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Thalassemia patients have a high prevalence of hepati-

tis C virus (HCV) infections. Recent improvements in the 

survival of these patients are a result of more services for 

the control of iron overload, the provision of safe blood, 

and better control of complications. Today,  liver disease 

is the main cause of mortality in thalassemia patients 

throughout the world. Unfortunately, there are inade-

quate policy in most thalassemia centers for the control 

of HCV infections. Thalassemia patients with HCV infec-

tions pose a real dilemma in the management of this 

infection, and they must have access to adequate pro-

fessional counseling from health care workers, in addi-

tion, the health system should provide appropriate diag-

nostic and therapeutic options. Therefore, I considered 

it imperative to provide a book from A to Z for health 

professionals regarding the epidemiology, screening, 

diagnosis and treatment of HCV infection in this high 

risk group. My hope is for improvements in the control 

of HCV in thalassemia patients in the world, especially in 

the Mediterranean region.
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Virology

The virus was discovered and characterized by Choo et al. in 1989 (1) by using 

molecular biology techniques from a chimpanzee infected with the sera of 

a patient with chronic non-A, non-B hepatitis. Their data indicated that this 

clone was derived from the genome of the Non-A, Non-B Hepatitis (NANBH) 

agent and was similar with the agents belonging to the Togaviridae or Flavi-

viridae viral families (1). Therefore, significant advances in molecular biology 

have allowed the scientists to explore the details of the virus and to develop 

a wide variety of antigens and synthetic peptides that have been successfully 

deployed in immunoassays to detect Hepatitis C virus (HCV) infection.

Hepatitis C virus is an enveloped positive-sense single-stranded RNA vi-

rus and the only member of the genus Hepacivirus within the Flaviviridae 

family. The genome contains a single-stranded RNA, large open reading 

frame (ORF) with a size 9.4 kb in length and a highly conserved untrans-

lated region (UTR) at the 5’ and 3’ ends (2) (Figure 1.1).  The HCV genome 

encodes for a viral polyprotein of approximately 3010 amino acids, which 
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is cleaved after translation to yield 10 viral proteins (3). 

The 5’end of its genome consists of an untranslated region containing an 

internal ribosome entry site and three structural genes, the core region, C, 

which codes for the nucleocapsid, and the envelope regions, E1 and E2, which 

code for envelope glycoproteins. The 5’untranslated region and core gene are 

highly conserved among genotypes, but the envelope proteins are coded by 

the hypervariable region, which varies from isolate to isolate and may allow 

the virus to evade the immunological response of the host. Genotype-specif-

ic sequence differences exist in the 5’ UTR, while the secondary and tertiary 

structures are essentially preserved. The 5’ UTR is required for replication of 

the negative strand. A liver specific micro-RNA, miRNA-122, with binding sites 

in the 5’ UTR, has been shown to facilitate HCV replication (4). 

Figure 1.1   Hepatitis C genome

The 3’ end of the genome also includes an untranslated region and con-

tains the genes for six non-structural (NS) proteins NS2, NS3, NS4A, NS4B, 

NS5A, and NS5B. The NS2 protein is a cysteine protease that cleaves the 

NS2/3 junction and the NS3-4A serine proteases cleave all the downstream 

proteins from the glycoprotein. Important NS proteins involved in viral 

replication include the NS3 helicase, NS3-NS4A serine protease, and the 

NS5B RNA-dependent RNA polymerase. The structural proteins are cleaved 

from the polyprotein by the viral proteases NS2 and NS3. There is evidence 

for long-range RNA/RNA interactions between the 5’ and 3’ UTRs, as well as 

between the 5’ UTR and RNA sequences at the C-terminal of NS5B. These 

interactions play an essential role in the replication process. Replication 

of HCV does not need the DNA intermediate and it does not integrate into 

the host genome. Particles of HCV circulate in a relatively low titer, but 
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their replication has a very high daily rate, with a half-life of 2.7 hours.

There are at least six genotypes of HCV, and more than 50 subtypes with-

in these genotypes, as well as diverse populations of quasispecies within 

each infected individual, that have been identified by nucleotide sequenc-

ing (5). The source of this variation, like that of other RNA viruses, is the 

high mutation rate of its error prone RNA polymerase during the HCV 

replicative process. Shortly after its discovery in 1989, it became clear that 

HCV had a substantial nucleotide sequence diversity, with only 66–80% 

overall sequence similarity among strains belonging to different geno-

types or subtypes (6). The HCV isolates show four levels of genomic varia-

tions: types, subtypes, isolates, and quasispecies. The overall sequence 

similarities over complete genomic sequences are of at least 91% within 

quasispecies, approximately 79% (77–80%) between subtypes, and about 

68% (66–69%) between different types. This quasispecies is composed of a 

group of heterogeneous RNA sequences centered on a dominant nucleo-

tide sequence that changes, throughout the course of the infection, under 

the selective pressure of the host immune system. More than one geno-

type can be found in the circulation of some HCV-infected patients, partic-

ularly in individuals who have received multiple transfusions and intrave-

nous drug users. These are referred to as mixed-genotype infections (7-10).

The HCV genotype has been shown to present unique patterns of geo-

graphical distribution and to be a major research instrument in HCV epi-

demiological studies. In recent years however, a shift in the prevalence of 

predominant HCV genotypes has been observed in a number of European 

countries (11-16), in correlation with variations in the modes of HCV acqui-

sition. Different HCV isolates worldwide show substantial nucleotide se-

quence variability throughout the viral genome.  The polymerase chain 

reaction (PCR) analysis with type-specific primers for identification of the 

HVC genomic typing enables the separation into six major genotypes (1 to 

6) and a series of subtypes (e.g. a, b, c) (17-20). These viral types and subtypes 

differ in their geographical distribution and antigenicity. Types 1, 2 and 3 

are distributed almost worldwide (21-27). Types 4, 5 and 6 have been found 

in distinct geographical areas (17, 25, 26, 28). Interestingly, not only do the 

HCV genotypes seem to differ in nucleotide sequence and geographical dis-

tribution, but there is also evidence of biological differences between the 

three HCV genotypes. Patients with HCV subtype 1b have a poorer response 
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to interferon-alpha treatment. The transmission route may also affect the 

distribution of HCV genotypes.

Conclusion remarks

• The HCV particles circulate in a relatively low titer but their rep-
lication has a very high daily rate, with a half-life of 2.7 hours. The 
HCV genome encodes for a viral polyprotein of approximately 3010 
amino acids, which is cleaved after translation to yield 10 viral pro-
teins;

• The replication of HCV does not need the DNA intermediate and 
it does not integrate into the host genome;

• There are at least six genotypes of HCV, and more than 50 sub-
types within these genotypes, with different geographical distribu-
tion.
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Introduction

Hepatitis C virus (HCV) has been discovered in 1989 and it is a major 

cause of liver related morbidity and mortality worldwide, representing a 

major public health concern, especially during the recent years (1, 2). The 

average prevalence of HCV infection throughout the world is of 2–3% or 

170–200 million persons (3-7). These estimates are often based on volun-

teer blood donor prevalence rates and may therefore underestimate the 

true prevalence. Also, the surveys in general populations may have failed 

to include some high risk groups. Nonetheless, these estimates provide 

some idea of the worldwide pattern of infection. Overall and age-specific 

prevalence varies considerably from country to country. The antibody 

prevalence is low (0.01–0.1%) in the United Kingdom and Scandinavia, 

slightly higher (0.2–1.8%) in the Unites States, Western Europe, Australia, 

and parts of South America and Africa, and intermediate (1–5%) in Eastern 

Europe, the Mediterranean, Middle East, Indian subcontinent, Brazil, and 
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parts of Africa and Asia (8). The highest prevalence is in northern Africa, 6% 

in Zaire (8), 7.9% in Libya (9), and 17–26% in Egypt (8, 10, 11). The prevalence is 

also high in some areas of Saudi Arabia (12). 

The HCV infection is highly prevalent among thalassemia patients, espe-

cially in developing countries, and the rate of  infection varies markedly 

from country to country (13). Thalassemia is one of the most common ge-

netic disorders. It is estimated that 300.000 infants with major hemoglo-

binopathies are born worldwide each year, of whom 60.000–70.000 are 

beta thalassemia (β-thalassemia) major cases, especially in the Mediter-

ranean area, Middle East, Far East, and East Asia (14-16). Although thalas-

semia mostly affects developing countries, there is limited knowledge 

of its accurate frequency and distribution in these regions. Knowing the 

prevalence of thalassemia and characterizing the clinical features and 

demography of patients will enable us to properly measure the burden 

of disease. Thalassemia is characterized by decreased or absent globin 

chains production. The resultant anemia is caused by the destruction of 

the erythroblasts in the bone marrow, peripheral hemolysis of the eryth-

rocytes and ineffective erythropoiesis. The life-long need for blood trans-

fusions to maintain a hemoglobin level of at least 9.5 g/dl renders these 

patients vulnerable to transfusion transmitted viral infections, especially 

HCV (13). Over the last 20 years, management for thalassemia major has 

improved to the point where we predict that the patients’ life expectancy 

will approach that of the normal individuals. These outcomes are the re-

sult of safer blood transfusions, the availability of three iron chelators, 

and new imaging techniques that allow specific organ assessment of the 

degree of iron overload (17). Although regular blood transfusions improve 

the overall survival of patients with β-thalassemia, they carry a definite 

risk of infection with blood-borne viruses (18).

Epidemiology

The HCV infection represents a major, worldwide health issue (19). It is 

estimated that over 170–200 million people are infected and the virus is 

distributed worldwide with prevalence varying widely between different 

regions from 0.2–40% (20, 21). While rigorous donor screening, testing pro-
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cedures and suitable donor selection programs have dramatically reduced 

the transmission of HCV via transfusion of blood products, there are still 

many countries in which standards of blood product management do not 

adequately ensure the protection of chronically-transfused patients, espe-

cially thalassemia patients, from this complication (2, 22, 23). 

The prognosis and survival of patients with thalassemia major has dra-

matically improved in the last two decades due to regular blood transfu-

sions and chelation therapies (24-26) and the main factors that correlated 

with an increase in the hazard ratio for death were represented by cirrho-

sis, arrhythmia, previous episode of heart failure, diabetes, hypogonad-

ism, and hypothyroidism (27).

The HCV infection is a widespread disease affecting a large number of 

thalassemia patients worldwide and is considered a major public health 

problem in this high risk group. While rigorous donor screening, testing 

procedures and suitable donor selection programs have dramatically re-

duced transmission of HCV via transfusion of blood products, pitfalls in 

the management of blood products in many countries account for the 

increased rate of HCV infection (2, 13, 23, 28).  The prevalence rate in poly-

transfused thalassemic patients in different settings increases to up to 

60% globally (22, 29-37), but there are tremendous discrepancies between 

epidemiological studies.

Middle East and EMRO countries status

There is heterogeneity regarding the prevalence of HCV infection in East-

ern Mediterranean region. For example, the HCV infection rate ranges 

from 2–32% in Iran and from 33–93% in Saudi Arabia. Most of these studies 

also have the drawback of inadequate sample size. In some countries such 

as Egypt and Jordan, the publication date of available data backs to one or 

two decades ago and updated data are unavailable.

In a meta-analysis in the Mediterranean and Middle East area on seroep-

idemiology of HCV infection in thalassemia patients in the EMRO coun-

tries, there were 45 relevant published articles that evaluated anti-HCV 

antibody serostatus in thalassemia patients from EMRO countries (Table 

2.1). Unfortunately, no data were available from the following countries: 
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Djibouti, Morocco, Somalia, Sudan, Syria, Emirate, Oman, Qatar, Yemen, 

West Bank and Afghanistan. There were 21 studies involving 5229 sub-

jects from Iran, eight studies including 1371 subjects from Pakistan, three 

and two studies with 138 and 42 subjects from Saudi Arabia and Egypt, 

respectively. Only one study was identified from Bahrain, Iraq, Kuwait, 

Jordan, Lebanon and Libya (Table 2.1). Mean age of subjects ranged from 

9.7–22.4 years of age. Gender distribution ranged from 43–61% male (13). 

The pooled HCV infection rate was 45% in Pakistan, 63% in Saudi Arabia, 

18% in Iran and 69%in Egypt (13). The infection rate among thalassemia 

patients in countries where only one report was available ranged from 

11–14% in Libya and Lebanon to 65% in Iraq (Figure 2.1). 

The thalassemia patients, which represent a high risk group for HCV infec-

tion, act as a reservoir of this infection and are one of the main obstacles 

for HCV infection control in the community.  The heterogeneous pattern 

of the geographical distribution of HCV infection in thalassemia patients 

indicates that the safety of blood before blood screening varies in different 

countries and may be related to the different infection prevalencies and to 

risk factors in blood donors and the general population (22).  First transfu-

sion before or after introduction of blood donors screening for anti-HCV an-

The figure is extracted from the article by Alavian SM et al (13) with permission

Figure 2.1   Geographical distribution of pooled or individual epidemiology of HCV infection 
among thalassemia patients in EMRO
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tibody was the major determinant of HCV infection in the region. In Kuwait 

and Jordan, all thalassemia patients transfused were at risk of HCV infec-

tion before blood donors screening (1992 in Kuwait and 1995 in Jordan) (38, 

39). In Iran, blood donors screening for HCV infection started in 1996. The 

pooled odds ratio (OR) of HCV infection rate for patients who were trans-

fused before that date was OR: 7.6 (95% CI, 4.7–12.3). This implies an increase 

in blood safety and more health precautions attention in Iran (22, 35, 40), 

but data from other EMRO countries are inadequate and inconclusive.

In conclusion, transfusion transmitted diseases are major challenges for 

the health of patients with hematologic disorders who need to receive reg-

ular blood products. Improvement in screening of blood products during 

1990s has dramatically decreased the risk of transmission of blood borne 

diseases via transfusion; however, recent studies have demonstrated that 

the  prevalence of blood borne infections like hepatitis B and C still repre-

sent a problem (41-43). 

Transmission of HCV  

Hepatitis C virus is the second most common cause of chronic hepatitis 

worldwide and the most common cause of chronic liver disease in areas of 

the world where hepatitis B virus (HBV) is not endemic. The HCV is trans-

mitted from person to person via blood transfusion, intravenous drug 

use, and other parenteral exposures. Prior to the development of a screen-

ing test for HCV in the early 1990s, the risk of developing non-A-non-B hep-

atitis from a blood transfusion was 5–10%. Since the development of the 

anti-HCV assay and the universal screening of all donated blood, the risk 

of developing HCV following a blood transfusion has declined from about 

1:250.000 to 1:500.000. The most common mechanism by which HCV is 

currently transmitted is represented by the contaminated needles used 

by intravenous drug users, followed by a break in universal precautions 

in patients receiving medical care and from the use of reusable and non-

sterilized medical equipment in underdeveloped countries. In contrast, 

the risk of sexual and vertical transmission, although possible, is low, ex-

cept in individuals with high-risk sexual behaviors and multiple partners 

and in the setting of HCV-HIV co-infection.  



25

Seyed Moayed Alavian

Acute HCV infection is parenterally-acquired and may occur after trans-

fusion of unscreened blood or blood products in thalassemia, as a residu-

al risk. Spontaneous clearance of acute HCV occurs with a high rate within 

the first 12 weeks of infection and depends on the age the person who ac-

quires the infection (44, 45). The younger the age of infection, the higher 

is the spontaneous clearance rate of HCV (Unpublished data from the au-

thor: about 50% of spontaneous seroconversion of acute HCV in children). 

The spontaneous clearance rate of HCV in North American thalassemia 

patients is 33% (46). Because infection with HCV results in chronic infec-

tion in a large proportion of infected individuals, it has been suggested 

that early treatment of acute HCV may limit the development of chronic 

hepatitis (28).  

I would like to sensitize my colleagues about the probability of transmis-

sion of HCV infection from patient to patient in thalassemia centers and 

that the eradication of the virus can prevent nosocomial transmission (13, 

35, 47).

Conclusion remarks

• Up to 60% of adult thalassemia patients are infected with HCV 
infection in the world.

• There is a strong gap in current knowledge about blood safety in 
Eastern Mediterranean countries. The data were available from 50% 
of the countries in this region and most of these data had limita-
tions concerning the low sample size and were outdated. The lack 
of knowledge about blood safety and current serostatus of HCV in-
fection, as the most prevalent transfusion transmitted disease in 
thalassemia patients, is a major threat to the public health in these 
countries. 

• The heterogeneous pattern of the geographical distribution of 
HCV infection in thalassemia patients throughout the country in-
dicates that the safety of blood before blood screening differed be-
tween provinces and may be related to different prevalence of HCV 
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infection and risk factors in blood donors and general population. 

• Acute HCV infection should be treated as soon as possible in 
adult thalassemia patients.

• The integration of a surveillance system for periodic checking 
the HCV infection in all thalassemia patients and reporting the new 
cases to the ministry of health for follow-up and finding the origin 
of new infections are strongly recommended.

• Patient to patient transmission of HCV in thalassemia patients 
should be considered as an important route for horizontal infec-
tion and eradication of the virus can prevent this nosocomial trans-
mission.
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Introduction

The majority of HCV-infected patients are asymptomatic, and nowa-

days the infection is usually detected via screening programs. The 

natural history of chronic hepatitis C in cohort studies is difficult to 

define and it can be variable.  There are many biases which affect study 

results such as; those inherent in referral populations, difficulty in es-

tablishing the onset of the infection, and limited periods of follow-up 

(1). Unfortunately no prospective studies exist in which an entire popu-

lation of infected individuals had been identified at the time of infec-

tion and followed systematically over an adequate time period. Based 

on currently available data different courses of natural history emerge 

and they depend on; the population studied, duration of the infec-

tion in that particular population, how the disease was transmitted, 

and the relative prevalence of cofactors including gender, age at on-

set of infection, and alcohol consumption. Older age at HCV exposure, 
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male gender (2, 3), non-white race (4, 5), higher body mass index (6), 

and heavy alcohol intake (>40-50 gm/day) (2, 7-11), have been variously 

identified as factors associated with a more rapid disease progression 

(12-15). Increased quasi-species diversity in HCV (16, 17), HBV, HIV coin-

fection (18-22)  and cigarette smoking are other factors which affect dis-

ease progression. 

Although the natural history of chronic HCV infection in patients with 

thalassemia is unclear, the morbidity and mortality of those patients is 

thought to be higher. Liver disease is more severe in HCV-infected patients 

and this may be compounded by hepatic siderosis (23, 24). The prevalence 

of liver cirrhosis in thalassemia patients with a HCV infection depends on 

the level of iron chelation in the population studied and it has been re-

ported to be present from 10% to 20% in several studies (25-27) (Figure 3.1).

Pr
ob

ab
il

it
y

Months

1.0

0.6

0.4

0.8

0.2

0.0

0 20 40 60 80 100 120

(3) (14) (12) (5) (7) (5)
(203) (164) (132) (77) (51) (34)

HCV neg- low/medium iron

HCV pos- low iron

HCV pos- medium iron

HCV neg- high iron

HCV pos- high iron

The figure is extracted from the article by Angelucci E et al (26) with permission

Figure 3.1.   HCV in thalassemia: the importance of iron overload on fibrosis progression

Iron overload and HCV infection are independent risk factors for liver fi-

brosis progression, and their concomitant presence results in a striking 

increase in risk (26). Male gender, higher alanine aminotransferase (ALT) 

levels, the existence of an HCV infection, and higher iron concentrations 

in the liver were significantly associated with severe fibrosis and cirrhosis 
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(25-28). Hepatitis virus C infection is the main risk factor for liver fibrosis 

in transfusion-dependent thalassemics. Adequate chelation therapy usu-

ally prevents the development of liver fibrosis in thalassemics who are 

free of a HVC-infection and it also reduces the risk of developing severe 

fibrosis in thalassemics with chronic hepatitis C.

Iron Overload

Transfusion therapy has greatly improved the survival of transfusion 

dependent thalassemia major (TM) patients; however, the resultant 

iron load damages tissues including the heart, liver and endocrine or-

gans. Among these, heart complications still remain the leading cause 

of mortality in thalassemia major patients who receive transfusion 

and chelation therapy (29) (Figure 3.2). 

Long  Duration  of 
infection and 
Monotherapy

Induction of 
IFN  

resistance by 
iron overload

Synergistic  
effect of Iron 
overload on 
liver fibrosis

Figure 3.2.   Why thalassemia patients with HCV infection are very special population?
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Close monitoring of individual organ iron concentrations and function-

ing are thus important for the optimization of individual patient care 

(30). The ability to determine the amount of iron in the liver and heart by 

magnetic resonance imaging allows the prescription of the most appro-

priate chelation regime for these patients and to reassess what the aims, 

with respect to total body iron, should be. Iron deposits in the liver in thal-

assemia patients due to chronic hemolytic anemia leads to; tissue dam-

age, collagen formation, portal fibrosis, and progression to liver cirrhosis 

(31, 32). Hepatocellular carcinoma (HCC) formation is often  observed fol-

lowing the formation of severe fibrosis and liver cirrhosis (33). In prospec-

tive studies the existence of a HCV infection was the main risk factor for 

acquiring HCC in thalassemia HCV-infected patients (34, 35).

Recent evidence from Europe has shown that by normalizing iron 

stores not only are new morbidities prevented, but also reversal of many 

complications such as; cardiac failure, hypothyroidism, hypogonadism, 

impaired glucose tolerance, and type 2 diabetes can occur, and it also 

improves survival rates and patients’ quality of life. All these advances 

in management require the absolute cooperation and understanding 

of parents, children, and ultimately, the patients themselves. Only with 

such cooperation can normal long-term survival be achieved, as adher-

ence to treatment is now likely to be the primary barrier to longevity. Un-

fortunately despite improvements in the life expectancy of thalassemia 

patients through the use of transfusion and chelation therapy, most of 

the children born with thalassemia major in developing countries do 

not have access to sufficient chelation therapies and they often die due 

to complications of iron overload  (29).

HIV and HCV Coinfection

Because HIV and HCV are transmitted in similar ways, it is expected that they 

will develop together. HIV and HCV infections are basic issues that health sys-

tems are faced with in many societies. However, the prevalence of HIV among 

HCV-infected patients varies according to the distribution of HCV risk factors, 

with the highest rates being seen in intravenous drug users (36). It is estimated 

that between 34–38.6 million people around the world are infected with HIV, 
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compared with 170–200 million by HCV, and 4–5 million people who are coin-

fected with HIV and HCV (37). Coinfection of HIV/HCV has a different natural 

history in comparison with mono-infected cases. HIV increases the progression 

of the HCV infection, it also increases HCV viral loads and the rate of progres-

sion to cirrhosis and hepatocellular carcinoma (38-40). Thalassemia patients 

have been found to be at higher risk of acquiring HIV-HCV confections and this 

problem was more prevalent in developing countries (41). Prevalence rates in 

countries with safer blood transfusion are close to zero and most of the infect-

ed patients resulted prior to screening (42, 43).

Hepatocellular Carcinoma

It has been recognized that the most important risk factor for HCC is cir-

rhosis  (44) and iron overload is also a known risk factor for this condition. 

It seems that the numbers of thalassemia patients who develop HCC will 

increase in the future and it will be one of the leading clinical problems 

in thalassemia. It is therefore, reasonable to recommend HCC screening 

of all thalassemia patients with one or more risk factor since this would 

facilitate early treatment, leading to improved outcomes (33). Preliminary 

data suggests an incidence of HCC in thalassemia of about 2%. However, 

since thalassemia is endemic in many underdeveloped countries where 

patients are probably not screened for HCC, it is possible that the present 

knowledge of this issue represents only the tip of the iceberg. Iron chela-

tion appears to play a protective role in the occurrence of HCC (45). There 

is currently a debate regarding the best treatment for HCC in thalassemia, 

and liver transplantation is considered a contraindication. Periodic liver 

ultrasound HCC screening should be considered for thalassemia patients 

with risk factors for HCC. Prevention of HCV infections through blood 

transfusion is nowadays, the only known evidence-based means to pre-

vent HCC in thalassemia.



36

Natural history

Concluding Remarks

• Iron depletion with iron chelators can stabilize or improve liver 
fibrosis and histological necroinflammation.

• Male gender, higher ALT levels, existence of a HCV infection, and 
higher iron concentrations in the liver are significantly associated 
with severe fibrosis and cirrhosis.

• HIV increases the progression of the HCV infection, increases HCV 
viral loads and the rate of progression to cirrhosis and hepatocellular 
carcinoma.

• Thalassemia patients with a HCV infection and liver cirrhosis 
should be put on surveillance for HCC with periodic liver ultra-
sounds every six months and alpha-fetoprotein level detection.
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Serological assays

The first step in the diagnosis of HCV infection is the enzyme-linked im-

munosorbent assay (ELISA) for anti-HCV antibody, detecting past exposure 

or ongoing infection. Three generations of the ELISA have been developed; 

the ELISA-3 has a more than 99% sensitivity and specificity. The window for 

serologic conversion after initial exposure varies within a range of 20–150 

days, with a mean of approximately 50 days. False-positive tests are most 

often seen in low-risk populations, such as blood donors. False-negative 

tests are most often seen in immunocompromised patients, as is the case 

of HIV positive subjects or on chemotherapy, also including dialysis pa-

tients and transplant recipients. For differentiation between past expo-

sures from ongoing infection, evaluation of HCV RNA by polymerase chain 

reaction (PCR) is necessary (1-4). In ELISA-3 analyses, a recombinant NS5 an-

tigen has been added to the four antigens used in the second-generation 

assays. These third-generation assays have a higher sensitivity and speci-
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ficity than second-generation assays and suffer a less important influence 

from the infecting genotype.

The PCR

The second main step in the diagnosis of chronic HCV infection is the detec-

tion of HCV RNA in serum. Virus is generally detectable 7–21 days following 

exposure. There are three main assays available. Detection of HCV RNA by us-

ing amplification techniques such as PCR or transcription-mediated ampli-

fication (TMA) confirms the presence of ongoing infection with active HCV 

replication. The sensitivity of PCR for HCV RNA detection may vary according 

to the choice of primers and the handling of pre-extraction samples. Two dif-

ferent methods have been commonly used for the quantitation of HCV RNA 

and have become commercially available. The first was developed by Roche 

Diagnostics Systems (Branchburg, NJ, USA) and is based on a competitive PCR 

assay for HCV RNA quantitation (Roche Monitor assay). Quantitative HCV RNA 

by PCR is less sensible, but still able to detect as few as 100 copies/mL and is 

able to provide an absolute viral titer. It is currently reported as both copies/

mL and as international units/mL (IU/mL). 

The second method is based on the co-amplification of synthetically mu-

tated target RNA (branched DNA [bDNA] assay [Quantiplex, Chiron Corp., 

Emeryville, CA, US]). The quantitative results of HCV RNA detected by both 

methods are reliable and reproducible. The bDNA technique is the least 

sensitive. After a World Health Organization (WHO) consensus meeting, a 

standardized international unit (IU) was established. The WHO concluded 

that 800.000 IU/mL was the clinically relevant threshold, whereas great-

er than 800.000 IU/mL was considered a high viral titer while less than 

800.000 IU/mL was considered a low viral titer. The distinction is clinically 

relevant in regard to the likelihood of treatment response.

Genotyping 

Hepatitis C virus is a single-stranded RNA virus, and is classified into at 

least six genotypes, each comprising of multiple subtypes, which have 

been distributed worldwide (5, 6). The HCV subtypes 1a and 1b are the most 

common genotypes in the US and these subtypes also are predominant in 
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Europe. The HCV genotype 3a is particularly prevalent in intravenous drug 

abusers in Europe and the US. The HCV genotype 4 appears to be prevalent in 

North Africa and the Middle East, and genotypes 5 and 6 seem to be confined 

to South Africa and Hong Kong, respectively (7-10).

Although the genotype of infecting virus is one of the primary predictors 

of response to antiviral therapy, its distribution in polytransfused thalasse-

mic patients is still unclear throughout the world (7). In a study on thalas-

semia patients in Tehran-Iran, HCV genotype 1a was the most frequent (52%), 

followed by genotype 3a (34.5%) and genotype 1b (5 %) (11). Samimi-Rad K et 

al. had also determined that Iranian hemophilic patients have the same HCV 

genotype distribution as thalassemic patients (12). Our experience in thalas-

semia patients from the national data base (11) showed that HCV genotype 

distribution was the following: genotype 1 in 57%, 3 in 35%, 2 in 1%, and mixed 

in 4% . Genotype 1 was associated with a higher splenectomy rate and a greater 

serum ferritin. Genotype 1 is the most frequently detected HCV genotype in 

Iranian patients with thalassemia (11). Table 1 summarizes the HCV genotype 

distribution among thalassemic patients in different countries. It seems that 

in Lebanon, genotype 4 is predominant while in Greece, genotypes 1 and 3 

Author
Country 
of sample 
origin

HCV Genotypes

Geno-
type 1 
(%)

Geno-
type 2 
(%)

Geno-
type 3 
(%)

Geno-
type 4 
(%)

Geno-
type 6 
(%)

Mixed 
genotype 
(%)

Chakra-
varti, A 
(16) 

India 20 36 36

Alavian 
SM (11)

Iran 57 1 35 4

Khaja MN 
(17)

India 61 36

Ramia S 
(15)

Lebanon 36 5 21 37

Wong DA 
(13)

Hong Kong 50 50

Christofi-
dou M (22)

Greece 32 10 28 30

Sharara AI 
(23)

Lebanon 33 4 15 48

Table 4.4. Distribution of HCV genotypes among thalassemic patients in different countries
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have the same frequency. In Hong Kong, genotype 6 prevails in a noticeable 

fraction of patients (13-17). In reviews of reported prevalences of HCV geno-

types from different parts of the world, it seems that genotypes 1a and 1b are 

more common (14, 18-21). The determination of HCV genotypes is very useful 

in the prediction of response to anti-viral therapies and decision making with 

respect to the duration of therapy.

Liver tests 

The elevation of aminotransferase is not required for diagnosis. Up to 

30% of patients with chronic HCV have persistently normal alanine amino-

transferase (ALT). Patients with normal ALT are significantly younger and 

weigh less compared with those with elevated ALT, but there is no correla-

tion to gender, race, baseline viral titer or HCV genotype (24). The degree 

of serum ALT elevation does not correlate well with histological severity.

Liver Histology  

Liver biopsy has been the cornerstone and gold standard for the evalua-

tion of liver damage in HCV infected patients and the management of liver 

diseases (25). Evaluation of the liver specimen by pathologists can show us 

the current status of liver injury, grade the necrotic inflammatory damage 

and stage the degree of liver fibrosis while also diagnosing cirrhosis and 

the presence of steatosis (26-28). The most important assessments in liver 

biopsy are the determination of grade and stage of liver injury. Another 

main issue in liver biopsy in thalassemia is the measurement of liver iron 

concentration (LIC) by atomic absorption spectrometry (29). Hepatitis C 

virus infection is the main risk factor for liver fibrosis in thalassemia. Ade-

quate chelation therapy usually prevents the development of liver fibrosis 

in thalassemics free of HCV infection and reduces the risk of developing 

severe fibrosis in thalassemics with chronic hepatitis C (30). 

Non-invasive tests 

Liver biopsy is an invasive procedure and it is associated with pain, bleed-

ing and perforation of other organs in some situations (31, 32). In recent 
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years, transient elastography (TE) was introduced as an ultrasonography 

technique which uses low frequency elastic waves for estimation of liver 

tissue, by evaluating the velocity of the propagation of the waves in the 

liver, in order to assess the severity of liver fibrosis (33, 34). The accuracy 

of the liver stiffness score is excellent for the diagnosis of cirrhosis; it is 

probably the most accurate noninvasive method for the early detection 

of cirrhosis. It is a user-friendly technique that can be performed without 

any preparation in less than 5 minutes in clinic or at the bedside, with im-

mediate results and high patient acceptance. It is very likely that in future 

it will become the most widely used technique for the assessment of liver 

fibrosis (33, 35). This method is relatively new and there is  few published 

data available regarding it in the literature. Recently, some evidence dem-

onstrated that transient elastography can diagnose the existence of liver 

cirrhosis in thalassemia patients (36, 37).

Iron overload measurements

Patients with thalassemia major receive at least 0.4 mg/kg/day of heme 

iron, nearly 50 times the physiologic rate of iron absorption (29). Without 

aggressive iron chelation therapy, these patients die from endocrine and 

cardiac complications in their second decade of life (38). Chelation thera-

py is life-saving, but requires close monitoring of iron balance (39). Trends 

in serum ferritin are useful in tracking chelators responsiveness, are rela-

tively inexpensive and are widely available (40). Ferritin values, however, 

can be confounded by inflammatory state and may give wildly inaccurate 

estimates of total body iron in selected patients (41). Liver biopsy can es-

timate the iron overload, but in patients with severe fibrosis or cirrhosis, 

there is a variability in iron distribution  in the liver (42). Non-invasive 

methods for measuring liver iron overload such as magnetic resonance 

imaging (MRI) have been evaluated in thalassemia patients and fortunate-

ly there is a good relationship between the quantitation of liver iron con-

centration by biopsy and MRI signal amplitude using R2 or R2* mapping 

(43, 44).  Heart complication still remains the leading cause of mortality. 

Myocardial iron deposition can occur independently of other solid organ 

involvement; conversely, the heart may be spared despite heavy siderosis 

in other tissues (45). 
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Conclusion remarks

• Screening of thalassemia patients for HCV infection by using 
anti-HCV antibody is sensitive and specific.

• For confirming the active replication of HCV, we recommend to 
evaluate the quantitative serum HCV RNA.

• The HCV genotyping before the start of therapy is strongly rec-
ommended.

• Measurement of liver iron concentration using liver biopsy or 
MRI-R2 is recommended.

• A non-invasive method such as transient elastography is prefer-
able to liver biopsy for excluding existence of liver cirrhosis.
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Introduction 

Acute hepatitis C has become relatively rare in recent years, and this is 

mainly due to a reduction in post-transfusion cases. However, HCV alone 

is responsible for 90% of acute hepatitis in poly-transfused patients and 

60% to 80% of these cases develop chronic hepatitis, consequently these 

patients are at risk of acquiring cirrhosis and hepatocellular carcinoma 

(1, 2). In those patients who become acutely infected, the disease is of-

ten mild or completely asymptomatic, and it is rarely recognized out-

side prospective surveillance, after exposure to known risk factors, or 

in a surveillance system for the periodic checking of HCV infections in 

high risk groups, such as thalassemia patients (3). Several studies have 

reported on the efficacy of interferon therapy for acute HCV infections 

in adults. Using interferon α-2b monotherapy for 24 weeks, Jaeckel et al. 

showed a 98% sustained virological response in a cohort of 44 patients 

with an acute HCV infection (4). 

C
h

ap
te

r 
5



48

Treatment of HCV

The use of the newer pegylated interferons (PEG-IFN) in the treatment of 

adults with acute HCV has subsequently been described as producing equally 

excellent results (5). A single case report showed the successful treatment of 

acute hepatitis C with weight-based dosing of peginterferon α-2b in an eight 

year-old child with thalassemia major, after high viral loads had persisted for 

12 weeks following the diagnosis of an acute icteric HCV infection (6). 

The primary goal of therapy for chronic HCV infections is viral eradica-

tion. The efficacy of antiviral treatment of HCV is measured through the 

sustained virological response (SVR), which is operationally defined as the 

absence of HCV RNA for at least 24 weeks after the end of treatment (7, 

8). Reaching SVR not only prevents advancement towards cirrhosis, HCC 

and liver failure, but it may also improve patients’ quality of life (9, 10). 

Prolonged antiviral treatment with numerous complications and medical 

costs on the one hand and the multiplicity of factors affecting response to 

treatment on the other, warrant the identification of predictive variables 

for reaching SVR as a leading morbidity prevention factor in selected pop-

ulations (11). The treatment regimen for chronic hepatitis C has changed 

significantly over the past decades in the antiviral treatment of HCV infec-

tions and combination therapy of peginterferon-ribavirin has become the 

standard around the world (1, 12). 

Definitions of Treatment Response 

During combination treatment of chronic hepatitis C virus infection 

with anti-viral drugs, analysis of HCV RNA levels at specific time points has 

become a useful instrument for assessing treatment efficacy. The kinetics 

of HCV RNA during therapy is one of the most useful variables in predict-

ing response or non-response to therapy.

A virological response in chronic HCV is defined as a reduction of HCV 

RNA levels in the serum (at least 2 logs) and ideally by the absence of any 

detectable HCV RNA by a qualitative reverse transcriptase-polymerase 

chain reaction (PCR) assay with a sensitivity of approximately 100 cop-

ies (50 IU) per ml. Testing should be performed early during treatment 

(particularly at the decision-making point at 12 weeks), at the end of 

treatment and six months later (13). HCV RNA quantitation at treatment 
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week 12 is used as a time-point to decide whether to continue or to stop 

treatment in genotype 1 infections (14-16). Patients with a negative HCV 

RNA test at week 12 of the therapy period have a high probability of 

achieving SVR; on the other hand, no patients with a positive serum HCV 

RNA after 12 weeks achieved SVR (7, 17, 18). On the evidence of many clini-

cal trials and published guidelines (12, 19-22) the most effective duration 

of therapy in genotype 1 and 4 is 48 weeks and in genotype 2 or 3 it is 24 

weeks (Figure 5.1) (Figure 5.2).  

HCV-RNA

24124week

> 48 weeks of therapy

neg

pos <2
log drop

24 weeks of therapy

neg stop Tx

pos

pos

48 weeks of therapy

neg

pos >2
log drop

Figure 5.1.   Response guided therapy in patients with genotype 1

If an early viral response has not been reached after 12 weeks of therapy, 

meaning a lack of HCV RNA level decline of >2 log from baseline or a nega-

tive qualitative test (<50 IU/ml), treatment is generally stopped. These pa-

tients have only a small likelihood of achieving SVR after 48 weeks of treat-

ment.  Recently, a negative HCV RNA treatment response in week four, rapid 

viral response (RVR), has been used to decide whether a shorter-than-stan-

dard treatment course can be used or not, particularly in those patients 

with genotype 1 infections who have low baseline viral loads (<600 000 

IU/ml) (23). This also seems to be valid for patients infected with genotype 

2 or 3, for the latter in those with a low baseline viral load (<600 000 IU/

ml), for whom a rapid viral response indicates that a shorter-than-standard 
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treatment (12–16 weeks) can be used with reasonably preserved SVR (24-28). 

Sustained viral response rates are defined by the absence of detectable HCV 

RNA in the serum by a sensitive (qualitative) PCR assay six months after 

completion of treatment. Relapse can occur following an end-of-treatment 

response, which is indicated by a recurrence of detectable HCV RNA (and 

often ALT elevation) after discontinuing therapy. Non-response can be de-

fined as the continued presence of HCV RNA at the end of treatment, the 

reappearance of HCV RNA after  end virological response (EVR) (break-

through), or failure to achieve a 2-log reduction of viral load at 12 weeks. In 

a virological sense, it includes partial and absolute non-response, but the 

implications of these fine distinctions for prognosis and retreatment, are 

not yet clear (13).

Slow virological responders who had positive HCV RNA at 12 weeks of ther-

apy, but were negative at 24 weeks of therapy, and received the 72-week ther-

apy, had a significantly higher probability of achieving SVR than their coun-

terparts who received only the 48-week therapy [RR = 1.44 (95% CI, 1.20-1.73)]. 

This meta-analysis showed that the 72-week therapy with peginterferon and 

ribavirin is significantly superior to the standard 48-week therapy in slow re-

sponders with a HCV genotype 1 infection (29) (Figure 5.1).
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Figure 5.2.   Response guided therapy in patients with genotype 2/3
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The COBAS Amplicor Monitor with a lower detection limit of <600 IU/ml 

was earlier used frequently as a HCV RNA quantitative test, however, this 

has recently been substituted with the COBAS TaqMan test with a lower 

detection limit of <15 IU/ml (30). 

Counseling

There have been conflicting reports about the sexual transmission of 

HCV infections. The detection of anti-HCV positivity ranged from 0% to 

5% in monogamous partners of transfusion-associated hepatitis patients 

(31-33). A possible explanation is that sexual transmission occurs only in 

association with specific HCV genotypes or in the presence of specific 

mutations along the HCV genome.  The risk of HCV transmission in non-

sexual household members of thalassemia patients is possible, but it 

is very low (34, 35). We should not forget that there are some reports in 

household contacts of thalassemia patients with HCV, high prevalence 

of HCV infections for example from Pakistan and India (36, 37). It is clear 

that the high prevalence is related to higher contact with other risk fac-

tors in their communities, or it may be related to sharing shaving equip-

ment which is a common source of infection (38). 

Management of HCV infections in thalassemia patients needs a multidis-

ciplinary team involving a hematologist, hepatologist, cardiologist, psy-

chologist, and endocrinologist. Consultation with a psychiatrist for evalu-

ation of the existence of depression and management of it before therapy 

and an eye consultation for a retina examination before the start of anti-

viral drug therapy are necessary. Thalassemia patients have cardiomyopa-

thy and they should be carefully evaluated before the start of therapy and 

sometimes after therapy as well. Patients with severe, uncontrolled cardio-

myopathy should be excluded from anti-viral therapy.

General measures

According to our data, strict iron chelation to decrease serum and liver 

iron content before and during ribavirin therapy of thalassemia patients is 

strongly advised. The decision on the treatment and monitoring of thalas-

semia major patients should be carefully individualized according to any 
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other conditions that accompany patients’ underlying hemoglobinopathy. 

Moreover, by close observation and frequent transfusion, the rate of severe 

hemoglobin drop can be minimized, as maintaining hemoglobin levels 

above 8-9 g/dl is necessary. High iron content in the serum and liver with its 

probable role in conferring patients’ interferon resistance and its synergis-

tic effect on the progression of liver fibrosis is another major confounder in 

the treatment of thalassemia major patients. Increased hepatic iron deposi-

tion has been shown to correlate with the severity of hepatic inflammation 

and fibrosis in patients with chronic hepatitis C, and impair responses to 

IFN-based therapy (39, 40). Some studies have suggested that iron depletion 

is an adjuvant to antiviral therapy in chronic HCV infections and showed 

that iron removal and dietary iron restriction could improve the rate of re-

sponse to IFN (41, 42). Proper management of hepatic siderosis before the 

initiation of HCV therapy in thalassemia patients is therefore essential. 

Thalassemia major patients have high iron stores and the proper removal of 

iron with chelating drugs is not always successful, or it may not be properly 

implemented in all situations (43). Concerning chelation treatment, while 

deferiprone may increase the risk of neutropenia, no findings on the safety 

of deferasirox in association with combined antiviral treatment have so far 

been reported in the literature. Therefore, switching to deferoxamine treat-

ment during antiviral treatment for hepatitis C can be recommended (44).

Antiviral therapy

Treatment of HCV in thalassemia patients aims to eradicate the virus, 

facilitate improvements in liver damage, avoid fibrosis progression, de-

crease the risk of hepatocellular carcinoma, improve health-related qual-

ity of life and patients’ survival (43). Unfortunately, there is a deficit of 

data regarding the management of this special group and most clinical 

trials exclude this group from studies (45). Chronic hepatitis C (CHC) is 

a major cause of morbidity and mortality in thalassemia major patients, 

particularly in those who had received their first transfusion before the 

introduction of the HCV donor screening program. Interferon alpha is the 

backbone of treatment for chronic HCV, it is a glycoprotein that has direct 

antiviral mechanisms and it also has processes for the enhancement of 

immune responses to the virus.
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IFN Monotherapy 

Monotherapy with interferon at three million units, three times a week 

for 48 weeks produces low sustained virological response rates of less 

than 20% (46-50). In reported studies using alpha interferon monothera-

py with three million units, three times per week, for a duration of 24-48 

weeks (regime used in most studies) in thalassemia the response rate dif-

fers from 20% to 50%, which depends on the genotype and other variables 

(51-60). The presence of cirrhosis, high iron concentrations in the liver tis-

sue and genotype 1b are the main clinical and virological characteristics 

which predict a poor response to therapy (7, 17, 18).

Pegylated interferons have a covalently attached polyethylene glycol moi-

ety that results in more sustained absorption and reduced clearance. This 

has allowed a once weekly dose, compared with the three times weekly dose 

required for standard interferon. The safety profile is similar to standard in-

terferon. There is little data regarding the use of pegylated interferon alone in 

thalassemia patients infected with HCV infection in the literature. 

The first report was done by Mirmomen et al. in Iran as a multicenter 

study using Pegasys 180 microgram once per week for one year. In total, 

32 subjects, 18 to 42 years-of-age received the therapy and the SVR was 

60.8% (61). This very high response rate was remarkable in the thalassemia 

patients and therefore the question is. Why was the SVR rate in Iranian 

thalassemia patients higher than expected? After six years we found that 

Iranian HCV infected patients had a favorable IL-28 B polymorphism that 

increased the SVR in the study population (61-64).

Inati et al. (65) administered 180 microgram of Pegasys weekly, for 

12 months, in 12 thalassemia HCV-infected patients, and 33% (4 out 12) 

achieved SVR. The patients tolerated the drug very well and being younger 

than 18 years was an important variable in the prediction of SVR (65). Ka-

mal et al. (66) reported a 46% SVR by using Pegasys 180 microgram weekly, 

for 12 months, in 39 thalassemia HCV infected patients in 2006. Kountou-

ras et al. (67) reported a SVR of 13% by using pegylated alpha interferon 

2b (PegIntron), 1.5 microgram/kilogram/week, for 48 weeks in thalassemia 

HCV infected patients (67). The study group had a 24% dropout rate and in 

19% of patients the rate of transfusion was increased. 
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Combination with Ribavirin 

The treatment of chronic HCV infection has improved significantly over 

the past several years with combination PEG IFN and ribavirin therapy. SVR 

is achievable in nearly half of the patients with genotype 1 and about 80% of 

those with genotypes 2 and 3 (14, 68, 69). In view of the high cost and the sig-

nificant side effects of this combination therapy, it is important to identify 

patients who are most likely to benefit from it before starting treatment (70). 

SVR in the real world is different from clinical trials reports and we should 

judge each case separately. Although combination therapy of pegylated inter-

feron and ribavirin significantly increases SVR and increases the probability 

of reaching SVR by 50% (71), the degree of response depends on a variety of fac-

tors and these may differ in diverse patient populations (71). Viral genotype, 

viral load, patient age, BMI, race, environment and several other factors have 

been shown to correlate with SVR (7, 72, 73). 

In patients without hemoglobinopathies, current guidelines strongly recom-

mend a combination therapy of ribavirin, and either peginterferon alfa-2a or 

2b. This combination therapy can yield a SVR rate of more than 50% in genotype 

1 and a 70-80% SVR in genotype 2 and 3 infected patients (6-10). In contrast, in pa-

tients without inherent hemoglobinopathy, ribavirin which is one of the major 

determinants of SVR can induce life-threatening anemia in thalassemia major 

patients, and thus, it is generally considered contraindicated in these patients 

(11, 12). Currently, IFN without ribavirin is widely approved as a first-line therapy 

for chronic HCV infection in transfusion-dependent thalassemia patients. The 

introduction of combination therapy with interferon alpha, injected subcuta-

neously three times per week, and daily oral ribavirin is a major advance (74), 

but the main problem with thalassemia is the exacerbation of anemia after the 

use of ribavirin. We thus have a double edged sword, if we use interferon as a 

monotherapy we will have a low response rate, and if we use ribavirin we will 

have more requests for blood transfusions.

As mentioned above, the main limitations in the treatment of HCV infec-

tions in thalassemia patients relate to ribavirin use. Consensus statements 

have listed anemia as an absolute contraindication to ribavirin in hepatitis 

C, because of the tendency of ribavirin and its metabolites to accumulate 

within the erythrocytes, leading to oxidative damage of red blood cell mem-
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branes and hemolysis (75). Because of potential hematologic adverse events 

ribavirin is, however, reserved for IFN non-responders or for use in experi-

mental situations (45).  In fact, ribavirin can increase SVR in thalassemia 

patients with a HCV infection and it can be well tolerated, but due to the in-

duction of hemolysis the need for blood transfusions increases 30-60%, and 

it also leads to an increase in iron overload.  More recently, trials comparing 

peginterferon monotherapy and the combination of peginterferon and rib-

avirin have shown a considerable increase in SVR rates in the dual therapy 

arm, albeit at the cost of a modest increase in transfusion requirements. In 

fact, SVR rates in these relatively small trials were comparable to treatment 

in experienced patients without thalassemia or hepatic iron overload (43, 

65, 76-83). 

In the largest study in the world, conducted in Iran on 280 thalassemia pa-

tients (76), Tabatabaei et al. compared the monotherapy group (pegylated 

interferon alpha 2-a 180 microgram/weekly) with a combination group (pe-

gylated interferon alpha 2-a 180 micrograms plus ribavirin). Baseline char-

acteristics of the studied patients are in (table 5.1). As presented in Table 1 

most of the major predictors of virological response including HCV RNA lev-

el, sex, weight, BMI, HCV type, age and liver histological findings, appeared 

to be similar in both groups.

Patients Characteristics Group (A) Group (B) P

No. of patients 199 81

Sex

Male/Female M (%) 123/76 (62%) 42/39 (60%) 0.1

Mean Age 24±5.5 25±7.2 0.3

range 11-43 12-54

BMI 20.4±0.2 20.2±0.2

range 14-28 15-25

ALT (U/L) 91±56 79±60 0.06

Range 
Normal (<40 U/L), n (%)
Elevated, n (%)

12-994
35 (18%)
164 (82%)

15-338
24 (30%)
57 (70%)

0.02

AST (U/L) 77±61 64±41 0.08

Range 17-638 13-206

Normal (<40 U/L), n (%) 43 (22%) 29 (36%) 0.01

Elevated, n (%) 156 (78%) 62 (64%)

Table 5.1. Baseline Characteristics of Studied Patients
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Hb 10±1.5 9.5±1.3 0.4

HCV viral load (IU/mL) 800000±11000 799000±88000

range 2000-8000000 7540-4090000

Log10 Serum HCV Viral Load (IU/mL) 5.5±0.7 5.5±0.6 0.5

>6 (copy/ml), n (%) 85 (43%) 31 (38%)

Serum ferritin (ng/mL) 2130±1777 1710±1498 0.06

range 210-8132 300-6650

History of Splenectomy

Yes/No Y (%) 135/64 (68%) 49/32 (60%) 0.2

HCV Type

Genotype 1, n (%)
Genotype 2, n (%)
Genotype 3, n (%)
Mixed infection, n (%)
Untypable, n (%)

119 (60%)
1 (0.5%)
65 (33%)
10 (5%)
4 (2%)

41 (51%)
2 (2.5%)
33 (41%)
2 (2.5%)
3 (4%)

0.1

Stage of liver fibrosis 3.2±1.6 3.3±1.4 0.5

0-2, n (%)
3-4, n (%)
5-6, n (%)

50 (31%)
69 (43%)
41 (26%)

16 (20%)
37 (53%)
17 (24%)

0.3

Grade of liver inflammation 6.3±0.2 6.3±0.4 0.9

0-6, n (%)
7-12, n (%)
13-18, n (%)

92 (59%)
58 (37%)
7 (4.5%)

43 (63%)
23 (34%)
2 (3%)

0.7

Stage of Liver Sidrosis 3±1 2.9±1

0-2
3-4

37 (19%)
118 (59%)

16 (20%)
34 (42%)

0.2

Previous treatment 136 (68%) 38 (47%) 0.001

Naïve 
Standard IFN
Standard IFN+RVB

61 (31%)
62 (31%)
74 (37%)

43 (53%)
24 (30%)
14 (17%)

0.0006
0.8
0.001

*Plus–minus values indicate means ±SD. except for liver enzymes and serum ferritin there were no significant 
differences among the two treatment groups with regard to baseline characteristics. ALT denotes alanine ami-
notransferase, AST aspartat aminotransferase , Hb hemoglobin and HCV hepatitis C virus.
*Hepatitis C virus level was determined with the use of the amplicor assay version II (Roche), for which the 
lower limit of quantitation is 50 IU per milliliter.
*Percutaneous liver-biopsy specimens obtained before treatment were evaluated according to modified 
knodell score scaling system. The modified knodell scoring system classifies fibrosis according to a 6-point 
scale: 0, no fibrosis; 1, Fibrous expansion of some portal areas; 2, Fibrous expansion of most portal areas; 3, Fi-
brous expansion of most portal areas with occasional portal to portal bridging; 4, Fibrous expansion of portal 
areas with marked bridging of portal to portal as well as portal to central; 5, Marked bridging with occasional 
nodules; 6, Cirrhosis.
Ref: Tabatabaei SV, Alavian SM, Keshvari M, Behnava B, Miri SM, Karimi Elizee P, et al. Low dose ribavirin for treat-
ment of hepatitis C virus infected thalassemia major patients; new indications for combination therapy. Hepat Mon. 
2012;12(6):372-81 with permission



57

Seyed Moayed Alavian

Our primary efficacy analysis showed that the SVR rate was significantly 

higher in group (A) patients who received the combination therapy with 

low dose ribavirin in comparison with patients of group (B) who received 

monotherapy. Furthermore, multiple logistic-regression analysis with ad-

justment for baseline characteristics revealed that low dose ribavirin was 

an even stronger independent predictor of a SVR than had been shown in 

our primary analysis. Sustained virological response (SVR) was significantly 

higher in patients who received ribavirin (51% vs. 38% P = 0.02). In a multi-

variate regression, an OR of ribavirin for the prediction of SVR was 2.2 (95% 

CI 1.24-3.91). The SVR was significantly higher in the ribavirin group in sub-

groups of patients older than 24 years-of-age, elevated ALT, ferritin < 2006 

ng/mL, previous treatment failure, genotype 1, positive history of splenec-

tomy, fibrosis score of 0-4 HAI and viral load < 600 000 IU/mL. Treatment 

discontinuation due to safety concerns were comparable between the 

treatment groups (6.5% and 8%). Furthermore, transfusion intervals were al-

most halved in patients who received low dose ribavirin. These findings are 

consistent with the results of previous studies (7, 84, 85). Although in non-

thalassemia patients, higher liver and serum iron content have been shown 

to undermine the virological response to anti-HCV therapy, no study except 

for one case report, has reported this phenomenon among thalassemia pa-

tients (45, 84-88). Serum ferritin and a liver pearl score did not reach signifi-

cance level for predicting SVR among the total studied population in the 

present investigation. Nonetheless, our subgroup analysis showed that pa-

tients with serum ferritin levels below 2006 ng/mL responded to ribavirin 

significantly more positively than those with a lower level of serum ferritin. 

Relapse rates were 23% for combination therapy and 35% for monotherapy 

(P=0.01). In a multivariate binary logistic regression we found that; being 

female, age below 24 years, and non-1 genotype, were independently associ-

ated with SVR, conversely; age over 24, genotype-1 and not receiving ribavi-

rin, were significant predictors of relapse. 

Other factors related to treatment such as; the necessity of peginterfer-

on dose reduction, discontinuation of treatment, and compliance with 

therapy, were similar in both treatment arms. More patients discontinued 

their treatments owing to an insufficient therapeutic response in group 

(A), rather than group (B). The higher rate of previous treatment failure in 
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group (A), even with ribavirin, could be a possible reason for this finding. 

The safety profile was similar among these two groups; treatment discon-

tinuations due to adverse events were observed in 6.5% to 8.6% of patients, 

respectively. However, the transfusion interval was almost halved in the 

patients who had received ribavirin (Table 5.2). 

This large prospective study showed that low dose ribavirin in chronical-

ly HCV infected thalassemia patients is safe, tolerable and effective. Accord-

Adverse events Group (A) Group (B)

N Percent N Percent

Death 3 1.5% 5 6%

Non-response 21 10% 5 6%

Dose Reduction 39 19% 15 18%

Neutropenia 
Thrombocytopenia

33
6

16%
3%

11
4

13%
5%

Headache 46 23% 20 25%

Lethargy 41 21% 11 12%

Dizziness 23 12% 8 10%

Insomnia 34 17% 12 15%

Irritability 67 34% 23 28%

Depression 15 7% 10 12%

Fatigue 60 30% 19 23%

Weight loss 12 6% 3 3.7%

Flue like syndrome 11 5% 5 6%

Myalgia 65 33% 26 32%

Arthralgia 59 30% 23 28%

Nausea 11 5% 4 5%

Diarrhea 13 6% 4 5%

Cough 19 9% 9 11%

Alopecia 85 43% 33 41%

Dry skin 26 13% 21 26%

Pruritis 19 9% 3 4%

Rash 5 2% 3 4%

Chills 23 12% 13 16%

Fever 48 24% 23 28%

Table 5.2. Adverse Events in The Study Patients 

Ref: Tabatabaei SV, Alavian SM, Keshvari M, Behnava B, Miri SM, Karimi Elizee P, et al. Low dose ribavirin 
for treatment of hepatitis C virus infected thalassemia major patients; new indications for combination 
therapy. Hepat Mon. 2012;12(6):372-81 with permission
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ing to the present study, adult thalassemia patients with HCV infections 

can be treated successfully with low dose ribavirin. Hence, we strongly 

advise combination therapy in thalassemia patients with the aforemen-

tioned clinical characteristics. On the other hand, ribavirin does not seem 

to be beneficial in thalassemia patients below 18 years-of-age (76).

The major impact of low dose ribavirin was found in thalassemia major 

patients who were; older than 24 years, had low serum ferritin (<2006 ng/

mL), previous treatment failure, elevated ALT, liver fibrosis of 0-4 HAI, his-

tory of splenectomy, viral load ≤ 600 000 IU/mL, and HCV genotype 1.

In a meta-analysis of the literature concerning the treatment of chronic 

hepatitis C in polytransfused thalassemic patients, we have demonstrated 

that thalassemic patients with a genotype 1 infection benefited signifi-

cantly from the addition of ribavirin to their therapeutic regimen (8). 

Table 1 shows the summery of the literature on the treatment of HCV in 

thalassemia is presented in Table 2.

This meta-analysis (Table 5.3 - 5.4) showed that thalassemia patients with 

a genotype 1 infection  improved notably with the addition of ribavirin to 

their therapeutic regimen with a doubling of SVR rates, from 30% to 61%, 

similar to non-thalassemia patients (45) (Tables 5.5 - 5.6). It seems that the 

addition of ribavirin to IFN increases the SVR rate in genotype 1-infected 

subjects more than in non-genotype 1-infected thalassemic individuals. 

Rate of SVR. Using ribavirin in thalassemia patients increases transfu-

sion needs by a median of 30–40%, but it does not increase major adverse 

events or treatment withdrawal (8, 76) (Figures 5.3 - 5.4). Based on the 

above evidence, I would like to emphasize the benefits achieved through 

the addition of ribavirin to peginterferon in thalassemia patients with a 

HCV infection. This combination is relatively safe and effective and should 

be considered particularly in the expert management of hematologic dis-

orders setting (Table 5.7).

Despite improvements in treatments for HCV infection, not all patients 

are cured with anti-viral therapy. Patients, who have contraindications to 

antiviral therapy or have failed previous cycles of antiviral therapy, should 

be monitored regularly. This monitoring is even more important in pa-

tients with severe fibrosis of the liver or who are cirrhotic. This needs to in-
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Author Mode of therapy Responders Non-responders

Genotype 1, % (n/N) Genotype 1, % (n/N)

Sievert, W. (26) 101 Mono 37.5 (3/8) 47.3 (9/19)

Syriopoulou, V. (30) 126 Mono 37.5 (6/16) 36.8 (7/19)

Di Marco (33) 134 Mono 39 (11/28) 71.4 (30/42)

Li, C. K. (31) 132 Combination 76.9 (10/13) 80 (4/5)

Telfer, P. T. (32) 133 Combination 50 (2/4) 42.8 (3/7)

Harmatz, P (34) 185 Combination 75 (6/8) 50 (6/12)

Table 5.5. rate of sustain viral response in genotype 1 infected thalassemic subjects reported 
in six trials

Ref: Alavian SM, Tabatabaei SV. Treatment of chronic hepatitis C in polytransfused thalassae-
mic patients: a meta-analysis. J Viral Hepat. 2010;17(4):236-44 with permission

Subgroup of patients
No. of pa-

tients

Rate of sustained 

viral response (95% CI)
Heterogeneity assessment

Q (df) I2 P value

Genotype 1 (overall) 97 42.2% (26.6-57.8)
10.672 

(5)
53.1% 0.058

Genotype 1 who received 

standard IFN monotherapy
66 29.5% (18.7-40.4) 1.724 (2) 0% 0.422

Genotype 1 who received 

combination therapy of 

standard IFN plus ribavirin 

31 60.9% (32.4-89.4) 1.533 (1) 53.3% 0.216

Non-genotype 1 (overall) 84 48.6% (38.3-59) 5.702 (5) 12.3% 0.336

Non-genotype 1 who received 

standard IFN monotherapy
66 51.9% (39.9-63.9) 0.888 (2) 0% 0.642

Non-genotype 1 who received 

combination therapy of 

standard IFN plus ribavirin 

18 51.5% (23.3- 79.6) 2.107 (1) 52.5% 0.147

PEG-IFN monotherapy 77 28.4% (17.2-52.8) 8.838 (2) 77.3% 0.012

PEG-IFN plus ribavirin com-

bination therapy
33 43.6% (29.4-57.8) 2.80 (2) 28.5% 0.247

Standard IFN monotherapy 277 46.9% (35.1-58.7)
25.027 

(6)
76% <0.0001

Standard IFN plus ribavirin 

combination therapy
29 63% (46.1-80) 2.163 (1) 53.7% 0.141

Ribavirin combination 

therapy
62 52.9% (33.7-72.2) 7.71 (3) 74% 0.052

 P<0.100 considered significant for heterogeneity assessment; df, degree of freedom calculated by 

number of trials minus 1

Ref: Alavian SM, Tabatabaei SV. Treatment of chronic hepatitis C in polytransfused thalassaemic 

patients: a meta-analysis. J Viral Hepat. 2010;17(4):236-44 with permission

Table 5.6. Rates of sustained viral response in subgroups of patients stratified according 
therapeutic agents and genotypes
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Odds ratio
.094116 1 10.6251

Study  % Weight
 Odds ratio
 (95% CI)

 0.67 (0.12,3.62) Sievert  et al. (26)  15.2

 1.03 (0.26,4.07) Syriopoulou et al. (30)  18.3

 0.26 (0.09,0.71) Di Marco et al. (33)  66.5

 0.46 (0.22,0.95) Overall (95% CI)

Ref: Alavian SM, Tabatabaei SV. Treatment of chronic hepatitis C in polytransfused thalassaemic patients: 
a meta-analysis. J Viral Hepat. 2010;17(4):236-44 with permission

Figure 5.3.   Pooled odd ratio of SVR rate in genotype 1 vs non-genotype 1 infected thalassemic 
patients with IFN monotherapy

Odds ratio
.046954 1 21.2972

Study  % Weight
 Odds ratio
 (95% CI)

 0.83 (0.07,10.60) Li et al. (31)  36.8

 1.33 (0.11,15.70) Telfer  et al. (32)  30.1

 3.00 (0.42,21.30) Harmatz  et al. (34)  33.1

 1.70 (0.48,6.04) Overall (95% CI)

 Ref: Alavian SM, Tabatabaei SV. Treatment of chronic hepatitis C in polytransfused thalassaemic patients: 
a meta-analysis. J Viral Hepat. 2010;17(4):236-44 with permission

Figure 5.4.   Pooled odd ratio of SVR rate in genotype 1 vs non-genotype 1 infected thalassemic 
patients with ribavirin combination therapy
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clude; biochemical parameters, ultrasound analysis of the liver structure, 

and transient elastography (Fibroscan), if available, every 6-12 months to 

follow the evolution from chronic hepatitis to cirrhosis and to monitor 

patients with cirrhosis for HCC (44).

Management of Side Effects 

Numerous side effects have been reported to occur with anti-viral therapy. 

The major types of side effects include; influenza-like symptoms such as fe-

ver and chills, gastrointestinal disturbances, psychiatric symptoms such as 

depression, insomnia, lack of concentration, hematologic abnormalities 

(leucopenia, neutropenia, and thrombocytopenia), thyroid dysfunction, and 

occasionally respiratory and dermatologic symptoms such as hair loss, dry 

skin, and skin rashes (89). These side effects may be treatment limiting and re-

quire dose reduction or drug discontinuation (90-92).  Pegylated interferons 

have significantly improved pharmacokinetics, resulting in improved anti-

viral efficacy, and they also have the potential to alter the side effect profile 

(93, 94). Most side effects are mild and reversible and are amenable to control, 

however, some of them are severe and can even be life threatening. Prema-

ture withdrawal from therapy due to laboratory abnormalities or adverse 

events has occurred in at least 15% of patients and dose reduction in 20-30%  

combination therapy patients (14, 90, 92, 94, 95). Injection site reactions and 

injection site inflammation are particularly common, but they are generally 

mild and rarely dose limiting (68). Numerous case reports of serious adverse 

events, although infrequent, may occur with therapy and cause significant 

morbidity and end-organ damage. A partial list includes; acute psychosis, sui-

cidal ideation or attempt, confusion and coma, personality changes, memory 

loss, retinopathy, retinal hemorrhage, visual loss, neuropathy, tinnitus, hear-

ing loss, photosensitivity, severe skin rash, cardiac arrhythmias, congestive 

heart failure, interstitial pneumonitis, acute renal failure, bacterial infections 

(particularly in patients with cirrhosis and thalassemia), and induction or ex-

acerbation of autoimmune diseases (type 1 diabetes mellitus, celiac disease, 

thrombocytopenic purpura, myasthenia gravis, and lupus-like syndrome) 

(96-106). 

Neutrophil counts decrease within the first two weeks of therapy initia-

tion and usually stabilize over the next four weeks (14, 68, 94). Neutrophil 
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counts rapidly return to baseline after therapy is discontinued.  Dose re-

duction of peginterferon alpha-2b is recommended when neutrophil 

counts are lower than 759 cells/mm, this appears to be based on empiric 

evidence extrapolated from patients undergoing cancer chemotherapy, 

and the administration of granulocyte colony stimulating factor should 

be advised. Decreases in platelet counts occur with therapy, but they have 

been associated infrequently with dose reduction or discontinuation.  

The tendency to exacerbate diabetes mellitus, infection and septicemia, 

should be considered in patients on anti-viral therapy and they should 

be diagnosed early for better control and to reach SVR. Significant ocular 

complications such as an irreversible decrease in visual acuity may de-

velop in patients treated with pegylated interferon. The most important 

risk factor for developing retinopathy is hypertension. The high rate of 

retinopathy in patients with hypertension and diabetes mellitus suggests 

that patients should be carefully monitored (107).

Adherence to therapy appears to influence sustained viral response rates. 

Adherence is a complex human behavior, therefore, the issue of adherence 

should be attended to in any protocol as the management of side effects 

can increase patients’ adherence rates. This indicates the need for more 

research on the management of side effects related to both interferon and 

ribavirin. Improving compliance with therapy through measures such as; 

patient education, close follow-up, adequate treatment of side effects, and 

minimization of dose changes may increase the efficacy of treatment (90).

IL28B Polymorphism

Different sustained virological response (SVR) rates in various popula-

tions is a challenging fact that has been observed by researchers and in-

spired them to search for causes (64). In September 2009, Ge et al. (108) 

in a genome-wide association study (GWAS) found the rs12979860 single 

nucleotide polymorphism (SNP), which is located three kb upstream of 

the IL28B gene, to be the strongest host genetic predictor of SVR in hepati-

tis C genotype 1. They observed that rs12979860 CC patients, regardless of 

their ethnicity, reach SVR rates approximately twice as often as rs12979860 

TT patients. Our experience showed that Iranian, and especially the thalas-
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semia patients, responded better to anti-viral therapy in comparison with 

the literature (62, 63, 109).

Concluding Remarks

• We should give assurances to thalassemia patients with HCV 
infections and their household contacts regarding the low risk of 
transmission in the family. However, they should consider health 
precautions regarding not sharing personal equipment in the fam-
ily.

 • Adult thalassemia patients with a HCV infection can be treat-
ed successfully with low dose ribavirin. Hence, we strongly advise 
combination therapy in thalassemia patients with the aforemen-
tioned clinical characteristics. 

 • However, ribavirin does not seem to be beneficial in thalassemia 
patients below 18 years. Please treat them early!

• When using ribavirin in thalassemia patients, transfusion needs 
increase by a median of 30–40%, thus it is important to maintain 
hemoglobin levels above 8- 9 g/dl

• Using suitable iron chelators for the control of iron over load is 
recommended.

• The duration of therapy in genotype 1 and 4 is 48 weeks and for 
genotype 2 and 3 it is 24 weeks. In slow responders an extension 
of further therapy over the following 24 weeks in all of the above 
groups is recommended.

• Checking IL28 B polymorphism before the start of therapy, to 
ensure better prediction of responsiveness to anti-viral therapy, is 
recommended.

• In patients with liver cirrhosis or failure to therapy, periodic 
monitoring is recommended.



69

Seyed Moayed Alavian

References
1.	 Alavian SM. Optimal Therapy for Hepatitis C. Hepat Mon. 2004;4(2):41-2.
2.	 Blum HE. Hepatocellular carcinoma: HCC. Hepat Mon. 2011;11(2):69-70. Epub 2011/11/17.
3.	 Bagheri Lankarani K. Acute Hepatitis C Infection. Hepat Mon. 2004;4(7):43-7.
4.	 Jaeckel E, Cornberg M, Wedemeyer H, Santantonio T, Mayer J, Zankel M, et al. Treat-

ment of acute hepatitis C with interferon alfa-2b. N Engl J Med. 2001;345(20):1452-7.
5.	 Kamal SM, Fouly AE, Kamel RR, Hockenjos B, Al Tawil A, Khalifa KE, et al. Peginterferon 

alfa-2b therapy in acute hepatitis C: impact of onset of therapy on sustained virologic 
response. Gastroenterology. 2006;130(3):632-8.

6.	 Sharara AI, Aoun E, Koussa S, Inati A, Taher A. Treatment of acute hepatitis C in a child 
with thalassemia major using weight-based peginterferon alpha-2b. J Gastroenterol 
Hepatol. 2006;21(7):1221. Epub 2006/07/11.

7.	 Alavian SM, Tabatabaei SV, Keshvari M, Behnava B, Miri SM, Elizee PK, et al. Peginter-
feron alpha-2a and ribavirin treatment of patients with haemophilia and hepatitis C 
virus infection: a single-centre study of 367 cases. Liver Int. 2010;30(8):1173-80. Epub 
2010/07/16.

8.	 Alavian SM, Behnava B, Tabatabaei SV. The comparative efficacy and safety of pegin-
terferon alpha-2a vs. 2b for the treatment of chronic HCV infection: a meta-analysis. 
Hepat Mon. 2010;10(2):121-31. Epub 2010/04/01.

9.	 Asadi Noghabi AA, Zandi M, Mehran A, Alavian SM, Dehkordi AH. The effect of educa-
tion on quality of life in patients under interferon therapy. Hepat Mon. 2010;10(3):218-
22. Epub 2010/07/01.

10.	 Asadi Noughabi AA, Zandi M, Mehran A, Alavian SM, Hasanpour Dehkordi A. The as-
sessment of education’s effect on quality of life in patients under PDferon treatment. 
J Iran Univ Med Sci. 2007;14(56):21-8.

11.	 Mihm U, Herrmann E, Sarrazin C, Zeuzem S. Review article: predicting response 
in hepatitis C virus therapy. Aliment Pharmacol Ther. 2006;23(8):1043-54. Epub 
2006/04/14.

12.	 Alavian SM, Mirmomen S, Bagheri-Lankarani K, Adibi P, Merat SH. Management of 
hepatitis C infection (regional guideline). Hepat Mon. 2004;4:2-19.

13.	 Teoh NC, Farrell GC. Management of chronic hepatitis C virus infection: a new era of 
disease control. Intern Med J. 2004;34(6):324-37. Epub 2004/07/02.

14.	 Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G, Goncales FL, Jr., et al. Pegin-
terferon alfa-2a plus ribavirin for chronic hepatitis C virus infection. N Engl J Med. 
2002;347(13):975-82.

15.	 Berg T, Sarrazin C, Herrmann E, Hinrichsen H, Gerlach T, Zachoval R, et al. Prediction 
of treatment outcome in patients with chronic hepatitis C: significance of baseline 
parameters and viral dynamics during therapy. Hepatology. 2003;37(3):600-9.

16.	 Davis GL, Wong JB, McHutchison JG, Manns MP, Harvey J, Albrecht J. Early virologic 
response to treatment with peginterferon alfa-2b plus ribavirin in patients with 
chronic hepatitis C. Hepatology. 2003;38(3):645-52.

17.	 Namazee N, Sali S, Asadi S, Shafiei M, Behnava B, Alavian SM. Real response to therapy 
in chronic hepatitis C virus patients: a study from iran. Hepat Mon. 2012;12(9):e6151. 
Epub 2012/10/23.

18.	 Alavi Moghaddam M, Zali MR, Aalaei Andabili SH, Derakhshan F, Miri SM, Alavian SM. 
High Rate of Virological Response to Peginterferon alpha-2a-Ribavirin Among Non-
Cirrhotic Iranian Hemophilia Patients With Chronic Hepatitis C. Iran Red Crescent 
Med J. 2012;14(8):466-9. Epub 2012/10/30.



70

Treatment of HCV

19.	 Myers RP, Ramji A, Bilodeau M, Wong S, Feld JJ. An update on the management of 
hepatitis C: Consensus guidelines from the Canadian Association for the Study of the 
Liver. Can J Gastroenterol. 2012;26(6):359-75. Epub 2012/06/22.

20.	 Wilde JT, Mutimer D, Dolan G, Millar C, Watson HG, Yee TT, et al. UKHCDO guidelines 
on the management of HCV in patients with hereditary bleeding disorders 2011. Hae-
mophilia. 2011;17(5):e877-83. Epub 2011/06/11.

21.	 Kumada H, Okanoue T, Onji M, Moriwaki H, Izumi N, Tanaka E, et al. Guidelines for the 
treatment of chronic hepatitis and cirrhosis due to hepatitis C virus infection for the 
fiscal year 2008 in Japan. Hepatol Res. 2010;40(1):8-13. Epub 2010/02/17.

22.	 Sherman M, Shafran S, Burak K, Doucette K, Wong W, Girgrah N, et al. Management of 
chronic hepatitis C: consensus guidelines. Can J Gastroenterol. 2007;21 Suppl C:25C-34C.

23.	 Zeuzem S, Buti M, Ferenci P, Sperl J, Horsmans Y, Cianciara J, et al. Efficacy of 24 weeks 
treatment with peginterferon alfa-2b plus ribavirin in patients with chronic hepatitis C 
infected with genotype 1 and low pretreatment viremia. J Hepatol. 2006;44(1):97-103.

24.	 Dalgard O, Bjoro K, Hellum KB, Myrvang B, Ritland S, Skaug K, et al. Treatment with pe-
gylated interferon and ribavarin in HCV infection with genotype 2 or 3 for 14 weeks: a 
pilot study. Hepatology. 2004;40(6):1260-5. Epub 2004/11/24.

25.	 Dalgard O, Bjoro K, Ring-Larsen H, Bjornsson E, Holberg-Petersen M, Skovlund E, et al. Pe-
gylated interferon alfa and ribavirin for 14 versus 24 weeks in patients with hepatitis C 
virus genotype 2 or 3 and rapid virological response. Hepatology. 2008;47(1):35-42.

26.	 Mangia A, Santoro R, Minerva N, Ricci GL, Carretta V, Persico M, et al. Peginter-
feron alfa-2b and ribavirin for 12 vs. 24 weeks in HCV genotype 2 or 3. N Engl J Med. 
2005;352(25):2609-17. Epub 2005/06/24.

27.	 von Wagner M, Huber M, Berg T, Hinrichsen H, Rasenack J, Heintges T, et al. Peginter-
feron-alpha-2a (40KD) and ribavirin for 16 or 24 weeks in patients with genotype 2 or 
3 chronic hepatitis C. Gastroenterology. 2005;129(2):522-7.

28.	 Shiffman ML, Suter F, Bacon BR, Nelson D, Harley H, Sola R, et al. Peginterferon alfa-2a 
and ribavirin for 16 or 24 weeks in HCV genotype 2 or 3. N Engl J Med. 2007;357(2):124-
34. Epub 2007/07/13.

29.	 Alavian SM, Tabatabaei SV, Behnava B, Mahboobi N. Optimal duration of treatment 
for HCV genotype 1 infection in slow responders: a meta-analysis. Hepat Mon. 
2011;11(8):612-9. Epub 2011/12/06.

30.	 Carlsson T, Quist A, Weiland O. Rapid viral response and treatment outcome in geno-
type 2 and 3 chronic hepatitis C: comparison between two HCV RNA quantitation 
methods. J Med Virol. 2008;80(5):803-7.

31.	 Ideo G, Bellati G, Pedraglio E, Bottelli R, Donzelli T, Putignano G. Intrafamilial trans-
mission of hepatitis C virus. Lancet. 1990;335(8685):353. Epub 1990/02/10.

32.	 Tahan V, Karaca C, Yildirim B, Bozbas A, Ozaras R, Demir K, et al. Sexual transmission 
of HCV between spouses. Am J Gastroenterol. 2005;100(4):821-4. Epub 2005/03/24.

33.	 Vandelli C, Renzo F, Romano L, Tisminetzky S, De Palma M, Stroffolini T, et al. Lack of 
evidence of sexual transmission of hepatitis C among monogamous couples: results 
of a 10-year prospective follow-up study. Am J Gastroenterol. 2004;99(5):855-9.

34.	 Vegnente A, Iorio R, Saviano A, Fariello I, Aponte S, Nasca MG, et al. Lack Of Intrafamil-
ial Transmission Of Hepatitis-C Virus In Family Members Of Children With Chronic 
Hepatitis-C Infection. Pediatric Infectious Disease Journal. 1994;13(10):886-9.

35.	 Papanastasiou DA, Spiliopoulou I, Katinakis S, Karana-Ginopoulou A, Repanti M. Lack 
of transmission of hepatitis C in household contacts of children with homozygous 
beta-thalassaemia. Acta Haematol. 1997;97(3):168-73.

36.	 Sood A, Midha V, Sood N, Awasthi G. Prevalence of anti-HCV antibodies among family 



71

Seyed Moayed Alavian

contacts of hepatitis C virus-infected patients. Indian J Gastroenterol. 2002;21(5):185-
7. Epub 2002/11/06.

37.	 Akhtar S, Moatter T, Azam SI, Rahbar MH, Adil S. Prevalence and risk factors for in-
trafamilial transmission of hepatitis C virus in Karachi, Pakistan. J Viral Hepat. 
2002;9(4):309-14.

38.	 Umar M, Bushra HT, Ahmad M, Data A, Khurram M, Usman S, et al. Hepatitis C in paki-
stan: a review of available data. Hepat Mon. 2010;10(3):205-14. Epub 2010/07/01.

39.	 Burt MJ, Cooksley WG. The influence of iron on chronic hepatitis C. J Gastroenterol 
Hepatol. 1998;13(3):330–3.

40.	 Van Thiel DH, Friedlander L, Fagiuoli S. Response to interferon alpha therapy is influ-
enced by the iron content of the liver. J Hepatol. 1994;20(3):410-5.

41.	 Fargion S, Fracanzani AL, Rossini A, Borzio M, Riggio O, Belloni G, et al. Iron reduc-
tion and sustained response to interferon-alpha therapy in patients with chronic 
hepatitis C: results of an Italian multicenter randomized study. Am J Gastroenterol. 
2002;97(5):1204-10.

42.	 Fargion S, Fracanzani AL, Sampietro M, Molteni V, Boldorini R, Mattioli M, et al. Liver 
iron influences the response to interferon alpha therapy in chronic hepatitis C. Eur J 
Gastroenterol Hepatol. 1997;9(5):497-503.

43.	 Alavian SM, Lankarani KB, Sharara A. Treatment of Chronic HCV in Special Popu-
lations: Thalassemia, Hemophilia, and Hemodialysis Patients. Curr Hepat Rep. 
2012;11(4):256-62.

44.	 Di Marco V, Capra M, Angelucci E, Borgna-Pignatti C, Telfer P, Harmatz P, et al. Manage-
ment of chronic viral hepatitis in patients with thalassemia: recommendations from 
an international panel. Blood. 2010;116(16):2875-83. Epub 2010/06/17.

45.	 Alavian SM, Tabatabaei SV. Treatment of chronic hepatitis C in polytransfused thal-
assaemic patients: a meta-analysis. J Viral Hepat. 2010;17(4):236-44. Epub 2009/07/30.

46.	 Hoofnagle JH, di Bisceglie AM. The treatment of chronic viral hepatitis. N Engl J Med. 
1997;336(5):347-56. Epub 1997/01/30.

47.	 Poynard T, Leroy V, Mathurin P, Cohard M, Opolon P, Zarski JP. Treatment of chronic 
hepatitis C by interferon for longer duration than six months. Dig Dis Sci. 1996;41(12 
Suppl):99S-102S.

48.	 Poynard T, Leroy V, Cohard M, Thevenot T, Mathurin P, Opolon P, et al. Meta-analysis of 
interferon randomized trials in the treatment of viral hepatitis C: effects of dose and 
duration. Hepatology. 1996;24(4):778-89.

49.	 Lin R, Roach E, Zimmerman M, Strasser S, Farrell GC. Interferon alfa-2b for chronic 
hepatitis C: effects of dose increment and duration of treatment on response rates. 
Results of the first multicentre Australian trial. Australia Hepatitis C Study Group. J 
Hepatol. 1995;23(5):487-96.

50.	 Carithers RL, Jr., Emerson SS. Therapy of hepatitis C: meta-analysis of interferon alfa-
2b trials. Hepatology. 1997;26(3 Suppl 1):83S-8S.

51.	 Dimarco V, Loiacono O, Almasio P, Diquattro O, Fabiano C, Craxi A. Treatment of chron-
ic hcv infection with alfa-interferon in beta-thalassemia. Hepatology. 1994;19(4):I59-I.

52.	 Dimarco V, Loiacono O, Capra M, Grutta S, Ciaccio C, Gerardi C, et al. Alpha-interferon 
treatment of chronic hepatitis-c in young-patients with homozygous beta-thalas-
semia. Haematologica. 1992;77(6):502-6.

53.	 Di Marco V, Bronte F, Sicily Grp Study T. HCV clearance among hemophiliacs and beta-
thalassemics. Gastroenterology. 2007;132(4):1634-.

54.	 Di Marco V, Lo Iacono O, Almasio P, Ciaccio C, Capra M, Rizzo M, et al. Long-term ef-
ficacy of alpha-interferon in beta-thalassemics with chronic hepatitis C. Blood. 



72

Treatment of HCV

1997;90(6):2207-12. Epub 1997/10/06.
55.	 Clemente MG, Congia M, Lai ME, Lilliu F, Lampis R, Frau F, et al. Effect of iron overload 

on the response to recombinant interferon-alfa treatment in transfusion-dependent 
patients with thalassemia major and chronic hepatitis C. J Pediatr. 1994;125(1):123-8.

56.	 Spiliopoulou I, Repanti M, Katinakis S, Karana-Ginopoulou A, Papanastasiou DA. Re-
sponse to interferon alfa-2b therapy in mutitransfused children with beta-thalas-
semia and chronic hepatitis C. Eur J Clin Microbiol Infect Dis. 1999;18(10):709-15.

57.	 Syriopoulou V, Daikos GL, Kostaridou SL, Manolaki N, Nakopoulou L, Kattamis A, et 
al. Sustained response to interferon alpha-2a in thalassemic patients with chronic 
hepatitis C. A prospective 8-year follow-up study. Haematologica. 2005;90(1):129-31. 
Epub 2005/01/12.

58.	 Pizzarelli G, Di Gregorio F, Romeo MA, Carboni F, Gallisai D, Solinas A, et al. Interferon-
alpha therapy in Sicilian and Sardinian polytransfused thalassaemic patients with 
chronic hepatitis C. Biodrugs. 1999;12(1):55-63.

59.	 Artan R, Akcam M, Yilmaz A, Kocacik D. Interferon alpha monotherapy for chronic 
hepatitis C viral infection in thalassemics and hemodialysis patients. J Chemother. 
2005;17(6):651-5. Epub 2006/01/26.

60.	 Donohue SM, Wonke B, Hoffbrand AV, Reittie J, Ganeshaguru K, Scheuer PJ, et al. Alpha 
interferon in the treatment of chronic hepatitis C infection in thalassaemia major. Br 
J Haematol. 1993;83(3):491-7. Epub 1993/03/01.

61.	 Mirmomen S, Ebrahimi DN, Malekzadeh R, Zali MR, Alavian SM, Haghpanah B, et al. 
The Efficacy and Safety of Peginterferon Alpha-2a (PEGASYS) Monotherapy in theT-
reatment of Chronic Hepatitis C infected Subjects with Transfusion Dependent Thal-
assemia. Hepat Mon. 2004;4(7):65-70.

62.	 Sharafi H, Alavian SM. IL28B polymorphism, Explanation for Different Responses to 
Therapy in Hepatitis C Patients. Hepat Mon. 2011;11(12):958-9. Epub 2012/03/01.

63.	 Sharafi H, Pouryasin A, Alavian SM, Behnava B, Keshvari M, Mehrnoush L, et al. De-
velopment and Validation of a Simple, Rapid and Inexpensive PCR-RFLP Method for 
Genotyping of Common IL28B Polymorphisms: A Useful Pharmacogenetic Tool for 
Prediction of Hepatitis C Treatment Response. Hepat Mon. 2012;12(3):190-5. Epub 
2012/05/03.

64.	 Alavian SM. Are the Real HCV Infection Features in Iranian Patients the Same As What 
Is Expected? Hepat Mon. 2005;5(1):3-5.

65.	 Inati A, Taher A, Ghorra S, Koussa S, Taha M, Aoun E, et al. Efficacy and tolerability 
of peginterferon alpha-2a with or without ribavirin in thalassaemia major patients 
with chronic hepatitis C virus infection. Br J Haematol. 2005;130(4):644-6. Epub 
2005/08/16.

66.	 Kamal S, Fouly A, Mohamed S, e.t al. Peginterferon alfa-2b therapy with and without 
ribavirin in patients with thalassemia: a randomized study. Presented at the 41st An-
nual Meeting of the European Association for the Study of the Liver, 26–30 April 2006, 
Austria Center, Vienna, Austria, abstract 585.

67.	 Kountouras D, Koskinas J, Berdoussi H, Vgontza N, Karagiorga M, Lagiandreou A, et al. 
Efficacy and safety of PEG-IFN alpha-2B treatment for 48 weeks in adult thalassaemic 
patients with chronic HCV infection. Journal of hepatology. 2007;46:S190-S1.

68.	 Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman M, Reindollar R, et 
al. Peginterferon alfa-2b plus ribavirin compared with interferon alfa-2b plus 
ribavirin for initial treatment of chronic hepatitis C: a randomised trial. Lancet. 
2001;358(9286):958-65.

69.	 Hadziyannis SJ, Koskinas JS. Differences in epidemiology, liver disease and treatment 



73

Seyed Moayed Alavian

response among HCV genotypes. Hepatol Res. 2004;29(3):129-35. Epub 2004/06/19.
70.	 Ferenci P, Fried MW, Shiffman ML, Smith CI, Marinos G, Goncales FL, Jr., et al. Predict-

ing sustained virological responses in chronic hepatitis C patients treated with pe-
ginterferon alfa-2a (40 KD)/ribavirin. J Hepatol. 2005;43(3):425-33.

71.	 Alavian SM, Lankarani KB, Aalaei-Andabili SH, Pouryasin A, Ebrahimi Daryani N, Nas-
siri Toosi M, et al. Treatment of Chronic Hepatitis C Infection: Update of the Recom-
mendations from Scientific Leader’s Meeting-28th July 2011-Tehran, IR Iran. Hepat 
Mon. 2011;11(9):703-13.

72.	 Hsu CS, Liu CH, Liu CJ, Chen CL, Lai MY, Chen PJ, et al. Factors affecting early viral load 
decline of Asian chronic hepatitis C patients receiving pegylated interferon plus 
ribavirin therapy. Antivir Ther. 2009;14(1):45-54. Epub 2009/03/27.

73.	 Rodriguez-Torres M, Jeffers LJ, Sheikh MY, Rossaro L, Ankoma-Sey V, Hamzeh FM, et al. 
Peginterferon alfa-2a and ribavirin in Latino and non-Latino whites with hepatitis C. 
N Engl J Med. 2009;360(3):257-67. Epub 2009/01/16.

74.	 Saracco G, Olivero A, Ciancio A, Carenzi S, Rizzetto M. Therapy of chronic hepatitis C: 
a critical review. Curr Drug Targets Infect Disord. 2003;3(1):25-32. Epub 2003/02/07.

75.	 Ancel D, Amiot X, Chaslin-Ferbus D, Hagege I, Garioud A, Girot R, et al. Treatment of 
chronic hepatitis C in sickle cell disease and thalassaemic patients with interferon 
and ribavirin. Eur J Gastroenterol Hepatol. 2009. Epub 2009/05/01.

76.	 Tabatabaei SV, Alavian SM, Keshvari M, Behnava B, Miri SM, Karimi Elizee P, et al. Low 
dose ribavirin for treatment of hepatitis C virus infected thalassemia major pa-
tients; new indications for combination therapy. Hepat Mon. 2012;12(6):372-81. Epub 
2012/08/11.

77.	 Harmatz P, Jonas MM, Kwiatkowski JL, Wright EC, Fischer R, Vichinsky E, et al. Safe-
ty and efficacy of pegylated interferon alpha-2a and ribavirin for the treatment of 
hepatitis C in patients with thalassemia. Haematologica-the Hematology Journal. 
2008;93(8):1247-51.

78.	 Harmatz P, Olivieri NF, Kwiatkowski J, Vichinsky E, Giardina P, Shah F, et al. Safety and 
efficacy of peginterferon Alfa-2a and ribavirin for hepatitis C in thalassemia. Blood. 
2006;108(11):168A-A.

79.	 Hamidah A, Thambidorai CR, Jamal R. Peginterferon alfa-2b and ribavirin in thal-
assaemia/chronic hepatitis C virus-co-infected non-responder to standard interfer-
on-based. Med J Malaysia. 2005;60(4):517-9.

80.	 Li CK, Chan PK, Ling SC, Ha SY. Interferon and ribavirin as frontline treatment for 
chronic hepatitis C infection in thalassaemia major. Br J Haematol. 2002;117(3):755-8. 
Epub 2002/05/25.

81.	 Telfer PT, Garson JA, Whitby K, Grant PR, Yardumian A, Hoffbrand AV, et al. Combina-
tion therapy with interferon alpha and ribavirin for chronic hepatitis C virus infec-
tion in thalassaemic patients. Br J Haematol. 1997;98(4):850-5. Epub 1997/11/05.

82.	 Sherker AH, Kermack D. Combination therapy with alpha-2b interferon and ribavirin 
is safe and effective in the treatment of chronic hepatitis C infection in patients with 
transfusion-dependent thalassemia major. Hepatology. 2001;34(4):595A.

83.	 Sherker AH, Senosier M, Kermack D. Treatment of transfusion-dependent thalasse-
mic patients infected with hepatitis C virus with interferon -2b and ribavirin. Hepa-
tology. 2003;37( 1):223.

84.	 Ladero JM, Lopez-Alonso G, Devesa MJ, Cuenca F, Ortega L, Agreda M, et al. Oscillations 
in serum ferritin associated with antiviral therapy in chronic hepatitis C. Rev Esp En-
ferm Dig. 2009;101(1):31-40. Epub 2009/04/02.

85.	 Alavian SM, Tabatabaei SV. Therapy of hepatitis C in thalassemia: the influence of 



74

Treatment of HCV

iron on achieving sustained viral response. Ann Hematol. 2010;89(2):215-6. Epub 
2009/07/11.

86.	 Franchini M, Targher G, Capra F, Montagnana M, Lippi G. The effect of iron depletion 
on chronic hepatitis C virus infection. Hepatol Int. 2008;2(3):335-40. Epub 2009/08/12.

87.	 Fujita N, Sugimoto R, Urawa N, Araki J, Mifuji R, Yamamoto M, et al. Hepatic iron 
accumulation is associated with disease progression and resistance to interferon/
ribavirin combination therapy in chronic hepatitis C. J Gastroenterol Hepatol. 
2007;22(11):1886-93.

88.	 Taher AT, Musallam KM, Khalife M, Barada K. Hepatitis C antiviral response in thalas-
semia: what is the role of liver iron concentration? Ann Hematol. 2009;88(10):1033-4. 
Epub 2009/03/04.

89.	 Maddrey WC. Safety of combination interferon alfa-2b/ribavirin therapy in chronic 
hepatitis C-relapsed and treatment-naive patients. Semin Liver Dis. 1999;19 Suppl 
1:67-75.

90.	 Lankarani K. How to manage side effects of interferon alpha therapy in Chronic Hep-
atitis C? Hepatitis Monthly. 2004;4(6):5-8.

91.	 McHutchison JG, Poynard T. Combination therapy with interferon plus ribavirin for 
the initial treatment of chronic hepatitis C. Semin Liver Dis. 1999;19 Suppl 1:57-65.

92.	 Poynard T, Marcellin P, Lee SS, Niederau C, Minuk GS, Ideo G, et al. Randomised trial 
of interferon alpha2b plus ribavirin for 48 weeks or for 24 weeks versus interferon 
alpha2b plus placebo for 48 weeks for treatment of chronic infection with hepati-
tis C virus. International Hepatitis Interventional Therapy Group (IHIT). Lancet. 
1998;352(9138):1426-32.

93.	 Alavian SM, Mirmomen S, Bagheri-Lankarani K, Adibi P, Merat S. Management of hep-
atitis C infection (regional guideline) Hepatitis Monthly. 2004;4:2-19.

94.	 Fried MW. Side effects of therapy of hepatitis C and their management. Hepatology. 
2002;36(5 Suppl 1):S237-44. Epub 2002/10/31.

95.	 McHutchison JG, Gordon SC, Schiff ER, Shiffman ML, Lee WM, Rustgi VK, et al. Interferon 
alfa-2b alone or in combination with ribavirin as initial treatment for chronic hepatitis 
C. Hepatitis Interventional Therapy Group. N Engl J Med. 1998;339(21):1485-92.

96.	 Jain K, Lam WC, Waheeb S, Thai Q, Heathcote J. Retinopathy in chronic hepatitis C pa-
tients during interferon treatment with ribavirin. Br J Ophthalmol. 2001;85(10):1171-3.

97.	 Hejny C, Sternberg P, Lawson DH, Greiner K, Aaberg TM, Jr. Retinopathy associated 
with high-dose interferon alfa-2b therapy. Am J Ophthalmol. 2001;131(6):782-7. Epub 
2001/06/01.

98.	 Nadir A, Amin A, Chalisa N, van Thiel DH. Retinal vein thrombosis associated 
with chronic hepatitis C: a case series and review of the literature. J Viral Hepat. 
2000;7(6):466-70. Epub 2000/12/15.

99.	 Cadoni G, Marinelli L, De Santis A, Romito A, Manna R, Ottaviani F. Sudden hearing loss 
in a patient hepatitis C virus (HCV) positive on therapy with alpha-interferon: a possible 
autoimmune-microvascular pathogenesis. J Laryngol Otol. 1998;112(10):962-3.

100.	 Alavian SM, Hajarizadeh B. Attemted suicide in two patients with chronic hepatitis 
C while being treated with interferin-alpha. Hepatitis Monthly. 2004;4:20-2.

101.	Toosi M, Hassanabadi M. Hearing Loss as a Complication of Peginterferon Alfa 
2a Combination Therapy in a Patient with Hepatitis C Virus Infection. HEPATITIS 
MONTHLY. 2004;4(7):79-82.

102.	Karim A, Ahmed S, Khan A, Steinberg H, Mattana J. Interstitial pneumonitis in a pa-
tient treated with alpha-interferon and ribavirin for hepatitis C infection. Am J Med 
Sci. 2001;322(4):233-5.



75

Seyed Moayed Alavian

103.	Chin K, Tabata C, Sataka N, Nagai S, Moriyasu F, Kuno K. Pneumonitis associated with 
natural and recombinant interferon alfa therapy for chronic hepatitis C. Chest. 
1994;105(3):939-41.

104.	Boonyapisit K, Katirji B. Severe exacerbation of hepatitis C-associated vasculitic neu-
ropathy following treatment with interferon alpha: a case report and literature re-
view. Muscle Nerve. 2002;25(6):909-13.

105.	Teragawa H, Hondo T, Amano H, Hino F, Ohbayashi M. Adverse effects of interfer-
on on the cardiovascular system in patients with chronic hepatitis C. Jpn Heart J. 
1996;37(6):905-15.

106.	Fujiwara T, Kiura K, Ochi K, Matsubara H, Yamanari H, Shimomura H, et al. Giant nega-
tive T waves during interferon therapy in a patient with chronic hepatitis C. Intern 
Med. 2001;40(2):105-9.

107.	Kim ET, Kim LH, Lee JI, Chin HS. Retinopathy in hepatitis C patients due to com-
bination therapy with pegylated interferon and ribavirin. Jpn J Ophthalmol. 
2009;53(6):598-602. Epub 2009/12/19.

108.	Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban TJ, et al. Genetic varia-
tion in IL28B predicts hepatitis C treatment-induced viral clearance. Nature. 
2009;461(7262):399-401. Epub 2009/08/18.

109.	Mahboobi N, Behnava B, Alavian SM. IL28B SNP genotyping among Iranian HCV-in-
fected patients: A preliminary report. Hepat Mon. 2011;11(5):386-8. Epub 2011/11/17.







COMING SOON
Kowsar Publishing




	11.pdf
	Virology
	Epidemiology
	Natural History 
	Diagnosis and evaluation
	Treatment of HCV


