and add a substantial burden to
healthcare systems, with both accounting for global morbidity and mortality of approximately
one million deaths that are attributable to them or/and their sequelae [1].

Hepatitis B
The clinical features of the hepatitis B virus (HBV) infection ranges from asymptomatic
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infections to jaundice following a flu-like illness. Persons with acute HBV may develop serum
sickness-like illness and chronic infection, which is associated with glomerulonephritis or
vasculitis [2].

The HBV infection in infants and children rarely results in jaundice, and such young patients
usually remain completely asymptomatic. In infants born to a mother who is a hepatitis B e-
antigen (HBeAg)-positive carrier, the risk of infection with chronic carriage (defined as carriage
for more than one year) is approximately 80% if the HBV vaccination is not initiated soon after
birth. The risk of chronic infection decreases with increasing age. By age six, the chronic
infection occurs in 5% to 10% of individuals and in 1% to 5% of adolescents and adults. HIV
positive patients, patients on dialysis, oncology and transplant patients, and those who are
immunosuppressed have a high risk of developing chronic HBV.

Disease Burden
HBV infects over two billion people worldwide, with approximately 360 million chronically
infected. It results in substantial morbidity and mortality, with an estimated 600,000 deaths per
year [3].

In prospective studies in Taiwan, 25% of persons infected during their childhood and who
became carriers of HBV developed hepatocellular carcinoma (HCC) during their lifetime. Nazzal
Z et al. conducted a case-control study on 100 cases and 100 controls for the risk factors of
hepatitis B transmission in northern Palestine. They performed a univariate analysis and
logistic regression model to examine the probable risk factors of hepatitis B infection. Nazzal
Z et al. found out that that the cases had a history of blood transfusion, dental visits,
hospitalization, sharing shaving equipment, intravenous (IV) drug use, or living abroad as
compared to the controls [4].

Hepatitis C
Common risk factors like medical procedures, lifestyle-associated risk factors, IV drug abuse,
and tattoos/piercings were also noticed [5]. Hepatitis C virus (HCV) is transmitted parenterally,
thus putting healthcare professionals at risk of infection, especially dental healthcare
workers who need to recognize the symptoms of the infection that may be present in the oral
cavities of infected individuals [6].

Transmission of the hepatitis C virus is of critical importance, as it is a key step to stop the
virus from spreading by stopping the route of transmission. Primarily, HCV is transmitted via
contact with the blood of infected individuals; other forms of contact with human blood or/and
secretions are also likely to transmit the virus, but at a lower frequency [7].

The hepatitis C virus infects men more than women, and after the initial infection, women are
more likely to clear the virus than men, with slower rates of liver disease progression as well.
However, the disease progression changes over time with postmenopausal women having
increased rates of fibrosis due to the lost protective effects of estrogen; thus, the disease
burden from HCV is mostly predominant in men [8].

Disease Burden
HCV infects more than 185 million individuals worldwide. Twenty percent of patients
chronically infected with HCV progress to cirrhosis [9]. Approximately 10,000 persons die of the
HCV infection each year in the United States [2], increasing the burden on healthcare systems.
The HBV infection is a major public health problem worldwide, with roughly 30% of the world's
population showing serological evidence of current or past infection.
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Review
Goals and objectives
Because of the sequelae of chronic liver diseases, including cirrhosis and hepatocellular
carcinoma (HCC), infections like HBV and HCV are still major causes of morbidity and mortality
globally [10]. In sub-Saharan Africa, HBV and HCV transmission via blood transfusions is very
high and reducing the risk of transfusion-transmitted human infection is a priority of
international aid organizations recently. The efforts of the U.S. President’s plan for AIDS relief
(PEPFAR), the World Health Organization, the global fund to combat HIV/AIDS, malaria, and
tuberculosis (TB), and HBV- and HCV-related surveillance programs to evaluate these two
diseases in 38 sub-Saharan African countries has increased the screening of at least 95% blood
donations for HBV and HCV, decreasing the national prevalence of HBV and HCV [10].

Although it is understood that hepatitis B and hepatitis C are common predisposing factors
leading to cirrhosis and liver cancer, therapies for hepatitis B suppress viral replication and
improve morbidity and mortality; hepatitis C is a treatable disease, so if it is diagnosed early
and treated, it can lead to viral eradication [11].

The goal of this review is to highlight the gaps in the management of hepatitis B and C, from
the disease evaluation phase to monitoring and improved care. The attempt is to highlight the
burden of the disease and the limitations in improving patient care, both nationally and
internationally. Addressing these key issues can have a significant impact on the disease
prevalence and reduce the burden on healthcare by further diminishing the impact caused by
the co-morbid conditions associated with these diseases.

Materials and methods
The methods used for gathering research for this analysis included extensive searching on the
Tulane University Howard Tilton Library Internet database. Databases such as PubMed, Google
Scholar, Public Health Grey literature, ClinicalKey, and Embase were searched for peer-
reviewed articles. The abstract summaries of all the articles were read and then the relevant
ones were selected and read in detail. Articles older than 2014 and those not in English were
not included in the final selection.

Results
A study by Islam et al. found that more than half of the study participants had inadequate
knowledge of liver disease, with higher percentages of people with very limited knowledge of
HBV and HCV in particular. They also found out that the mean knowledge score was increased
among patients with higher education, a history of HCV screening, and low alcohol
consumption [12].

There is an estimate that around 90% of individuals infected with HCV worldwide reside in
resource-limited settings [13]. One of the key challenges faced by the world today in controlling
and preventing hepatitis, such as HBV, is the widespread use of infected, shared needles among
drug users, which is, by far, the most important element in the transmission of the disease.
A research was conducted in India [13] among 14481 people who injected drugs of different
kinds, and samples were collected from 15 cities across India from January 2, 2013, to December
19, 2013. HCV prevalence was estimated by the presence of anti-HCV antibodies. The study
showed that the median age of the participants was 30 years, with 13608 being men. The
weighted HCV prevalence was 5777 (37.2%). It was higher among the community with a lifetime
injection frequency, alcohol use, reported needle sharing, and other diseases like HIV positive.
Among these people, 440 were aware of their status, 225 had seen a doctor for their HCV, and
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79 had taken HCV treatment, while 18 had undetectable HCV ribonucleic RNA. From such
examples, it can be deduced that an awareness of HCV positive status was significantly
associated with higher education, HIV testing history, knowledge of HIV positive status, and
community involvement in therapy coverage. Such communities can be an alarming sign and
can act as a neglected epidemic.

The morbidity and mortality rate of HCV is higher among people who inject drugs
(PWID) because of the other, associated risk factors and comorbidities. Recently, data were
derived from a long-term cohort of PWID in Vancouver, Canada [14] in order to evaluate the
HCV incidence and associated risk factors among PWID recruited from 1996-2012. It was seen
that the overall density of HCV incidence declined significantly from 25/100 in 1996-1999 to
6/100 in 2000-2005, and 3.1/100 in 2006-2012. Among PWID, a downward trend in the
incidence density was noticed, with 27.9/100 in 1996-1999, to 7.5/100 in 2000-2005, and
4.9/100 in 2006-2012. Thus, the study concluded that the HCV incidence declined dramatically
among PWID, however, improved public health strategies to prevent and treat HCV are still
urgently required to reduce the HCV-associated morbidity and mortality [14].

No more than one in five individuals with jaundice-like symptoms will seek medical care, so
most of the times, an HCV infection is unnoticed [2]. In other cases, it becomes difficult to
distinguish from other hepatitis viruses. Malaise is a clinical symptom that may persist for 10-
50 years among 60%-85% individuals with persistent viremia (can show elevated liver
enzymes), after an acute infection of HCV, but is still not an indicator to be diagnosed and
consulted for hepatitis C.

Due to the increased number of travelers among different countries and continents, immigrants
have increased mortality from HCC as compared to the host populations, primarily due to an
undetected chronic HBV infection, as there are no programs for the evaluation of their disease
status so far. This can also be a potential threat to the host population [15].

MTCT is the most important source of new infections in endemic areas, but even in low

endemicity areas, over 1/3rd of infections can still be attributed to this route. Although a very
effective HBV vaccine is available, even with full compliance, failure can be seen in highly
viremic mothers who are positive for HBeAg.

The vertical transmission of HBV is most important in endemic areas, but, still, 3%-10% of all
the cases of HBV is due to the mother-to-child transmission of HCV, and it is still the leading
route of infection among children [16].

Burden on the healthcare system in the US
It is estimated that around six billion ambulatory care visits occurred in the US from 2006 to
2010, of which an estimated 25.8 million (0.43%) were chronic liver disease (CLD) related.
Among adults aged 45–64 years, Medicaid and Medicare recipients were 3.9 and 2.3 times more
likely to have a CLD-related ambulatory visit than those with private insurance, respectively. In
the United States, from 2006 to 2010, an estimated 49.6% of all CLD-related ambulatory visits
were attributed solely to viral hepatitis B and C diagnoses. Viral hepatitis is an important
etiology of CLD in the US, with hepatitis B and C contributing approximately one-half of the
CLD burden [17].

An estimated 1% to 1.9% of North Americans are infected with HCV [18]. Despite prevention
and vaccination, the HBV infection is still a major health problem that most commonly affects
the immigrant population and men [19].
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A chronic hepatitis cohort study, investigating baseline demographic, clinical, and mortality
data from the electronic health records of > 220 chronic HBV and 8800 chronic HCV patients
from four integrated healthcare systems, indicated the substantial burden of chronic viral
hepatitis in the US. It assessed the clinical impact of chronic viral hepatitis in the US. More than
1.6 million adult patients’ records were seen from January 2006 through December 2010,
showing that on the basis of baseline demographic, hospitalization, and mortality data, the
study highlighted the substantial US health burden from chronic viral hepatitis, particularly
among persons born during 1945–1964 [20].

Burman BE et al. studied and highlighted the gaps in disease monitoring and opportunities for
improved care and the management of hepatitis B among vulnerable populations. They
suggested that in certain US populations, HBV is prevalent and regular monitoring is critical to
reduce the morbidity and mortality associated with the HBV infection [21].

Discussion
Hepatitis C
Chronic HCV infection is a major public health burden associated with significant morbidity
and mortality. Recently, teleprevir and boceprevir have been approved for use with interferon
and ribavirin in chronic HCV, with an increase in viral eradication but associated with
increased adverse events as well, thus a decrease in clinical tolerance. Direct-acting antiviral
and host-targeting agents are newer classes of antiviral agents that offer drug combinations
without the need for interferon, with better response rates and a shorter duration of treatment
[22].

By the end of 2013, treatments of HCV took a great step with the approval of drugs like
simeprevir and sofosbuvir. These drugs can be used in different combination regimens with
ribavirin for treating different genotypes. This gives clinicians and patients the opportunity to
discuss and select from current treatment options or await upcoming regimens [23]. Oral
antiviral agents, simeprevir and sofosbuvir, have already been approved and are now available
for the treatment of patients with chronic HCV. Other antiviral agents were available during
2014. With these drugs, it is now possible to cure chronic HCV in the vast majority of patients
with chronic HCV and in many patients without interferon [24].

A literature search was conducted from January 1, 2009, till May 30, 2014, evaluating the
treatment of HCV, with 41 studies involving 19063 adult patients. HCV treatment
recommendations were formulated, suggesting that HCV genotype-1 represents 60%-75% of
HCV infections in the US and is more difficult to cure than genotype-2 or genotype-3, and type-
1 patients should receive treatment with sofosbuvir + pegylated interferon + ribavirin whereas
patients with type-2 and type-3 should receive therapy with sofobuvir + ribavirin alone. The
result concluded that newer, short-duration, simpler therapies result in higher SVR rates for
HCV-infected patients [9].

A recent Japanese study investigated the evolution of simeprevir-resistant variants in patients
at Toranomon Hospital infected with HCV genotype-1b and who were given triple therapy of
simeprevir/PEG-IFN/ribavirin. The study concluded that the emergence of simeprevir-resistant
variants after the start of treatment could not be predicted at the baseline, and the majority of
de novo resistant variants become undetectable over time [25].

No more than one in five individuals with jaundice-like symptoms will seek medical care, so,
most of the times, an HCV infection is unnoticed [2]. In other cases, it becomes difficult to
distinguish from other hepatitis viruses. Malaise is a clinical symptom that may persist for 10-
50 years among 60%-85% individuals with persistent viremia (can show elevated liver
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enzymes), after an acute infection of HCV, but it is still not an indicator to be diagnosed and
consulted for hepatitis C.

Injection drug use is the major cause of the transmission of the hepatitis C virus, and studies
have suggested that the use of the opioid agonist therapy can reduce the incidence of the HCV
infection among injection drug users. An observational cohort study recruited
young adult (younger than 30 years) injection drug users who were negative for the anti-HCV
antibody or/and HCV RNA. The study was conducted from January 03, 2000, till August 21,
2013, with quarterly interviews and blood sampling [26]. Study subjects were divided into
groups and the opioid agonist group was compared with the non-opioid agonist form of
treatment. The results showed that those young adult injection drug users who received opioid
therapy were associated with a lower incidence of HCV infection. So, they concluded that
treatment with methadone or buprenorphine for opioid use disorders can be an effective
strategy in order to prevent HCV spread among young injection drug users.

To increase the efficacy of HCV treatment, future regimens should incorporate multiple direct-
acting antiviral drugs. The HCV NS5A protein was expressed and purified. Aptamers for NS5A
may be used to understand the mechanisms of virus replication and assembly and served as
potential therapeutic agents for hepatitis C [27].

With increased screening for HCV, as recommended by recent Centers for Disease Control and
Prevention (CDC) guidelines, and with the availability of newer therapies that may lead to the
treatment of many more chronic HCV infections, the prevalence as well as case fatality rates of
the disease are decreasing [9].

Hepatitis B
Entecavir is the drug of choice as the first-line treatment for treatment-naive HBV patients.
With a high genetic barrier to resistance, treatment failure remains rare [28].

Telbivudine (LdT) or lamivudine (LAM) use in late pregnancy for highly viremic mothers was
equally effective in reducing mother-to-child transmission (MTCT). The treatment was well-
tolerated with no safety concerns identified [29].

In the United States each year, 24,000 infants are born to women who are infected with
HBV and an estimated 1000 newborns acquire the infection through vertical transmission from
their mother. MTCT rates of HBV can be greatly reduced if the current guidelines for screening
and immunization are universally followed. The use of oral antiviral therapy in highly viremic
mothers to reduce mother-to-child transmission is controversial but should be considered on a
case-by-case basis [30]. Kubo A et al. conducted an observational study to study the prevention
of the vertical transmission of hepatitis B and concluded that both prenatal HBV screening and
postnatal prophylaxis is highly effective in preventing the vertical transmission of the disease
[31].

Full compliance with the HBV vaccine schedule has also been an increasing concern since
MTCT is one of the most important sources of new infections, especially among the endemic

areas. However, even in low endemic areas, a significant 1/3rd of the infections has been
attributed to this route [4].

With newer drugs, the potential means of reducing the risk of MTCT include
nucleotide/nucleoside antiviral agents, interferon in very select cases, mode of delivery and
determining the optimal therapy, and preventing both obstetric and liver-related complications
remains a challenge but is also an important opportunity to reduce chronic hepatitis B
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infections [3].

The availability of the newer drugs and therapeutic strategies is, on one hand, beneficial but, on
the other hand, increases the complexity and individualizes the management of children with
hepatitis, making it extremely important to educate and advise pediatricians concerning the
new lines of treatment options available [1]. Although there are several guidelines currently
available for the management of adult patients with HBV, unfortunately, the clinical approach
to infected children is still in the primitive stage and standard interferons (IFN)-a is still the
treatment of choice among children with HBV infections. The licensing of highly effective drugs
for the treatment of HBV in older children and adolescents has certainly opened up new
possibilities in treatment options, however, the risk of the emergence of drug-resistant strains
is a public health problem and a major long-term issue even for young patients [1].

Though we now understand that the early and accurate diagnosis of cirrhosis is important for
an appropriate treatment strategy to predict the prognosis of patients with chronic hepatitis-B
(CHB) and a liver biopsy is still considered the reference standard for the assessment of liver
fibrosis. However, there are a few limitations of this method, for example, it is invasive,
associated with pain, and presents complications that can be fatal at times. Intra- and inter-
observer variability also limit the accuracy of liver biopsy data [32].

Qureshi et al. studied the mother to child transmission of hepatitis B virus infection in
Pakistan and evaluated if any change in immunization policy is required. Their study concluded
that the current hepatitis B vaccination regimen of doses at 6, 10, and 14 weeks are not
sufficiently protective and strongly urged the need for an introduction of a birth dose into the
national immunization system [33].

Some of the concerns resulting in increasing disease prevalence among developing
countries reside in the inadequacy of the knowledge of the population in general and
knowledge of liver diseases and their presentation. A study by Islam et al. showed that the
mean knowledge score was higher in patients with higher education, a history of screening, and
low alcohol consumption [12].

Some of the gaps leading to increasing disease prevalence and burden on healthcare settings
worldwide are resource-limited settings, lack of resources, government involvement and
interest in health in general, lack of education resulting in patients reaching hospitals with
terminal conditions, all of which further add to the burden [13].

Needle sharing is also one of the reasons HBV prevalence is higher among drug users,
advocating resource-limited settings and lack of adequate knowledge and resource allocation in
the target population [13].

In developed nations, newer cases are also reported among the immigrants, as no centralized
program of evaluation has been formulated by these countries to detect (screen) the incoming
population, which adds to the healthcare cost since immigrants have an increased risk of
HCC due to undetected HBV infections [15]. The prevalence of hepatitis B varies greatly
between different parts of the world with an increase in prevalence in recent years in
the United Kingdom, apparently due to an increase in migration from areas with a high
prevalence of chronic hepatitis B [34].

Conclusions
The high burden of an HCV and HBV co-infection coupled with low access to HCV services
emphasizes an urgent need to include resource-limited settings in the global HCV agenda.
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Although new treatments will become available worldwide in the near future, programs to
improve awareness and reduce disease progression and transmission need to be scaled up
without further delay. While the prevalence of a chronic HCV infection may have peaked, the
disease burden continues to grow. Increased treatment uptake and efficacy combined with
efforts to reduce disease transmission will help prevent advanced liver diseases and deaths.
Chronic viral hepatitis B and C infections are highly prevalent and create a substantial burden
on healthcare systems globally. Despite its benign course, chronic hepatitis B during childhood
and adolescence develops liver cirrhosis or hepatocellular carcinoma (HCC) before adulthood.
The treatment of CHB in childhood has been hampered by the long delay in licensing new drugs
for pediatric use. Safe and effective antiviral therapies are available in adults, but few are
labeled for use in children, and an accurate selection of who to treat and the identification of
the right timing for treatment are needed to optimize response and reduce the risk of antiviral
resistance. There are no systematic programs in most immigrant-receiving countries to screen
for chronic HBV infection and immigrants are not routinely offered HBV vaccinations outside of
the universal childhood vaccination program. Much progress has been made in the prevention
of HCV transmission and in therapeutic intervention. However, even if a new wave of directly
acting antivirals promise to overcome the problems of the low efficacy and adverse effects
observed for the current standard of care, which include interferon-α and ribavirin, an effective
vaccine would be the only means to definitively eradicate infection and to diminish the burden
of HCV-related diseases at affordable costs. Although there is strong evidence that the goal of a
prophylactic vaccine could be achieved, there are huge development issues that have impeded
reaching this goal and that still have to be addressed.
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