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19.1 Introduction

Although the routes of transmission and infectivity differ, the three blood borne
infections with most impact on public health are caused by viruses that can cause
chronic asymptomatic infections. Human immunodeficiency virus (HIV) is dis-
cussed in Chapter 3. Here we discuss hepatitis B virus (HBV) and hepatitis C virus
(HCV). HBV and HCV are grouped together for certain similarities (both caus-
ing hepatitis, hence the name, both caused by a virus, and both can lead to chronic
asymptomatic infections and liver disease) but the differences are prominent enough
to warrant separate presentations. Some of the main similarities and differences are
listed in Table 19.1. Other hepatitis viruses include hepatitis A virus and hepatitis
E virus that are both feco-orally transmitted. The hepatitis D virus, commonly called
deltavirus, occurs only as a superinfection in persons with active HBV infection.
Without laboratory testing, different causes of hepatitis cannot be distinguished.

Table 19.1 Main similarities and differences between HBV and HCV

HBV HCV

Efficiency of transmission blood borne ++++ +++
sexual +++ +/–

perinatal +++ +
through intact mucosa (not sexual) ++ –

progress to chronic infection adults 5–10% 75%
neonates of HBeAg positive mothers 90%

neonates of antiHBe positive mothers <30%
% icteric acute infection (in adults) 5–10% minority
Treatment success rate for chronic infection 30% 42–80%
Vaccination available Yes No
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19.1.1 Prevalence

A single blood borne exposure (e.g., through a needle stick injury) to HBV leads
to acute infection in an estimated 3–30% of cases and exposure to HCV in 1–10%
of cases as compared to HIV where the proportion of infections is 0.3%. Sexually,
HBV is transmitted ten times more effectively than HIV (Kingsley et al. 1990). For
HBV countries are classified as areas of low, middle, and high endemicity, whereas
the distribution of HCV equally shows regional variations but these are more focal.
In areas of low endemicity for HBV import through migration is the major contri-
butor to prevalence. For HCV in low-endemic countries, injecting drug use (IDU) is
the major mode of HCV transmission, and migration contributes to a lesser extent
to HCV prevalence.

For both HBV and HCV, the overall prevalence can be ascertained by population-
based sero-epidemiological studies. Data of donor screening is often used to
estimate the overall prevalence. However, as high-risk groups are excluded from
donating blood and donor inclusion criteria differ across countries, this data refers
to a highly selected subpopulation. Some countries have antenatal screening for
HBV in order to identify newborns at increased risk. Although pregnant women are
a selected subpopulation as well, this screening may provide a more representative
source. Incidence data on reported acute infections are of limited value for assessing
the prevalence as most HBV and practically all HCV infections in the acute phase
are asymptomatic and therefore undiagnosed. Moreover, using the long-term seque-
lae of HBV and HCV (i.e., liver cirrhosis, fibrosis, and carcinoma) based on clinical
data to estimate the prevalence is difficult as the results of serological tests are often
not included in morbidity and mortality registries.

These factors hinder efforts in determining HBV and HCV prevalence. However,
for both infections valid data are needed as they should guide public health
measures, either directed at specific high-risk groups (e.g., screening and early
treatment) or the population (e.g., universal vaccination against HBV).

19.1.2 Prevention

As for most blood borne infections, undiagnosed individuals are a reservoir and
a predominant source of new infections. Primary prevention of HBV and HCV is
therefore directed at hygienic precautions in all percutaneous procedures and, for
HBV, at promoting condom use and less risky sexual behavior. As there is a safe
and effective vaccine available against HBV, vaccination is the most important pub-
lic health measure in primary prevention. There is no vaccine available that prevents
HCV infection. For both HBV and HCV, early diagnosis (only established through
blood tests) and treatment of infectious individuals reduce the background preva-
lence of chronic infections and thus contribute to primary prevention. Concomitant
source and contact tracing has additional benefits in the case of the 30% symp-
tomatic acute HBV infections (identifying asymptomatic sources and preventing
new symptomatic infections), but has limited value in HCV where new infections
often go undiagnosed and infection is identified long after exposure.
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Whilst treatment of HBV and HCV previously relied only on immune modu-
lation, in the last decade new antivirals have been developed against both viruses.
Treatment success has increased and will further increase when new and combined
antiviral drugs become available.

In this chapter, we will describe the public health importance of these two silent
killers HBV and HCV, which annually cause more deaths than HIV in high-income
countries. We clarify the main epidemiological methods and obstacles in public
health prevention and control of these infections.

19.2 Hepatitis B

19.2.1 Epidemiology

19.2.1.1 Global Patterns and Transmission Routes

HBV is of major public health importance due to its high burden of disease and
its preventability. An estimated 360 million people worldwide have chronic HBV
infection, and 600,000 deaths occur each year due to HBV-related liver disease
or hepatocellular carcinoma (Shepard et al. 2006). HBV is transmitted by percu-
taneous or permucosal exposure to blood or body fluids from infected persons.
Transmission usually takes place either through sexual contact, blood contact, or
perinatally. Perinatal transmission is highly efficient (the major route in Southeast
Asia), with the highest risk in children born to HBeAg positive mothers (Beasley
et al. 1977). HBV is also transmitted within households to young children through
close non-sexual contact (the major route in Africa) (Davis et al. 1989).

Since the age of HBV acquisition is inversely associated with the risk of becom-
ing chronically infected, infections acquired in infancy or childhood contribute
disproportionally to the pool of chronic carriers. The lifetime infection risk varies
dramatically between 0.4% in Western Europe to 90% in East Asia, and is usually
described in three groups (Fig. 19.1) (Shepard et al. 2006).

19.2.1.2 Risk Groups

The prevalence of HBV in a country is associated with its predominant transmission
modes and the duration and quality of its vaccination strategy. In countries with high
prevalence (HBsAg seroprevalence ≥8%), most infections are acquired perinatally
or in early childhood (Shepard et al. 2006). In these countries, health-care associated
HBV transmission is also frequent (Hauri et al. 2004). In low prevalence countries
(HBsAg seroprevalence <2%) most infections are acquired through adult risk behav-
ior including IDU and male homosexual contact (Hahné et al. 2004). Other groups
with increased risk for acquiring HBV include infants born to infectious mothers,
health-care workers, children with developmental disabilities, patients undergoing
hemodialysis, and close contacts of infected people. Long-term travelers to endemic
areas are generally also advised to be vaccinated (Salisbury et al. 2006).
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Fig. 19.1 Geographical distribution of HBV endemicity. Source: World Health Organization
(2001) Introduction of hepatitis B vaccine into childhood immunization services, Geneva, WHO,
WHO/V&B/01.31

Within low prevalence countries, one can distinguish subgroups with relatively
high prevalence and incidence, with associated transmission patterns including fre-
quent perinatal and household transmission (Aweis et al. 2001; Hahné et al. 2003;
Hurie et al. 1992). These subgroups can be indigenous or arise through migration
from endemic areas. For public health management of HBV, it is important that
surveillance distinguishes between transmission occurring within a country (local
transmission) and infections imported by immigration of carriers (imported infec-
tions). Whereas the former can be influenced by a country’s vaccination policy, the
latter cannot.

19.2.2 Molecular Epidemiology

Hepatitis B virus belongs to the family of hepadnaviridae. It has a small double-
stranded circular DNA genome of around 3200 base pairs, which encodes seven
viral proteins. HBV is an unusual DNA virus as it replicates through an RNA
intermediate which is transcribed back into cDNA using reverse transcriptase. This
process is prone to errors, leading to a higher than usual mutation rate for DNA
viruses and to diversification of the virus. However, as over half of the genome
consists of overlapping open reading frames; most errors result in viruses with
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reduced fitness. The diversification does allow tracking of virus transmission. In
addition, it also has consequences for the prevention, diagnostic methods, natural
history, and treatment of HBV infections (Echevarria and Avellon 2006; Lok and
McMahon 2007).

The earliest grouping of HBV types made was based on variants of its surface
protein (HBsAg), determined by the antigens present in the HBsAg (Courouce et al.
1976). Antigen a is common to all known HBsAg subtypes. Since it is the main epi-
tope recognized by neutralizing antibodies arising through infection or vaccination,
vaccine protection is not subtype specific. Next to a, there are two pairs of mutu-
ally exclusive antigens (d/y and w/r), whereby w can exist in four forms (1–4). This
results in subtypes such as “adw4” and “ayr.”

Subsequent to the description of HBsAg subtypes, eight genotypes (A–H)
have been identified based on genome sequencing of HBV strains (Norder et al.
2004). The genotype grouping does not overlap with the HBsAg subtype group-
ing, although some correlations can be found. Within genotypes A, B, C, D, and F,
but not (yet) in E, G, and H, subgenotypes have been identified. The occurrence of
the HBsAg- and geno(sub)types varies geographically, which allows tracking virus
transmission and population movement between regions (Echevarria and Avellon
2006; Norder et al. 2004).

Within almost all groups of hepatitis B virus (sub)types, mutants have been
described according to where the mutation has occurred (pre-Core, Core, HBsAg).
These mutations can have important implications for public health: They can inter-
fere with the effectiveness of (passive and active) immunization and treatment, and
can also affect the sensitivity of diagnostic assays (Echevarria and Avellon 2006).
For example, a viable one point mutation in the pre-core region results in virus that
cannot produce a particular protein that is traditionally used as a marker for viral
load (the HBe protein). This can result in infectious individuals at risk of severe
disease being missed (Omata et al. 1991). Although this is a diagnostic challenge,
its public health impact has (so far) been limited.

Surveillance of HBV’s diversity and its implications is therefore a key component
of the public health response to HBV.

In addition to the study of subgroups of HBV and their characteristics, the relat-
edness of individual viruses can be studied in more detail using phylogenetics (see
Chapter 7). The phylogenetic resolution depends on the length and specific part
of the HBV genome that is sequenced (Boot et al. 2008). Phylogenetic analyses
that integrate epidemiological information (such as risk behavior, country of origin)
have become a powerful tool to assess the intensity of HBV transmission within
and between high-risk groups (van Steenbergen et al. 2002), to identify outbreaks
(Fisker et al. 2006), and to evaluate the effectiveness of vaccination programs (van
Houdt et al. 2007).

Recent molecular epidemiological analysis suggests that in the Netherlands men
who have sex with men (MSM) are the predominant high-risk group, with ongoing
local transmission reflected by the very close relatedness of genotype A strains from
MSM. In contrast, among heterosexually acquired HBV, sequences show a wide
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variation suggesting that they result from multiple introductions (by chronic carri-
ers that moved from endemic areas and, to a lesser extent, by returning travelers)
rather than from sustained transmission in a core-group of high-risk individuals.
Based partly on these findings, it was decided, in the Netherlands, to intensify vac-
cination of MSM but to cease the free vaccination offer for heterosexuals with high
rates of partner change. HBV transmission among heterosexuals may be prevented
more effectively by screening (some groups of) immigrants and vaccination of their
contacts. Since treatment of HBV has improved, secondary prevention is becoming
more important (Hutton et al. 2007), not only to prevent morbidity for the individual
patient but also to eliminate the patient as a source for others.

19.2.3 Clinical Course

19.2.3.1 Diagnostics

The immune reaction determines the clinical course of HBV infection. An inad-
equate, but persistent, immune response can lead to chronic infection. Testing of
antibodies against hepatitis B proteins (anti-HBc, anti-HBs, anti-HBe) and antigens
(HBsAg, HBeAg) are thus the means of diagnosing the stage of hepatitis B infec-
tion. Table 19.2 presents the most common course of occurrence of antigens and
antibodies after infection. Additional testing of liver enzymes, with liver biopsy for
histological classification, if justified, is required for clinical follow-up in chronic
infection. HBV-DNA by PCR can quantify the viral load and classify infectiousness
and therapeutical effect.

19.2.3.2 Immunological Reactions

There are important clinical differences (with epidemiological consequences)
between acute and chronic HBV infection. Acute infection can lead to acute (infec-
tious) disease, lasting several weeks or months. Acute hepatitis B in adults is usually
self-limiting, but 5–10% of infections become chronic. In neonates acute infections
usually are asymptomatic but the majority become chronic. Chronic infections cause
the major burden of disease (and are a constant source of infection for others–“the
reservoir”-) due to the increased risk of liver cirrhosis and hepatocellular carci-
noma after decades of chronic infection. There are various categories of chronic
infection, with corresponding long-term risk differences. To better understand the
disease process, four phases of infection are distinguished that consequently occur
in all infected individuals, while the length of stay in each phase is highly variable
(Lok 2002).

Phase 1: immuno-tolerant phase: “incubation period”. Tolerance with low
immune response resulting in HBV replication (circulating viral proteins –
antigens HBsAg, HBeAg and high viral load HBV-DNA, but normal liver
function tests – “transaminases”) and antibodies against the HBcore protein
(anti-HBc).
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Phase 2: immuno-active phase: “symptomatic disease”. Enhanced immune
response, leading to inflammation of liver cells (decreased viral load (HBV-
DNA), increased transaminases). Over time, seroconversion of the viral
e-antigen (HBeAg) to antibodies to the viral e-antigen (anti-HBe) might
occur. Many years in phase 2 can show periods of increased immune activity,
with symptomatic disease, and lead to serious liver damage.

Phase 3: inactive phase. Persistent anti-HBe, low HBV-DNA, normal transam-
inases. Occasionally, HBsAg seroconversion to low anti-HBs levels.
However, persistent HBV-DNA in liver cells might result in liver cirrho-
sis and hepatocellular carcinoma (HCC). HBV-DNA integrates in liver
cell-DNA and might disturb regulatory mechanisms in cell division and
multiplication. There is no evidence that viral factors are important in devel-
opment of chronic sequelae (as in HCV), but host factors (chronic necrosis,
inflammation, and regeneration of liver cells) and external (e.g., smoking)
factors contribute to HCC as is the case in HCV.

Phase 4: immune phase. High levels of anti-HBs and anti-HBc, absence of
HBV-DNA. This is the preferred endpoint of infection: lifelong immunity.
It is not excluded that HBV-DNA is integrated in the DNA of certain liver
cells, but this does not lead to any chronic sequelae, unless there is a serious
immunosuppression for other reasons (e.g., after organ transplant).

Adults most commonly proceed in a short (few months) time from phase 1–2
and 3–4 (asymptomatic, or with mild or seldom serious symptoms), resulting in
complete recovery with lifelong immunity. In contrast, infected new born children
might stay in phase 1 for many years and slowly progress over the years from phase
2 to 3 when, after several decades, serious liver disease might lead to early death
(never reaching phase 4).

19.2.3.3 Clinical Spectrum

The incubation period (phase 1) varies depending on the host’s immunity, trans-
mission route, and inoculum size. Symptoms are a sign of entering phase 2, and,if
occurring, start 6 weeks to 6 months after exposure. Only one-third of infected
adults, and an even smaller proportion of children, develops an icteric phase. Rarely,
acute symptomatic HBV infection leads to fulminant liver failure (1%) and death
(0.1%). HBV clearance is age dependent (Edmunds et al. 1993). Over 95% of adults
spontaneously and completely recover (phase 4). However, in 95% of cases infec-
tion at birth leads to persistent infection (phase 3), as compared to 30% for those
infected at age 0–6 years. Persons with persistent infection are at increased risk of
developing cirrhosis and HCC over the ensuing decades.

The liver-related mortality rate for chronically infected HBV patients is estimated
at around 1/1000 person years. In HIV co-infected individuals, the risk of HBV
chronicity and liver-related mortality is increased (Thio et al. 2002).
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19.2.3.4 Therapy

Acute hepatitis B is a self-limiting disease. However, in the rare cases of fulmi-
nant liver failure antiviral therapy might be beneficial (Tillmann et al. 2006) and
ultimately liver transplantation is the only life saving treatment option (still an
important reason for liver transplantation in the Western world).

Treatment of chronic hepatitis B is indicated if the viral load is high
(HBV-DNA >105 IU/ml) and if there are also signs of disturbance of liver func-
tion (elevated transaminases –ALAT-) or the presence of liver inflammation and or
fibrosis. Present treatment options include immune modulation with interferon alfa,
peginterferon alfa, and direct antiviral treatment with nucleoside analogues (such as
lamivudine, adefovir, entecavir, or telbivudine) (European Association for the Study
of the Liver 2009).

Pegylated interferon alfa during 12 months leads to sustained viral response in
35% of patients and complete cure in 7% (Buster et al. 2008). However, incon-
venient administration (subcutaneous) and frequent side effects hamper wider use.
Antiviral nucleoside analogues can be given for prolonged periods: one year of treat-
ment leads to reduction in viral load, lowering of transaminases, and improvement
of the liver histology in almost all patients. After discontinuation of antiviral therapy
the viral load might increase to pre-treatment values. Antiviral treatment can only
pave the way for the patient’s immune reaction; complete cure relies on the patient’s
immune system.

A serious drawback of long-term use of antivirals (especially lamivudine, but also
adefovir and telbivudine) is the occurrence of viral resistance. Resistance against the
newer entecavir is at present limited, but the follow-up period is still short.

19.2.4 Prevention and Control

19.2.4.1 Hygienic Precautions

For blood borne pathogens, hygienic precautions in the health-care setting are
essential for control. This includes avoiding the use of contaminated instruments,
universal precautions for invasive procedures, and screening of blood products, tis-
sue and organs. Health-care workers and the public should be educated. Outside
health care, the use of contaminated instruments by tattoo, piercing, nail studios,
and IDU should be avoided, e.g., by offering needle exchange programs for IDUs.
For prevention of sexual transmission condom use is effective.

19.2.4.2 HBV Notification and Post-exposure Prophylaxis

In areas of low endemicity notification remains important for HBV control. For
reported patients, serological markers are evaluated and source and contacts are
traced and vaccinated if susceptible. Needle stick injuries and other percutaneous
and permucosal exposures, including sexual exposures, always warrant risk assess-
ment for immediate post-exposure prophylaxis (with HBV vaccine and possibly
hepatitis B immune globulin (HBIg)).
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19.2.4.3 Universal HBV Vaccination

HBV vaccine (available since 1982) is safe and >95% effective in preventing HBV
infection, and is thus the first vaccine against a virus that also causes human cancer.
In 1992, the World Health Organization (WHO) called for all countries to imple-
ment universal vaccination, and 151 of 192 member states complied (Shepard et al.
2006). In areas with very low prevalence, the cost-effectiveness of universal vaccina-
tion is still under debate. Irrespective of universal immunization, selective targeted
vaccination for those at highest risk remains important for the coming decades.
Universal vaccination in high and medium incidence countries has led to a con-
siderable reduction in prevalence, morbidity, and mortality (Ni et al. 2007; Bonanni
et al. 2003). Costs are the major barrier for vaccine introduction in developing coun-
tries. Fortunately, the Global Alliance for Vaccines and Immunization (a coalition
between public and private institutions) and the Global Fund for Children’s Vaccines
is making HBV vaccine available for 74 low-income countries (Lavanchy 2004).

19.2.4.4 Selective Targeted HBV Vaccination

Low prevalence areas usually target only groups at increased risk for free vac-
cination: medical risk groups, babies of chronically infected women (requiring
antenatal screening and subsequent administration of HBIg at birth, followed by
HBV vaccine), IDUs, MSM, and heterosexuals with multiple partners (Salisbury
et al. 2006). However, the vaccination coverage in these groups is often low, even
among employees at increased risk for HBV that are obliged to be vaccinated, such
as health-care workers (Ndiaye et al. 2005).

Travelers of low prevalence areas going to intermediate or high endemicity
areas are also advised to have HBV vaccination depending on duration of stay and
additional risk factors.

The impact of selective vaccination on the epidemiology of HBV in low inci-
dence countries appears at present to be limited. In the UK and The Netherlands,
transmission is ongoing in IDUs and MSM, respectively (Sutton et al. 2006a; van
Houdt et al. 2007). This can be explained by low vaccination coverage, increase in
the size and changes in behavior of high-risk populations, and enhanced testing and
subsequent reporting of (anicteric) infections that previously went undetected. To
better assess the effectiveness of selective vaccination, additional methods including
behavioral and molecular surveillance are therefore needed. The impact of selective
adult vaccination on the burden of disease is limited, as newly acquired infections in
adulthood progress to chronic infection only in a minority of cases (5%) and the cur-
rent disease burden mainly originates from chronic carriers who immigrated from
higher prevalence countries.

19.2.5 Modeling

For HBV, mathematical models have broadly three aims: to study the epidemiology
of HBV, to guide public health interventions, and to predict the future burden of
disease.
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Since the adverse health outcomes of HBV infection mostly take place years after
infection, Markov models are used to estimate the effect of HBV screening (Hutton
et al. 2007) and treatment of chronic HBV (Takeda et al. 2007).

Obtaining insight into the epidemiology of HBV and its determinants is complex
since infection is often asymptomatic. Since the risk of acquiring chronic infection
is age dependent and the average age of infection is influenced by the prevalence
of carriage, a positive feedback mechanism exists. Mathematical models have been
highly instrumental in explaining the extreme differences in levels of HBV endemic-
ity between countries and populations (Medley et al. 2001). Models are also needed
for estimating transmission parameters (e.g., the force of infection or basic repro-
ductive ratio) from (sero)prevalence data obtained through surveys (Sutton et al.
2006a; Coleman et al. 1998). These quantities provide information about the pre-
vention effort needed to eliminate the virus and the population groups best targeted
by prevention measures.

For HBV, as for many other communicable diseases, interventions such as vac-
cination and treatment not only reduce the risk of infection and disease in the
vaccinated or treated individual, but also in his or her close contacts. A compre-
hensive assessment of the impact of vaccination and treatment therefore requires
that these indirect effects are quantified and taken into account. To do so, dynamic
models have been used that simulate the transmission of HBV in a population given
determinants such as age, sexual risk behavior, and vaccination coverage. These
models have been used to inform decision making on the introduction of pub-
lic health interventions by assessing the (cost)-effectiveness of HBV vaccination
(Williams et al. 1996). Dynamic models have also been used to assess the short- and
long-term impact of public health interventions subsequent to implementation, for
example, the impact of high-risk group vaccination on the prevalence of chronic
infections among MSM (Xiridou et al. 2008). These studies can provide realis-
tic expectations of when the impact of a vaccination program can be expected,
and to what extent, e.g., given different levels of sexual risk behavior in MSM.
Lastly, dynamic models can guide intervention programs so that maximum impact
is achieved. This can result in recommendations to prioritize vaccination of those
with the highest levels of risk behavior or new IDUs (Sutton et al. 2006b; Sutton
et al. 2006a).

As for other diseases, mathematical modeling has also been used to predict
the future burden of disease due to chronic HBV infection (Goldstein et al.
2005). These estimates are relevant to demonstrate potential impact of vaccina-
tion, and also for health-care planning. As described in Chapter 12 mathematical
models also have their limitations, and surveillance and (molecular) epidemio-
logical studies remain important tools for generating data to support and validate
models.
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19.3 Hepatitis C

19.3.1 Epidemiology

19.3.1.1 Transmission Routes

HCV was first identified in 1989. It was the most common cause of post-transfusion
non-A–non-B hepatitis, as it was especially recognized among individuals who had
received contaminated blood products. In 1991, the first commercial HCV antibody
test became available, leading to a dramatic decrease in the incidence of transfusion-
acquired HCV in countries that introduced screening of donor blood (Memon and
Memon 2002).

19.3.1.2 Global Pattern

HCV has infected an estimated 2.2% of the world’s population (The Global Burden
of Hepatitis C Working Group 2004). The reported prevalence rates vary greatly
per country. A serious limitation is the lack of reliable population-based stud-
ies. Overall, WHO estimates that the African and Eastern Mediterranean regions
have the highest HCV prevalence, but for many countries reliable population-based
studies are lacking (The Global Burden of Hepatitis C Working Group 2004).
The world’s highest HCV prevalence has been reported in Egypt, as a result of
mainly intravenous administered therapy against schistosomiasis. From the 1920s
till the 1980s multiple doses of therapeutic injections were administered in mass
settings without sufficient sterilization of re-used injection materials, leading to
a HCV prevalence of 15–20% in the general Egyptian population (Frank et al.
2000). Although in high-income countries health-care associated HCV transmis-
sion incidentally occurs, its contribution to the overall prevalence in these countries
is low (Thompson et al. 2009). In contrast, in median- and low-income countries
non-sterile injection practices, lack of HCV screening of donor blood, and other
iatrogenic routes of transmission still account for significant HCV transmission and
serve as a bridge to the general population (Madhava et al. 2002).

19.3.1.3 Risk Groups

IDUs are at high risk of HCV infection (prevalence 31–98%) (Memon and Memon
2002). Other risk groups for HCV infection are recipients of blood products
before 1992 [i.e., hemophilia patients, prevalence ∼70% (Posthouwer et al. 2005)];
hemodialysis patients [prevalence 3–23% (Fissel et al. 2004)]; non-injection drug
users (prevalence 2–35%), although the causal pathway to infection in the latter
group remains unclear (Scheinmann et al. 2007); people who experienced a needle
stick injury and health-care professionals dealing with blood and blood products
(prevalence unknown) (Gerberding 1995); household contacts of HCV-infected
individuals (possible transmission through the shared use of toothbrushes, razors,
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etc., prevalence 0–11% (Memon and Memon 2002)); and children born to HCV-
infected mothers, with transmission rates of ∼4%, increasing in maternal HCV/HIV
co-infection to ∼20% (Yeung et al. 2001). In contrast to HIV and HBV, so far no
specific measures are available to prevent mother-to-child transmission for HCV.
Mode of delivery and breastfeeding do not influence transmission rates significantly
(Yeung et al. 2001).

Other activities that may cause blood–blood contact have been described as
routes of HCV infection, such as tattooing, body piercing, and cultural/religious
practices (e.g., scarification, circumcision, acupuncture). However, results are
inconsistent and it is uncertain whether these risk factors make any measurable
contribution to overall HCV transmission (Alter 2007).

Even in the presence of HIV co-infection, HCV is rarely transmitted by hetero-
sexual intercourse (Vandelli et al. 2004). Since 2000, however, HCV emerges among
HIV-infected MSM (Giraudon et al. 2007; van de Laar et al. 2009). Phylogenetic
analyses showed clusters of MSM-specific HCV strains, indicating a sexual route
of HCV transmission. Based on mainly case studies, it has been suggested that
sexually acquired HCV is associated with HIV infection, the presence of ulcera-
tive sexually transmitted diseases, sexual techniques causing mucosal damage, and
sex under the influence of non-injecting drugs (Danta et al. 2007; van de Laar
et al. 2009).

19.3.2 Virology and Molecular Epidemiology

19.3.2.1 Virology

HCV is a single-stranded RNA virus, whose host range is confined to humans and
closely related primates. It primarily targets hepatocytes. Due to its similarities in
genome organization, structure and replication to a large group of vector borne dis-
eases (e.g., yellow fever) and animal pestiviruses, HCV was added to the family of
Flaviviridae. The viral genome codes for one single polyprotein, which is processed
into three structural proteins and seven non-structural proteins that code for the viral
enzymes (Simmonds 2001). The high viral turnover and the error-prone replication
process result in rapid evolution of HCV within an infected host. The swarm of
highly similar viral variants that develop within one host is called quasispecies and
probably provide the mechanism by which HCV evades host immune surveillance
and establishes and maintains chronic infection (Gale and Foy 2005) (Fig. 19.2).

19.3.2.2 Molecular Epidemiology

The high genetic variability of the HCV genome has led to a classification of the
virus into seven major genotypes (1–7) which except for genotypes 5 and 7 are each
further divided into more than 80 related subtypes (a, b, c,. . .) (Simmonds et al.
2005; Murphy et al. 2007). Genotypes have 65–70% similarity on the nucleotide
level, subtypes 75–80%, and within a subtype sequence variability is below 10%
(Simmonds et al. 2005). As HCV genotype distribution depends on geographic area,
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Fig. 19.2 HCV model structure and genome organization. Reproduced from reference Anzola and
Burgos 2003 with permission from the author

mode of transmission, and varies over time, it provides clues about the historical
origin and the spread of the virus. Some HCV subtypes are found globally due to
a swift spread in the 20th century through needle sharing among IDUs (types 1a
and 3a) or contaminated blood products (types 1b, 2a, and 2b). These genotypes
represent the majority of infections in Europe and Northern America. In contrast,
the presence of numerous and highly diverse subtypes in Western/Central Africa
and the Middle East (genotypes 1, 2, and 4) as well as Southeast Asia (genotypes 3
and 6) suggest that these genotypes originate from these areas where they have been
endemic for a long time (Simmonds 2001).

Evolutionary relationships among genes and organisms can be illustrated by a
phylogenetic tree, comparable to a pedigree showing which genes or organisms



19 Blood Borne and Sexual Transmission: Hepatitis B and C 347

are most closely related. As the degree of diversity (or similarity) among HCV
viral variants provides information on the likelihood that strains were acquired in
the same transmission network, phylogenetic analysis can be used to investigate
the spread of HCV. The high similarity of HCV isolates observed among MSM
in Europe revealed a large transmission network of HIV-infected MSM in which
HCV transmission was linked to high-risk sexual behavior (van de Laar et al. 2009).
In contrast, the degree of diversity among HCV and HIV isolates obtained from
children attending a hospital in Benghazi, Libya showed that four different HIV
and HCV outbreaks in this hospital were due to a long-standing infection-control
problem instead of the arrival of a foreign medical staff, who were found guilty in
2004 of deliberately infecting 426 children with HIV. Based on inferred nucleotide
evolutionary rates, the date of origin of the four outbreaks proved to vary between
1985 and 1997, which is before the arrival of the foreign staff (de Oliveira et al.
2006).

19.3.2.3 HCV Superinfection and Reinfection

Molecular typing techniques have confirmed that both HCV reinfection and super-
infection with a homologous or a heterologous HCV strain occur, suggesting that
neither virological clearance nor ongoing HCV chronic infection provides full
protection against new HCV infections (Blackard and Sherman 2007). Evidence
for partial HCV protective immunity derives largely from chimpanzee studies.
Chimpanzees that previously cleared HCV and subsequently were rechallenged
with homologous HCV strains, generally show lower levels of HCV viremia and
self-limited infection (Bassett et al. 2001). In humans, the presence of such partial
protective immunity remains controversial. IDUs from Baltimore who sponta-
neously cleared their HCV infection were found to be less likely to develop new
episodes of HCV viremia compared to IDUs without previous infection (Mehta
et al. 2002). No such protection, however, was observed among a cohort of young
Australian IDUs (Micallef et al. 2007). Moreover, as the generation of a recombi-
nant virus requires that a cell must be infected simultaneously with two or more
distinct HCV strains, the recent documentation of recombinant HCV strains is de
facto evidence that dual HCV infections also occur (Kalinina et al. 2004). The
reported frequency of such HCV superinfection in active IDUs varies between 0
and 20% (Herring et al. 2004; Dove et al. 2005). The true incidence, however,
is hard to establish as current laboratory methodologies make characterization of
superinfection cumbersome (Blackard and Sherman 2007).

19.3.2.4 Diagnostics

Standard HCV testing includes screening for HCV antibodies using an anti-HCV
EIA confirmed by immunoblot. In a clinical setting, a positive HCV antibody
test will be directly followed by RNA testing to establish the presence of ongo-
ing infection. In order to diagnose the widest span of viral variants, HCV-RNA
tests are generally based on the highly conserved 5′ untranslated region (UTR)
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of the HCV genome. Genotyping on the other hand requires viral heterogeneity,
reference regions globally used for genotyping are structural proteins core/E1 and
the non-structural NS5B protein that codes for the RNA polymerase (Simmonds
et al. 2005).

The time between the infection and the appearance of HCV antibodies is
estimated to be approximately 60 days (Busch 2001). Hence, the presence of
active HCV-RNA in HCV antibody negative individuals indicates acute infection.
However, prolonged seroconversion windows or complete failure to mount or main-
tain HCV antibodies have been observed among immunosuppressed individuals,
e.g., those co-infected with HIV (Chamie et al. 2007). Once HCV antibody posi-
tive, current lab techniques are unable to provide information on the moment HCV
was acquired. Loss of HCV antibodies (HCV seroreversion) has been described, but
mainly among individuals that were able to clear the virus (Lannote et al. 1998).

19.3.3 Clinical Course of Infection

In the majority of cases acute HCV is asymptomatic. Less than one-third of individ-
uals with an acute HCV infection experiences mostly mild and aspecific symptoms
such as loss of appetite, fatigue and flu-like symptoms, and occasionally jaun-
dice (Hoofnagle 2002). Natural viral clearance of HCV only occurs in a minority
(∼25%) of patients (Micallef et al. 2006). Chronic infection is defined as the
persistence of HCV-RNA for more than 6 months after infection. As the onset of the
infection and the development of cirrhosis in chronically infected patients usually
are asymptomatic, diagnosis often occurs late, limiting efforts to determine natu-
ral history of HCV (Seeff 2002). Depending on the study design and population,
a large variation in progression rate has been found. Approximately 20 years after
the onset of chronic infection, HCV leads to liver cirrhosis in 6–25% of patients,
of whom per year 1–4% develop hepatocellular carcinoma (Seeff 2002; Sweeting
et al. 2006; Patel et al. 2006). Next to viral factors, host and external factors such
as male sex, older age at the time of infection, HBV or HIV-1 co-infection, and
alcohol intake might accelerate disease progression (Seeff 2002; Patel et al. 2006).
Some of these factors are also associated with viral persistence after acute infection
and therapy outcome. New non-invasive methods have been developed that can be
used for clinical decision making, including combined serological markers and liver
scan techniques to establish the degree of fibrosis. However, until now liver histol-
ogy is still considered to be the most reliable method to stage and grade the severity
of liver disease (Patel et al. 2006).

19.3.3.1 Therapy

Recently, important advances in the treatment of chronic HCV infection have been
made. Currently, the recommended therapy consists of the use of a modified form
(pegylated) of interferon alpha (protein with immunomodularity and antiviral prop-
erties) in combination with ribavirin (a nucleoside analogue with antiviral activity).
In the absence of HIV co-infection, HCV treatment duration is usually 24–48 weeks,
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depending on the HCV genotype. The aim of the treatment is to eradicate viral
RNA and to reach a sustained virological response (SVR) , which is the absence
of HCV-RNA at 24 weeks after the end of treatment (National Institutes of Health
Consensus Development Conference Statement 2002). The most important predic-
tor of SVR, which occurs in 42–80% of the cases, is HCV genotype (Weigand et al.
2007). Genotypes 1 and 4 are difficult-to-treat genotypes, with approximately 50%
of treated patients achieving SVR, compared to an SVR up to 90% in patients
with genotypes 2 and 3. Other predictors of therapeutic outcome that influence
treatment duration include rapid viral response (RVR) (undetectable HCV-RNA
levels at week 4) and early viral responses (EVR) (≤2 log decrease in viral load
during the first 12 weeks) and low HCV-RNA level prior to treatment (Weigand
et al. 2007).

All patients should be considered for treatment. However, patients with mild dis-
ease activity can be given the option of deferring therapy (Patel et al. 2006). Despite
this, a high number of IDU still has limited access to HCV antiviral treatment, as
cost-effectiveness of HCV treatment in this population is often questioned. Those
successfully treated are at risk of HCV reinfection when sharing of injection equip-
ment is continued (Micallef et al. 2007). Moreover, low treatment adherence with
ongoing risk behavior, as well as the possibility of HCV superinfection at the start
of treatment might negatively affect HCV treatment outcome itself (Blackard and
Sherman 2007). However, recent studies suggest that when HCV care is integrated
with methadone provision drug users can be successfully treated (Novick and
Kreek 2008).

Approximately 10–14% of all patients discontinue treatment because of seri-
ous side effects (National Institutes of Health Consensus Development Conference
Statement 2002). Some others experience viral relapses after the end of treatment.
Currently new therapeutic concepts are being developed which directly target HCV-
RNA and viral enzymes, or influence host–virus interactions (Takkenberg et al.
2008). Despite toxicity issues and rapid selection of resistance, which did restrain
some of the initial enthusiasm, several of these new compounds are very promising
and are expected to be registered within the next 3 years. Future treatment of chronic
HCV infection will probably be more effective and shorter, and consist of a combi-
nation of peginterferon, ribavirin together with one or more new drugs (Takkenberg
et al. 2008).

19.3.4 Prevention and Control

19.3.4.1 Prevention of Further Spread of HCV

In contrast to HBV, for HCV there is no vaccine available, nor are there
drugs for post-exposure prophylaxis or prevention of mother-to-child-transmission.
Prevention relies completely on precautionary measures preventing further spread,
which are similar to those taken for HBV (e.g., hygienic measures, screening of
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donor blood). As effective treatment is available, creating awareness and stimulating
testing behavior among HCV risk groups is of major importance.

As IDUs are at high risk of HIV and HCV due to the reuse and sharing of
needles and/or injecting paraphernalia, in high-income countries many HIV harm
reduction programs have been targeted at this population. These include needle
exchange programs, social care, opioid replacement therapy (mainly methadone
and buprenorphine), or a combination of these. Many interventions have shown to
be cost-effective since they have reduced HIV prevalence (Wright and Tompkins
2006). Studies evaluating the effect of separate harm reduction programs on
HCV incidence or prevalence show inconsistent results. Van den Berg et al. sug-
gested that a combined comprehensive approach is effective (van den Berg et al.
2007).

Improvement of blood transfusion safety and health-care conditions are the main
factors that will contribute to the control of HCV transmission in low- and medium-
income countries.

19.3.4.2 Identifying Undiagnosed HCV Infections

Mass population screening for HCV in low prevalence countries is considered to
be inappropriate as its cost-effectiveness is poor. Several targeted screening pro-
grams have been carried out aimed at risk groups for HCV infection. Screening
policies are based on various considerations, including the prevalence of risk behav-
ior (i.e., injecting drugs) or exposure (blood transfusion before HCV screening
of donor blood started) in the population, the prevalence of HCV among those
with the risk profile, and the need for persons with a recognized exposure to be
evaluated for HCV (Alter 2002). Tracing HCV-infected individuals can lead to indi-
vidual lifestyle adjustments (improving HCV prognosis), treatment, and prevention
of further transmission (e.g., to household contacts).

As HCV had spread among individuals who received blood products before the
introduction of the first HCV antibody test in 1991, various high-income countries
introduced look-back programs in which recipients of blood from HCV-infected
donors were notified and motivated for testing. As in other look-back programs,
the Canadian HCV look-back experience successfully identified previously undiag-
nosed HCV-infected patients, but the costs were high and the yield relatively low
(Bowker et al. 2004). Other interventions aimed at identifying undiagnosed HCV-
infected individuals used targeted screening programs based on risk factors (Sypsa
et al. 2001; Mallette et al. 2007), which may prove to be a more cost-effective
screening policy. HCV information campaigns have been initiated in various high-
income countries including Australia, the UK, the USA, and Canada, but data on
the results of these campaigns have not been published so far.

Many medium- and low-income countries lack an active policy for identifying
HCV-infected individuals or for raising awareness, as other health or economic
problems have more urgency.



19 Blood Borne and Sexual Transmission: Hepatitis B and C 351

19.3.5 Modeling

Mathematical models have been used to reconstruct the spread of HCV. For exam-
ple, using molecular evolutionary analysis and a logistic growth model (see Chapter
12) it has been estimated that the spread of HCV genotype 1 in Japan in the 1930s
took place before widespread dissemination of HCV in the United States in the
1960s when IDU and transfusion of unscreened blood (products) were widespread
(Tanaka et al. 2002). A coalescent approach estimated that the timing of the HCV
epidemic in Egypt was between 1930 and 1950 (Pybus et al. 2003), whereas a back
calculation model estimated that the epidemic exploded in 1970 in line with the mas-
sive use of parenteral anti-schistosomiasis treatment in this period (Deuffic-Burban
et al. 2006). The discrepancy in the estimation of the timing of the epidemic might
be due to the different methods applied and the assumptions made. It is hard to
conclude which estimate is most likely because no serological data are available for
that time period.

Because of the relatively long time from infection to disease outcome, Markov
and other mathematical models (including forward projection models) have been
developed to predict the future epidemic and burden of disease and to evaluate the
effect of interventions. Based on these models it has been estimated that, for vari-
ous medium- to high-income countries, HCV-related morbidity and mortality will at
least double in the next two decades (Sypsa et al. 2005; Deuffic-Burban et al. 2006),
and will exceed the number of deaths from HIV. The improvements of HCV therapy
are too recent and the identification of infected individuals for treatment is too low
to reverse the increase in mortality (Deuffic-Burban et al. 2007). Models have also
been helpful in planning and evaluating the effect of interventions aimed at prevent-
ing new HCV infections. They have suggested that because of the high reproductive
rate of HCV compared to HIV comprehensive harm reduction programs must com-
plement syringe exchange to successfully prevent HCV. The interventions should
also be sustained for many years to reduce HCV infections (Vickerman et al. 2007).

19.4 Conclusions

There are overlaps and differences in the (efficiency of) transmission routes of HBV
and HCV. Although blood–blood transmissibility is higher for HBV than HCV, the
higher rate of chronicity for HCV has resulted in a large number of chronic carriers
for both viruses. These chronic infections have an increased risk for serious liver
disease decades after initial infection and have therefore a significant impact on
public health. Presently, in high-income countries, more people die from HBV and
HCV than from HIV.

For HBV, effective public health intervention to prevent new infections is feasible
with a safe and effective vaccine. Universal childhood vaccination can eradicate
hepatitis B. However, this will not prevent serious liver disease and early death in
the coming decades for the 350 millions that are already chronically infected with
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HBV. In the absence of a vaccine against HCV, HCV prevention relies completely
on precautionary measures preventing its further spread.

For both HBV and HCV, molecular epidemiology and mathematical modeling
have greatly contributed in clarifying routes of transmission, and in predicting the
(impact of interventions on the) future burden of disease.

Besides development of public health interventions, future challenge exists
of unraveling the specific mechanisms of spontaneous viral clearance, super-/co-
infection, and viral resistance, and of gaining insight into determinants predicting
therapy success. Further efforts will focus on advances in therapy which now show
encouraging results for HCV in preclinical studies.

For both HBV and HCV, identification of asymptomatic chronically infected
individuals is extremely important. In affluent societies effective (expensive) treat-
ment is available for both, to improve individual long-term outcome. Additionally,
effective treatment will eliminate the reservoir for new infections. Development of
new drugs has to keep pace with inevitable development of viral resistance. Through
various donor organizations universal HBV vaccination is made available in most
low-income countries. Now, efforts should be made so that treatment is also avail-
able in developing countries where most of the burden of disease due to hepatitis B
and C occurs. Infected individuals can take precautionary measures to prevent fur-
ther spread (e.g., wound care, using condoms), and susceptible (household) contacts
of HBV-infected individuals should be vaccinated. As the majority of acute HBV
and HCV infections go unnoticed, educating the public about (differences in) the
often mixed-up hepatitis viruses and their nature is of great importance to enhance
awareness and facilitate early identification.
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