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3. INTRODUCTION 

Hepatitis C virus (HCV) is one of the leading causes of chronic hepatitis, 
cirrhosis and hepatocellular carcinoma (HCC). With an estimated HCV pre-
valence of about 2.35% of the world population and 3 to 4 million persons 
newly infected each year, HCV infection is a serious public health care issue 
worldwide. Hepatitis C virus is a blood-borne virus with primarily parenteral 
mode of transmission. The most common transmission route in Europe, ac-
counting for around 78% of cases, is injection drug use (IDU), which has also 
prevailed in Estonia from the mid-1990s, followed by sexual contacts. The 
number of patients with chronic hepatitis C (CHC) is increasing and is expected 
to be an important cause of premature mortality and may exert an extra burden 
on the health care system in the nearest future.  

In Europe the prevalence of HCV ranges between 0.1 and 3.2% with low 
prevalence in Belgium and higher in Romania. In Estonia up to 1% or even 
more out of 1.34 million inhabitants are infected with HCV. The HCV has been 
classified into 6 major genotypes and a number of subtypes with different 
geographic distributions. In Estonia, like in other Eastern European countries, 
the most predominant HCV subtypes are 1b and 3a.  

Since 2002 therapy with peginterferon alfa-2a/2b (PegIFN) plus ribavirin 
(RBV) has been recognized as the current standard of care (SOC) for chronic 
hepatitis C. The aim of antiviral therapy is the eradication of HCV infection in 
order to prevent the complications of HCV-related liver diseases. The endpoint 
of therapy is a sustained virological response (SVR). The response to antiviral 
therapy strongly depends on HCV genotype. In general, HCV genotypes 2 and 
3 respond better to combination therapy with SVR over 80%, but results still 
remain unsatisfactory for genotype 1 with SVR rate ranging from 40 to 52 %.  

Thus, predicting non-response (NR) is of major interest for both patient 
wellbeing and health care expense. Different pre- and on-treatment host and 
viral factors, as well as treatment-related factors influence treatment outcome in 
HCV-infected patients. Some of them, such as host (age, stage of fibrosis, 
genetics) and viral factors (genotype, viral load, viral kinetics during treatment), 
and adherence to treatment are known with less controversial issues needed for 
further research. Others, like polymorphisms due to amino acid (aa) substitu-
tions in different regions of the HCV genome, including the non-structural 5A 
(NS5A) protein, suggested also as an additional potential predictor of SVR, are 
less studied. The results of different studies on HCV genetics are conflicting 
and not sufficiently clear, especially regarding European patients. 

The SOC for treatment of CHC patients changed in mid 2011. The appea-
rance of new standard “triple therapy” with direct acting antivirals (DAA) has 
led to significant improvements in response rates even for patients infected with 
HCV genotype 1 and has reduced the duration of treatment. However, to date a 
very high cost of these medications might be a barrier for their wide use in  low- 
and middle-income countries. 
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The PegIFN plus RBV therapy has been available for treatment of CHC in 
Estonia from 2005 with up to 400 patients treated annually. Regardless the fact 
that from 2014 two DAA, HCV NS3 protease inhibitors (PIs), telaprevir (TVR) 
and boceprevir (BOC), were approved for use in the treatment of genotype 1-
infected patients, dual antiviral therapy has remained the backbone of treatment 
and is less expensive for CHC.   

There are several studies and doctoral theses dealing with the molecular epi-
demiology of HCV infection and the relationship between host genetic factors 
and susceptibility to and clearance of HCV in Estonia (Zusinaite et al 2000, 
2005, Tallo et al 2000, 2007, Huik et al 2013). At the same time, studies 
assessing the efficacy of PegIFN plus RBV therapy and determining the pre-
dictors of treatment response in Estonian patients with CHC are so far lacking.   

For the first time, the current thesis focuses in a detailed manner on the ana-
lysis of different pre- and on-treatment host and viral factors, including poly-
morphism of NS5A regions, which may be associated with treatment outcome 
in Estonian treatment-naive HCV infected patients and which could be used as a 
predictors of treatment response to PegIFN/RBV therapy. 
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4. REVIEW OF THE LITERATURE 

4.1. Hepatitis C virus 

4.1.1. Historical overview 

The steps towards discovering the hepatitis C virus (HCV) began in the mid-
1970s.  

Known before as non-A, non-B hepatitis (NANBH), it was first mentioned 
in 1975 (Alter et al 1975). Novel technologies with the use of recombinant 
DNA led to the isolation of a single small cDNA clone 5-1-1 from a patient 
with NANBH, which was distantly related to flaviviridae, and encoded for a 
protein that binded antibodies only to NANBH virus, which was renamed as 
hepatitis C virus (Choo et al 1989). Further, the structure of the virus genome 
encoding for certain enzyme activities like serine protease, helicase and poly-
merase, was identified (Kato et al 1990).  

Hepatitis C virus belongs to the Flaviviridae family of viruses, which com-
prises at least three distinct genera, i.e. Pestiviruses, Flaviviruses, and Hepaci-
viruses, which currently includes hepatitis C virus and GB virus (Thiel et al 
2005). HCV particles are spherical in shape with a diameter of 50 to 70 nm, 
consist of nucleocapsids (30–35 nm) with multiple copies of core protein con-
taining single – strand RNA, i.e. the HCV genome, and is surrounded by a lipid 
envelope with two anchored viral glycoproteins, E1 and E2 (Figure 1). HCV 
virions are stable at lower temperatures, but become sensitive when exposed to 
high temperatures and different alcohols and antiseptics (Ciesek et al 2010).   

5’UTR 3’UTR 

 
Figure 1. Structure of the HCV genome and particle (Copyright permission from 
Frontiers Media SA, Moriishi et al 2012)  
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4.1.2. Genomic organization and function of HCV proteins 

The HCV genome consists of one 9.6 kb single-stranded positive RNA mole-
cule with a single open reading frame (ORF) flanked by structured 5’ and 3’ 
nontranslated regions (UTR), which are 341 and approximately 230 nucleotides 
(nt) in length, respectively (Choo et al 1991). The 5’UTR contains an internal 
ribosome entry site (IRES), which is essential for cap-independent translation of 
the viral RNA (Rijnbrand et al 2000). The 3’UTR consists of a variable region, 
a poly U tract and a highly conserved 98-nucleotide RNA element essential for 
viral replication (Friebe et al 2002).  

The linear molecule contains approximately 3000 amino acids, which are 
processed by host and viral proteases into 10 individual proteins, including 
structural proteins (core, envelope E1, and E2), hydrophobic short peptide p7 
and six nonstructural proteins (NS2, NS3, NS4A, NS4B, NS5A, NS5B), (Figure 
1).  

 
Structural proteins 
Besides its role in capsid formation, the core protein can regulate particle as-
sembly, binding and translation of viral RNA (Ait-Goughoulte et al 2006), it 
may be also involved in other processes such as cell signalling, apoptosis, fibro-
sis, lipid metabolism and suppression of host immune responses (Tellinghuisen 
et al 2002, Rehermann 2009). 

The two envelope glycoproteins, E1 and E2, are thought to play a pivotal 
role at different steps in the HCV replicative cycle. There is now strong evi-
dence that they are essential for host-cell entry by binding to receptor(s) and 
inducing fusion with a host-cell membrane (Bartosch et al 2003). Two hyper-
variable regions, HVR1 and HVR2, have been identified in E2 glycoproteins. 
The HVR1 is known as a neutralizing epitope of HCV and together with HVR2 
it modulates E2 binding (Zibert et al 1997).  

The short peptide p7 may act as an ion channel and participate in virus 
assembly and/or release of viral particles (Griffin et al 2003).  

 
Nonstructural proteins 
Among the nonstructural proteins, NS2 is a transmembrane protein with pro-
tease activity, which cleaves NS2-NS3 junction of the polyprotein and can 
inhibit apoptosis (Erdtmann et al 2003).  

The NS3 protein has serine, nucleotide triphosphatase and RNA helicase 
activities. Together with NS4A it constitutes a protease that is important for 
polyprotein cleavage at the NS3/NS4A, NS4A/NS4B, NS4B/NS5A and NS5A/ 
NS5B junctions (Failla et al 1994). The NS3 influences interferon-dependent 
innate cellular host defence by inhibiting certain pathways (Gale 2003, Reher-
mann 2009).    

The NS4A is a cofactor of the NS3 serine protease. It directs NS3 to the 
endoplasmatic reticulum (ER) and increases its stability (Wölk et al 2000). 

The NS4B is a small membrane-associated protein localized in ER and is a 
component of the replication complex (Penin et al 2004). 
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NS5A is a phosphoprotein with multiple and diverse properties. NS5A parti-
cipates in viral RNA replication, modulation of cell signalling pathways, 
pathogenesis and apoptosis regulation, it can interact with other HCV and host 
cell proteins (Rehermann 2009, Yamasaki et al 2012). Interest in this protein 
arose when it was shown that NS5A can bind and inhibit IFNα-inducible 
double-stranded RNA-activated protein kinase, providing molecular explanation 
of HCV resistance to IFN therapy (Gale et al 1997). The NS5A protein is 
variable in length and sequence according to the different genotypes (Le 
Guillou-Guillemette et al 2007). 

The NS5B is a viral RNA dependent RNA polymerase (RdRp) – a key 
enzyme in the viral replication process, responsible first for the synthesis of 
minus-strand RNA from plus-strand RNA template and, further, negative-strand 
RNA serves as a template for the synthesis of plus-strand RNA molecules. 
NS5B is a membrane protein with the “fingers”, “palm” and “thumb” sub-
domains (Penin et al 2004). As a crucial enzyme for viral replication, it repre-
sents an attractive target for development of new antiviral drugs. 
 

4.1.3. Genetic variability of HCV 

The HCV has high genetic diversity, due to the lack of the proofreading activity 
of its RNA dependent RNA polymerase, and high level of viral replication. The 
mean frequency of nucleotide mutations varies from 1.4 × 103 to 1.9 × 103 
substitutions per nucleotide and per year (Ogata et al 1991, Steinhauer et al 
1992). Some of the mutations accumulating during replication are silent or 
synonymous and have no impact on the amino-acid sequence of the viral 
protein. Other, so called non-synonymous mutations lead to changes in the 
protein sequence and to the emergence of variants (Le Guillou-Guillemette et al 
2007). HCV genetic variability is characterized by the appearance of hetero-
geneous but closely related virus particles known as quasispecies (Barten-
schlager et al 2000). The appearance of quasispecies allows HCV to escape host 
immune system’s pressure and can contribute to resistance to IFN and ribavirin 
therapy, which leads to insufficient SVR rate (Wohnsland et al 2007).  

The 5’UTR and the core are highly conservative regions, the non-structural 
regions 2, 3, 5B and the 3’UTR are relatively variable whereas the envelope 
regions E1 and E2 and the NS4 and the NS5A genes exhibit the highest 
sequence diversity (Penin et al 2001, Le Guillou-Guillemette et al 2007).  

Based on sequence variability within the 5’UTR, core, E1 and NS5B regions 
or the complete genome, HCV has been classified into six major genotypes 
designated as 1 to 6, which differ by about 30 percent of their nucleotide se-
quences (Simmonds et al 2005, Chayama et al 2011). Recently a seventh geno-
type has been reported among immigrants from Central Africa (Smith et al 
2014), (Figure 2). Each genotype is actually a mixture of quasispecies with 70% 
homology. 
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Further these genotypes have been classified into at least 67 subtypes, marked 
as a, b, c, d, etc, which have 20–25% sequence difference (Simmonds et al 
2005, Smith et al 2014).  
 
 

 
Figure 2. Phylogenetic tree of hepatitis C virus. A phylogenetic tree was constructed 
using 184 complete nucleotide sequences obtained from the DDBJ/EMBL/GenBank 
database (Copyright permission from John Wiley & Sons, Chayama et al 2011) 
 
 
Genotypes differ in distribution both by the geographic region and the mode of 
transmission. Genotypes 1, 2 and 3 have worldwide epidemic distribution with a 
high prevalence of genotype 1 followed by 3 and 2 in Europe, Northern Ame-
rica and Japan, while genotypes 4–6 are endemic and prevalent in certain geo-
graphical areas (Esteban et al 2008, Averhoff et al 2012, Sievert et al 2011, 
Chao et al 2011).  

Due to immigration from HCV genotype-endemic areas and movement of 
injection drug users across European and North American borders, genotypes 
4–6 have been registered in these countries as well (Esteban et al 2008, Corn-
berg et al 2011, Averhoff et al 2012, Al Naamani et al 2013).  

Like in most countries of Central and Eastern Europe (Jansons et al 2004, 
Liakina et al 2009, Cornberg et al 2011), mostly genotype 1b prevails in 
Estonia, followed by 3a and 2a (Tallo et al 2000, 2007, Zusinaite et al 2000).  
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The significance of the HCV genotypes is mostly associated with specific 
transmission routes, so genotypes 1a and 3a prevail among IDUs, while 1b and 
2 are associated with blood transfusions and unsafe medical procedures in the 
past (Pawlotsky et al 1995, Esteban et al 2008). Genotypes 4–6 are associated 
with intravenous drug use as well as with transfusions of unscreened blood 
products and unsafe medical manipulations in countries with scarce health 
resources (Khattab et al 2011, Chao et al 2011, Al Naamani et al 2013).  

The significance of genotypes in pathogenesis and disease progression re-
mains controversial. The HCV genotype alone cannot be an independent factor 
of disease progression. However, genotypes are mostly known as a strong 
predictors of treatment response and duration of antiviral therapy (Manns et al 
2001, Fried et al 2002, Hadziyannis et al 2004, Pearlman et al 2007, Shiffman et 
al 2007).  

 
 

4.1.4. Epidemiology and routes of transmission 

The HCV has worldwide distribution, it can occur among persons of all ages, 
genders and races. Nowadays it has been estimated that about 2.35% of the 
global population is infected with HCV, which amounts to 170 million infected 
people (Lavanchy 2011). Central and East Asia and North Africa/Middle East 
are estimated to have high prevalence (>3.5%); South and Southeast Asia, sub-
Saharan Africa, Central, and Southern Latin America, Australasia, and Europe 
have moderate prevalence (1.5% – 3.5%); whereas Asia Pacific, Tropical Latin 
America, and North America have low prevalence (<1.5%) of HCV infection 
(Hanafiah et al 2013).  

In Europe it was estimated that about 9 million people are infected with 
HCV. A low prevalence of 0.1% has been reported from Belgium (Quolin et al 
2007) and a higher prevalence of 3.2% from Romania (Gheorge et al 2010). 
Each year 86,000 people die because of HCV infection and it accounts for about 
60 -70% of hepatocellular carcinoma (HCC) cases and virus-related liver 
transplantation in Europe (Hatzakis et al 2011, Blachier et al 2013). 

In Estonia, notification of hepatitis C started in 1993. Hospitals and family 
doctors report laboratory-confirmed cases of hepatitis C to the national surveil-
lance system for communicable diseases (NAKIS) at the Estonian Health 
Board.  

In Estonia there are no studies reporting the prevalence of HCV infection in 
general population, besides studies in specific populations, like health care 
workers, blood donors, hemodialysis and oncohematological patients and 
inmates (Priimägi et al 2005, Tefanova et al 2005). In general, it was suggested 
that up to 1% or even more out of 1.34 mln of Estonian inhabitants may be 
infected with HCV (Margus et al 2007).    

The transmission routes of HCV infection are: intravenous drug use, which 
has undoubted the highest risk of HCV acquisition (Zaltron et al 2012); non-
intravenous recreational exposure to drugs, i.g. cocaine, by sharing inhalatory 
instrumentation; accidental needle stick exposure among healthcare workers; 
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healthcare procedures even in developed countries (Gutelius et al 2010, Fabrizi 
2013); mother to child vertical transmission (Murakami et al 2012); sexual 
exposure, which is considered to be very low (Tohme et al 2010) and is a matter 
of concern in males who have sex with men (Marongiu et al 2012).  

Nowadays the most common transmission route in European countries, in-
cluding Estonia, is injection drug use accounting for around 78% of all reported 
cases, followed by sexual contacts (ECDC 2013). Due to the asymptomatic 
nature of HCV infection in up to 30% of cases (Zaltron et al 2012) the route of 
transmission and source of infection remain unknown. 
 

 
4.1.5. Control and prevention 

Mandatory control of blood donors and blood products, established by the Com-
mittee for Proprietary Medicinal Products (CPMP) in the 1990-s, by using anti-
HCV tests and later nucleic acid amplification techniques has significantly 
reduced transmission of HCV infection with the residual risk for acquiring HCV 
via blood products ranging from 1 to 40 per 10 million transfusions in European 
countries (ECDC 2010).  

There is no vaccine or post-exposure prophylaxis for HCV. Prevention of 
acute hepatitis C and its sequelae (chronic hepatitis, cirrhosis, HCC) consists of 
primary and secondary activities.  

Primary prevention is aimed to reduce transmission of HCV infection by 
avoiding unnecessary and unsafe injections, unsafe blood products, use of illicit 
drugs and sharing of injection equipment, unprotected sex with HCV infected 
people, tattoos, piercings and acupuncture performed with contaminated equip-
ment (WHO 2013). 

Secondary prevention is aimed at people who are infected with HCV. It con-
sists of education and counseling and provision of antiviral treatment to these 
patients, it also includes vaccination against hepatitis A and B preventing thus 
coinfection and protecting the liver (CDC 2010).  

In Estonia, there exist special national policies of HCV control in blood 
banks and preventing of HCV in health-care settings, but there is no national or 
regional standard or national policy on HCV prevention and no general anti-
HCV screening programme. Only two specific subgroups, blood donors and 
prisoners are screened on a regular basis.  
 
 

4.2. Natural course of HCV infection 

4.2.1. Acute hepatitis C 

Acute hepatitis C virus infection is a short-term illness that occurs within the 
first 6 months after exposure to HCV. The incubation period is variable, around 
7 weeks (range 4–20 weeks) with detectable HCV RNA and anti-HCV within 
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1–2 weeks and 8 weeks, respectively, followed by elevation of serum alanine 
aminotransferase (ALT) 10–30 times of the upper limit at weeks 6–12 before 
onset of clinical symptoms (Hoofnagle 1997). Spontaneous clearance of in-
fection typically occurs within 3 months from infection in 15% of patients 
(Santantonio et al 2008). Such factors, as young age, ethnicity, female gender, 
immune response and host genetics (IL28B CC genotype, CCR5 and CCL5 
haplotypes) can contribute to it (Post et al 2009, Huik et al 2013, Grebely et al 
2014). 
 

4.2.2. Chronic hepatitis C (CHC)  

After acute hepatitis C the disease becomes chronic in up to 85% of all cases. 
Chronic hepatitis C is a continuous inflammation of the liver caused by HCV 
infection persisting over time period from four to six months with failed spon-
taneous viral clearance and with an existence of compatible clinical signs 
(Mauss et al 2014).  

In case of persistent HCV viremia infected liver cells secrete cytokines and 
chemokines that cause migration of nonspecific mononuclears into liver cells 
(Larrubia et al 2008) with development of liver damage. Persistent inflam-
mation activates hepatic stellate cells, myofibroblasts and fibroblasts, which 
cause development of liver fibrosis (Heydtmann et al 2009, Fallahi et al 2012).  

Most patients with chronic infection are asymptomatic or have only mild 
nonspecific symptoms before presenting liver cirrhosis, which may be un-
recognized for a long time and is presented in the form of overt hepatic de-
compensation (Seef 2002).  

Aminotransferase level can vary usually from twice up to 5 times above the 
upper limit of normal, with about one third of patients having normal serum 
ALT. Patients with persistently normal ALT can have advanced liver disease 
(Shiffman et al 2006). 

Approximately in 20–30% of patients the disease can progress over 10–30 
years to liver cirrhosis (Seeff 2002). Such factors as age of acquisition of in-
fection, gender, race, alcohol and/or illicit drugs abuse, co-infection with HIV 
or/and HBV, comorbidities can contribute to disease progression (Chen et al 
2006). Of patients with HCV-related cirrhosis, 1–4% can develop hepatocellular 
carcinoma (HCC) yearly (Seef 2002).  

In Estonia, the surveillance system covers newly diagnosed CHC cases from 
2004 and HCV has been found as the main etiological agent of chronic viral 
hepatitis (Estonian Health Board, annual report).  

The HCV is a hepatotropic virus, but it can also exist in extrahepatic tissues, 
such as bone marrow, central nervous system, endocrine glands, lymph nodes, 
macrophages and skin cells, that might act as a reservoir and play a role in both 
HCV persistence and reactivation (Ferri et al 1993). More than 30 extrahepatic 
manifestations, i.e. concomitant diseases, have been reported during the natural 
course of chronic hepatitis C (Agnello et al 2004). Their appearance is as-
sociated with B-cell hyperactivation and chronic antigenemia (Klenerman et al 



19 

2012), and as a result of complex dysregulation of the cytokine/chemokine 
network (Fallahi et al 2012). Approximately one third of HCV infected patients 
have at least one extrahepatic manifestation and it may be the first symptom of 
the disease (Cacoub et al 2000). The best documented manifestations are essen-
tial mixed cryoglobulinemia, porphyria cutanea tarda and some others (Zignego 
et al 2007, Monaco et al 2012).  

A relationship between HCV and sarcoidosis has been described (Ramos-
Casals et al 2005, Faurie et al 2010). The prevalence of sarcoidosis in HCV-
infected patients is reported to be 0.1% – 0.2% (Faurie et al 2010). A relation-
ship between sarcoidosis and HCV infection may emerge in 75% of cases due 
to antiviral therapy with IFN-α and ribavirin, or owing to unknown factor(s) 
(Ramos-Casals et al 2005). Sarcoidosis may appear during the treatment or after 
completion of antiviral therapy. In case of sarcoidosis unrelated to HCV treat-
ment, together with the fact that liver granulomas may be presented in the histo-
logical spectrum of chronic hepatitis C, makes several authors speculate that 
chronic persistent HCV infection per se may trigger systemic sarcoidosis (Bon-
net et al 2002, Gaya et al 2003). 
 
 

4.2.2.1. Diagnostics of CHC 

The diagnosis of CHC is confirmed by the presence of both HCV antibodies 
and HCV RNA with compatible clinical signs and liver histology (Mauss et al 
2014). Tests for detection of anti-HCV include the enzyme immunoassay, 
which contains HCV antigens from the core and nonstructural proteins, and the 
recombinant immunoblot assay. Target amplification techniques with either 
polymerase chain reaction (PCR) or transcription-mediated amplification are 
used for HCV RNA qualification, whereas both target amplification and signal 
amplification techniques are implemented for measurement of HCV RNA 
levels. The above mentioned assays are necessary for the diagnosis of HCV 
infection (Ghany et al 2009, EASL 2014). 

Despite the use of some non-invasive methods, like Fibroscan and bio-
chemical markers of fibrosis (Degos et al 2010), transcutaneous liver biopsy 
remains the gold standard for assessment of HCV-related liver disease severity 
with a very low risk of severe complications (WHO 2014). The widely used 
METAVIR score system for assessing histological changes in the liver is very 
advantageous and easy to grade liver changes (Bedossa et al 1996). 
 

4.3. Treatment of CHC 

4.3.1. Goals of antiviral therapy and types of virological response 

Management of chronic CHC is aimed to eradicate HCV infection preventing 
thus the complications of HCV–related morbidity and mortality (Backus et al 
2011, Veldt et al 2007). Therapy with peginterferon alfa (PegIFN) and ribavirin 
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(RBV) was approved as the standard of care (SOC). The endpoint of therapy 
known as a sustained virological response (SVR) (Lindsay 2002, Ghany et al 
2009) is the main criterion of treatment efficacy. The SVR is durable with a 
relapse rate less than 1% (Swain et al 2010).  

During PegIFN/RBV therapy there occur several on-treatment and off-treat-
ment types of virological response (Figure 3): 
a)  rapid virological response (RVR) defined as undetectable HCV RNA at 

week 4 of antiviral therapy; 
b)  early virological response (EVR) with HCV RNA detectable at week 4, un-

detectable at week 12 (complete EVR); 
c)  nullresponse characterized by a decrease of HCV RNA less than 2 log10 at  

12 week of therapy; 
d)  end-of-treatment virological response (EOT) with undetectable HCV RNA 

level at the end of therapy; 
e)  sustained virological response (SVR) defined as HCV RNA negative at  

6 months after completion of treatment.  
f)  relapse (RL) is detectable HCV RNA after completion of therapy in patients 

with EOT virological response (Ghany et al. 2009, EASL 2014). 
 
 

 
 
Figure 3. Patterns of on-treatment and off-treatment virological responses (Copyright 
permission from John Wiley & Sons, Yu 2009) 
 
  

4.3.2. Overview of antiviral treatment 

Interferon alpha (IFN-α) is a naturally occurring cytokine having antiviral, 
immune modulatory and anti-inflammatory properties (Feld et al 2005), it was 
first used in a pilot study in 1986 for the treatment of NANBH (Hoofnagle et al 
1986). It was suggested that interferon stimulates host’s immune system and 
activates interferon stimulating genes (ISGs) (Zeuzem et al 1996). 
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Monotherapy with IFN-α dosed at 3 MU 3 times a week with a 24-week 
duration of therapy showed 6% of SVR (Di Bisceglie et al 1989, Davis et al 
1989). A further step was the adding of ribavirin (RBV), a guanosine analogue 
with a broad spectrum of antiviral activity (Potter et al 1976), to IFN. It was 
proposed that RBV can modulate host immune responses by shifting a Th2 
response in favor of a Th1 phenotype, directly inhibit viral RNA polymerase 
and cause lethal mutagenesis of HCV RNA genomes (Te et al 2007).  

Clinical trials have demonstrated a SVR rate of 13 – 19% with prolongation 
of monotherapy up to 48 weeks; IFN-α combined with RBV for 24 weeks 
allowed to attain SVR in 31% – 35% of patients, and when the therapy was 
prolonged up to 48 weeks, in 38% – 43% (McHutchison et al 1998, Poynard et 
al 1998).  

A significant breakthrough in therapy has been achieved by using of 
PegIFN. Pegylation is a process that allows, by attaching polyethylene glycol 
strands to the interferon molecule, to prolong its half-life. Clinical trials 
demonstrated SVR rates of monotherapy with PegIFNα for 48 weeks to be 
approximately 39% (Zeuzem et al 2000, Lindsay et al 2001). Based on three 
randomised trials, rules were established for using combination with PegIFNα 
plus RBV in treatment for CHC (Manns et al 2001, Fried et al 2002, 
Hadziyannis et al 2004).  

There are two PegIFNs marketed today, PegIFNα-2a (PEGASYS®, Roche) 
and PegIFNα -2b (PEG-Intron®, Merck). Analogous two forms of RBV are 
used: Copegus manufactured by Roche and Rebetol manufactured by Merck 
Sharp and Dohme. 
 

4.3.3. Standard of care for CHC 

Antiviral therapy with PegIFN/RBV was implemented in early 2000s and was 
determined as a SOC for treatment of chronic hepatitis C. It is recommended to 
all treatment-naive patients with compensated HCV-related chronic liver 
disease who are willing to be treated, do not have any serious comorbidities and 
have no contraindication to either medication. SOC is also recommended to 
patients who failed to eradicate HCV after previous therapy with IFN-α with or 
without RBV (Ghany et al 2009, EASL 2014).  

An individualized therapy, known as a response guided therapy with 
PegIFN/RBV based on the genotype, baseline viral load and decrease of HCV 
RNA during weeks 4 and 12 of treatment, has been proposed. It allows, on one 
hand, by avoiding a large number of side effects without loss of efficacy, to 
shorten the duration of treatment, and, on the other hand, by prolongation of 
treatment, to increase SVR rates in particular patient groups.  

According to these algorithms, patients infected with HCV genotypes 1 and 
4 with a low baseline viral load and RVR, can be treated for 24 weeks, and 
patients infected with genotype 2 and 3 with a low baseline viral load and RVR, 
can be treated for only 16 weeks. Patients with detectable HCV RNA at week 4 
(genotypes 2 and 3) and week 12 (genotypes 1 and 4) but negative HCV RNA 
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at week 24, can benefit from treatment prolongation up to 48 and 72 weeks, 
respectively (Ghany et al 2009, EASL 2014, Margus et al 2007). 

In Estonia, IFN-based monotherapy of chronic hepatitis C was introduced in 
1997 and the SOC for treatment of CHC has been available since 2005. The 
treatment of patients is conducted according to the National Guideline on treat-
ment of CHC, which was approved by the Estonian Society of Gastroenterology 
and the Estonian Society for Infectious Diseases in 2006 and updated in 2007, 
2010. Annually around 400 patients with CHC receive antiviral therapy. It is 
100% reimbursed by the Estonian Health Insurance Fund for patients covered 
by health insurance.  
 
 

4.3.4. Direct acting antivirals in treatment of CHC 

Despite the advances in the management of CHC, the present high cost and 
serious side effects of SOC with yet unsatisfactory treatment results in patients 
infected with HCV genotype 1, have encouraged researchers to introduce new, 
more effective agents with favorable safety profiles targeting different sites of 
the virus genome.  

Direct acting antivirals (DAA) are a potentially new class of antiviral drugs 
aimed at both the structural and nonstructural proteins of the HCV genome and 
interfere with viral replication (Poordad et al 2012).  

In 2011 the Federal Drug Agency (FDA) and the European Medicine Agen-
cy (EMA) approved the first-generation protease inhibitors (PIs) boceprevir 
(BOC) and telaprevir (TVR), both targeting HCV NS3/4A serine protease in 
combination with PegIFN/RBV, for treatment of both naïve and experienced 
chronic HCV genotype 1 patients (Ghany et al 2011, EASL 2014). Triple 
therapy has led to improved response rates of 63-75% with better tolerability 
and safety of treatment (Poordad et al 2011, Jacobson et al 2011, Sherman et al 
2011). Despite promising results, this therapy has demonstrated certain limi-
tations, as it is used only for patients infected with HCV genotype 1. The anti-
viral efficacy of PIs is affected by the presence of resistance mutations within 
the targeted NS3 protein (Bartels et al 2013). It still has disappointing results for 
previous prior partial and null response to PegIFN/RBV and especially for 
patients with cirrhosis.  

Facing these challenges, new antiviral drugs, like sofosbuvir, simeprevir, 
daclatasvir, faldaprevir etc, which allow to achieve SVR up to 98% – 100% 
with both interferon-based and interferon-free regimens, are in progress 
(Asselah et al 2013, Gane et al 2013, Zeuzem et al 2013). Pursuing of goals by 
using new classes of antivirals for treatment of CHC, which include improved 
tolerance, high barrier to resistance, pan-genotypic, oral regimen and favorable 
pill burden, short duration and high SVR rate, will be realistic in the near future 
(McGowan et al 2012).  
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4.4. Factors determining treatment response 

4.4.1. Pre-treatment host factors 

Among the pre-treatment factors, ethnicity is associated with treatment respon-
se. Asian patients respond better than patients of other races, with SVR up to 
70% in patients with genotype 1 and 4, about 90% in those with genotype 2 and 
3, and about 80% in those with genotype 6 (Yu et al 2009). Latinos and 
African-Americans have more worser results as compared to Asian and 
Caucasians patients (Melia et al 2011, Rodriguez-Torres 2008).  

Age less than 40 years is associated with favorable treatment response 
(Hadziyannis et al 2004, Bourliere et al 2012). Older patients have a more ad-
vanced liver disease at baseline and higher incidence of adverse events during 
treatment, which lead to premature discontinuation of treatment and lower SVR 
rate (Huang et al 2010). Nevertheless, patients above 50 years of age infected 
with HCV genotype 1, with low baseline HCV RNA viral load and without 
advanced fibrosis, attained SVR rates comparable with those for younger 
patients (Reddy et al 2009). 

Among Asian patients infected with HCV genotype 1, females younger than 
40 years had significantly higher SVR rate than males, treatment results became 
similar at age from 41 to 50 years, and worser at age over 50 (Yu et al 2011). A 
recent real-life European gender-oriented analysis also has failed to demonstrate 
differences in response to PegIFN/RBV therapy between males and females, but 
it has revealed different predictive factors in both gender groups, which could 
contribute to treatment outcomes (Di Marco et al 2013).  

Data about the influence of body mass index (BMI) on treatment response 
are controversial. A recent large European PROPHESYS trial demonstrated that 
lower BMI was significantly associated with higher SVR rate (Marcellin et al 
2012). Obesity (BMI ≥ 30 kg/m2) in patients with CHC was associated with a 
worse response to PegIFN/ RBV therapy and with an increased rate of liver 
steatosis and fibrosis (Hickman et al 2002).  

The presence of advanced liver fibrosis and cirrhosis leads to worser 
treatment response with SVR rates about 51%–31% and 33%–10%, respecti-
vely (Cheng et al 2010, Bruno et al 2010). The underlying mechanisms of this 
are not well understood (D’Ambrosio et al 2012). Liver steatosis has been 
reported as an unfavorable predictor of treatment response to PegIFN/RBV 
(Leandro et al 2006). The frequency of steatosis in chronic HCV infected 
patients was reported to be around 55%, being higher in patients with genotype 
3 infection, in particular (Savvidou et al 2012).  

Pre-treatment levels of liver enzymes can correlate with treatment response 
in HCV-infected patients receiving therapy with PegIFN/RBV. Low pre-
treatment gamma glutamyl transferase (GGT) level has been associated with 
better treatment response (Weich et al 2011). Elevated GGT is supposed to be a 
surrogate marker of advanced fibrosis and high necroinflammatory activity in 
the liver (Silva et al 2004). In contrast, high baseline ALT level is an indepen-
dent predictive factor of better treatment response (McHutchison et al 2009). 
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4.4.1.1. Host genetics 

Several studies have investigated different host genetic factors than can contri-
bute to both the natural history (susceptibility, spontaneous clearance and per-
sistence) and treatment outcomes of HCV infection (Selzner et al 2008, Huik et 
al 2013, Yuan et al 2013). The best studied and recommended for use in clinical 
practice are single-nucleotide polymorphisms (rs12979860 and rs8099917) near 
the IL28B gene on chromosome 19, encoding interferon-lambda-3, which is 
strongly associated with treatment response to PegIFN/RBV in patients infected 
with HCV genotype 1b and to a lesser extent in patients infected with HCV 
genotypes 2 and 3 (Mangia et al 2010, Sarrazin et al 2011). Individuals with the 
CC genotype achieved higher SVR rate as compared to patients with the CT and 
TT genotypes (Ge et al 2009, Par et al 2011, 2014). 
 

4.4.2. Pre-treatment viral factors 

Of the pre-treatment viral factors, virus genotype and viral load are strong 
predictors of treatment response and can determine the duration of antiviral 
therapy (Manns et al 2001, Fried et al 2002, Hadziyannis et al 2004). Of the six 
HCV genotypes found worldwide, genotype 1 is difficult to cure, with SVR 
rates up to 52% (Fried et al 2002, Hadziyannis et al 2004) and even less than 
50% in real-life settings (Mauss et al 2011, Bourliere et al 2012) but up to 80% 
or more for genotypes 2 and 3 (Zeuzem et al 2004). The reasons for this are not 
completely clear.  

Currently, low or high baseline viral load is known as an issue to guide 
treatment decisions (Ghany et al 2009, EASL 2014). Low pre-treatment viral 
load is associated with better treatment response (Marcellin et al 2012). The 
definition of low baseline viral load (LVL) is under discussion, ranging from 
400 000 up to 800 000 IU/ml (Manns et al 2001, Fried et al 2002, Shiffman et al 
2007, Zeuzem et al 2006).  
 
 

4.4.3. On-treatment viral factors 

Undetectable serum HCV RNA at week 4 of therapy, known as RVR, is an 
independent predictor of SVR (Poordad et al 2008). For patients with all 
genotypes, who achieve RVR, the probability of attaining SVR is 88–100% 
(Fried et al 2011). Achievement of RVR together with low baseline viral load is 
a decision point for shortening treatment duration from 48 weeks to 24 weeks in 
about 15% of patients infected with HCV genotype 1 (Zeuzem et al 2006) and 
from 24 to 12–16 weeks in patients infected with HCV genotype 2 and 3 
(Shiffman et al 2007).  

Another important time and decision point is week 12, known as a stopping 
rule for patients infected with HCV genotype 1. The EVR with undetectable 
HCV RNA or a > 2 log10 drop in viral load allows to attain SVR in 68–84% and 
17–29% of genotype 1 patients, respectively (Berg et al 2006). Patients infected 
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with HCV genotype 1 who have failed to achieve EVR should stop 
PegIFN/RBV therapy, because the probability of attaining SVR is very low 
(Fried et al 2002). About 20% of patients infected with HCV genotype 1, (Berg 
et al 2006) determined as “slow” virological responders, i.e. HCV RNA 
detectable at week 12 with > 2log10 decline in viral load and HCV RNA nega-
tive at week 24, may benefit from extended treatment duration from 48 to 72 
weeks (Pearlman et al 2007). Patients infected with HCV genotype 2 and 3 with 
EVR and negative cofactors, like advanced fibrosis or cirrhosis and high 
baseline viral load, can benefit from prolongation of treatment up to 48 and 
even 72 weeks (Hadziyannis et al 2004).  
 

4.4.4. Treatment related factors 

Adherence to PegIFN/RBV therapy is another important issue determining 
treatment outcome. Following the rule, defined as taking no less than 80% of 
the total dose of PegIFN and/or no less than 80% of total RBV dose and/or 
during no less than 80% of the total period of treatment, is crucial for achieving 
SVR (McHutchinson et al 2002). For patients infected with HCV genotype 1b, 
who take less than 60% of each medication SVR rate is only 7.7%, versus 31% 
for those who take more than 60% of each medication (Arase et al 2007).  

Patient education and close cooperation with medical staff in centres with 
higher experience (>15 patients/year treated) and facilities, as well as certain 
host and viral factors (male gender, age, genotype and IFN dosage) allow to 
enhance adherence to therapy with PegIFN/RBV (Tanioka et al 2009).    

 
 

4.4.5. Adverse events of antiviral therapy 

During PegIFN/RBV therapy adverse events (AE), similar equal for both 
PegIFNα-2a and 2b, have been observed. As a result, patients experience im-
paired quality of life (Björnsson et al 2009), they are obliged to reduce the dose 
of drugs and about 10–15% of patients in clinical trials and even a higher 
percentage in real-life settings discontinue antiviral therapy.  

Premature discontinuation leads to significantly lower SVR rate for patients 
compared with those who only reduced medication doses (Arase et al 2007). 
The most common AE are hematologic (anemia, leuco-, neutro- and thrombo-
cytopenia), dermatologic (alopecia, dermatitis, pruritis, injection site reaction), 
neuropsychiatric (depression, polyneuropathy, convulsions), endocrinological 
(hypo- or hyperthyroidism), gastrointestinal (nausea, anorexia, abdominal pain, 
dyspepsia, constipation), pulmonary (cough and/or dyspnea, interstitial pneu-
monitis), cardiovascular (myocardial ischemia), and ocular (retinopathy) (Sul-
kowski et al 2011, Monaco et al 2012).  

Appropriate monitoring and medical management of treatment-related AE 
can enhance SVR rate (Sulkowski et al 2011). Step-down strategy of continuous 
reduction of both PegIFN and RBV until absolute discontinuation is used in the 
case of hematological abnormalities (Ghany et al 2009, EASL 2014). Several 
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adjuvant growth factors, such as epoetin α for treatment of anemia, and 
filgastrim and eltrombopag for treatment of neutro- and thrombocytopenia, 
which can enhance the SVR rate, are in use (Sulkowski et al 2011).  
 

 
4.5. Structural polymorphism within the entire HCV 

NS5A region and treatment response 

The mechanism of resistance to antiviral treatment in patients infected with 
HCV genotype 1 is not thoroughly understood. In order to explain the influence 
of the viral factor on the efficacy of IFN-based therapy, polymorphisms due to 
amino acid substitutions within the non-structural 5A protein (NS5A; aa 1973-
2419) (Figure 4) have been the main focus in a number of studies (Bouzgarrou 
et al 2009, Noguchi et al 2011, Muñoz de Rueda et al 2008, Chayama et al 
2011, Jardim et al 2009, 2013). Currently, these polymorphisms have been 
described in terms of a number of random mutations making the sequence 
divergent from the prototype (Muñoz de Rueda et al 2008, El-Shamy et al 
2008). The prognosis for therapy outcome is suggested to be as good as many 
differences from the prototype are found in the NS5A protein of the viral 
isolate. 
 

 
 
Figure 4. Location of different regions of interest within HCV NS5A protein 
(Copyright permission from the American Society for Microbiology, Sarrazin et al 
2002) 
 
 
The first positive correlation between number of mutations in the interferon 
sensitivity determining region (ISDR; aa 2209-2248) within the NS5A protein 
and SVR rate in Japanese patients infected with genotype 1b was described by 
Enomoto et al in 1995. Thus, patients infected with the wild type ISDR 
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sequence (identical to the prototype Japanese HCV strain, HCV-J) did not 
respond to IFN-based therapy, whereas patients infected with the mutant type, 
defined as four or more amino acid substitutions in this region, achieved SVR. 
Following studies from Japan also confirmed those results (Okanoue et al 2009, 
Watanabe et al 2005, Maekawa et al 2009) while studies from Europe (Veillon 
et al 2004, Kmieciak et al 2006, Brillet et al 2007) and the United States (Nous-
baum et al 2000, Murphy et al 2002) failed to distinguish correlation between 
ISDR mutations and SVR.  

The clinical importance of mutations within the protein kinase-binding do-
main (PKR-bd; aa 2209-2274), was investigated and PKR-independent effects 

of NS5A in the IFN response have been also proposed. Concerning the other 
NS5A regions, significant correlation has been reported between sequence 
variation in the variable domain (V3; aa 2356-2379) or its upstream region near 
the carboxy terminus of NS5A, referred to as the IFN/RBV resistance-
determining region (IRRDR; aa 2334-2379), and response to INF based therapy 
(Duverlie et al 1998, Murphy et al 2002, Sarrazin et al 2002, Hofmann et al 
2005). The mean number of aa substitutions in the V3 region and in IRRDR 
was significantly higher for HCV isolates obtained from SVR patients 
compared with non-SVR patients (El-Shamy et al 2008). The significance of 
these mutations has been also confirmed by studies carried out in different 
populations of different countries (Kumthip et al 2011, Yano et al 2012). 

Treatment response may be associated also with some specific aa sub-
stitutions of NS5A. Thus, it has been demonstrated that patients infected with 
HCV genotype 1b who had aa mutations in NS5A at positions 2209, 2216, 
2217, 2218, 2227, 2360, and 2378 (according to the numeration of the HCV-J 
prototype strain) achieve SVR more frequently than those without mutations at 
these positions (Kohashi et al 2006, Muñoz de Rueda et al 2008, El-Shamy et al 
2008, Noguchi et al 2011). 

But the influence of HCV intragenotypic variability on the combination 
treatment outcome has not been completely understood so far.  
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5. AIMS OF THE STUDY 

The main objective of the study was to assess the efficacy of PegIFN/RBV the-
rapy in Estonian treatment-naïve patients with CHC in relation to different host 
and viral factors, including polymorphisms within the entire NS5A region of the 
HCV genome.  
 
The aims of the study were:   
1. To study the efficacy of peginterferon alfa-2α and ribavirin therapy in 

treatment-naïve patients with chronic hepatitis C genotype 1 and 3 infections 
(Paper I and II). 

2.  To determine pre-treatment and on-treatment host and viral factors as-
sociated with peginterferon alfa-2α and ribavirin therapy outcome in chronic 
hepatitis C genotype 1b patients (Paper III). 

3.  To assess the genetic variability of the non-structural (NS5A) protein of the 
HCV and its association with peginterferon alfa-2α and ribavirin therapy 
outcome in chronic hepatitis C genotype 1b patients (Paper IV). 
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6. MATERIALS AND METHODS 

6.1. Study subjects 

The study population consisted of the treatment-naïve monoinfected patients 
with chronic hepatitis C referred to a gastroenterologist of the Internal Medcine 
Clinic of West-Tallinn Central Hospital (WTCH) between February 2005 and 
March 2011. 

The enrollment of the studied patients is presented in the flow chart (Figure 
5).  

 

Treatment-naive patients 
with CHC, n=130

Treatment-naive patients 
with CHC (n=121):
- genotype 1b, n=76
- genotype 3a, n=45 

Treatmen-naive
patients with CHC, 
genotype 2a/2c,
n=9

Treatment-naive patients with 
CHC genotype 1b, n=76

Patients lost to 
follow-up with CHC
genotype 1b, n=7

Treatment-naive 
patients with CHC,
genotype 1b, n=7

Febr. 2005

Sept. 2010

March 2011
Genetic samples from patients 

with CHC genotype 1b,
n=29

Study 1

Study 2

Study 3

excluded

excluded

included

 
Figure 5. Flow chart of the studied patients. 

 
Additionaly, we present one case report exemplifying relationship between 
systemic sarcoidosis and chronic hepatitis C in a patient infected with HCV 
genotype 1b from study 1. 

The diagnosis of CHC was based on the presence of anti-HCV antibodies 
and HCV RNA in the sera, histologically verified fibrosis stage and degree of 
inflammatory activity and clinical follow-up.  

The exclusion criteria for treatment were age <18 years, chronic alcohol in-
take, decompensated cirrhosis, current injection drug use, depression, co-in-
fections with HIV and HBV, and severe comorbidities (poorly controlled hyper-
tension, heart failure, diabetes and chronic obstructive pulmonary disease).  

The treatment decision and further management of patients were conducted 
according to the Estonian National Guidelines on the treatment of CHC.  

Written informed consent for the use of clinical data and serum samples was 
obtained from all patients prior to the study.  

The study was approved by the Tallinn Medical Research Ethics Committee, 
protocol No.1130. 



30 

6.2. Study methods 

6.2.1. Laboratory and clinical investigations 

Complete blood count, ALT, AST, GGT, ALP, bilirubin, TSH, and autoanti-
bodies (ANA, AMA M2, ASMA, LKMA) were measured before the start of 
therapy. Complete blood count and liver enzymes were measured in the blood 
taken from the cubital vein every four weeks during the treatment period and 
TSH was measured at weeks 12, 24, 36 and 48. Blood tests were performed in a 
clinical laboratory at WTCH.  

Patient’s height and weight were measured and body mass index (BMI) 
before treatment was calculated. Antibodies to HCV in serum prior to treatment 
were determined by a Abbott HCV EIA 2.0 (Abbott Laboratories, Abbott Park, 
IL) enzyme immunoassay before 2010 and thereafter by the electrochemi-
luminescence immunoassay Anti – HCV II test (Roche Diagnostics GmbH). 
Serum HCV RNA level before therapy and at weeks 4, 12, 24, and at the end of 
therapy at 24 or 48 weeks, and 24 weeks after treatment were analysed by a 
quantitative PCR assay. The COBAS Amplicor HCV Monitor version 2.0 test 
(lower detection limit of 50 IU/ml) was used in 2005–2009 and the COBAS® 
AmpliPrep/COBAS® TaqMan HCV test (lower detection limit of 15 IU/mL, 
the linear range of the assay 43 to 69,000,000 IU/mL) was used from 2010.  

HCV genotypes were determined by the hybridization technique using a 
VERSANT HCV genotype assay (LiPA), Bayer Health-Care LLC, Tarrytown, 
NY.  

Antibodies to HCV, HCV RNA measurements and the genotyping assays 
were performed in the Laboratory of HIV Diagnostics of WTCH. 

During clinical visits physical examination was performed with evaluation of 
adverse events and use of concomitant medications.  
 
 

6.2.2. Transcutaneous liver biopsy and histology 

Ultrasound-guided transcutaneous liver biopsy was performed to all patients at 
baseline by the author of the thesis at the Department of Radiology of West-
Tallinn Central Hospital. 

Liver biopsies were assessed by using Metavir score in Pathology Centre of 
North Estonia Medical Centre. Stage of fibrosis was scored as follows: F0, no 
fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with rare septa; F3, 
numerous septa without cirrhosis, and F4, cirrhosis. Degree of inflammation 
was scored from 0 to 3 with A0 representing absent activity, A1 minimal, A2 
moderate and A3 severe activity (Bedossa et al 1996). 

 
 

6.2.3. HCV RNA extraction and cDNA synthesis 

HCV RNA was extracted from 200 μl of pre-treatment serum using the TriPure 
isolation reagent (Roche Diagnostics GmbH, Mannheim, Germany) according 
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to the manufacturer’s recommendations. The extracted RNA was reverse 
transcribed and amplified for full-length NS5A using SuperScript III reverse 
transcriptase (Invitrogen, Waltham, USA) and random primers (Fermentas, 
Vilnius, Lithuania) according to the manufacturer’s instructions.  
 

 
6.2.4. Entire NS5A amplification, sequencing and  

phylogenetic analysis 

The entire NS5A gene (1341nt/ 447 amino acids; aa) was amplified with 
external primers 5’-ATGAACCGGCTGATAGCGTT-3’ and 5’-CTCCTTGAG 
CACGTCCCGGT-3’ and internal primers 5’-TCCCCCACGCACTATGTGCC-
3’and 5’-CGGTARTGGTCGTCCAGGAC-3’. The PCR products were se-
quenced directly with the PCR internal primers used for amplification and 
primer 5’-ATTCCAGGTCGGGCTCAA-3’. The obtained sequences were 
edited with the BioEdit v7.0.8.0 software and aligned with the NS5A region of 
HCV-J prototype for genotype 1b (GenBank accession number D90208) with 
the ClustalW multiple alignment utility. Phylogenetic analysis was carried out 
using the MEGA software (http://www.megasoftware.net) using the Kimura-2 
parameter model. The phylogenetic tree was constructed by the maximum like-
lihood (ML) method using the MEGA 5.2 program. Bootstrap analysis was 
performed on 1000 replicates.  

All sequences reported herein were deposited in the National Center for 
Biotechnology Information (NCBI) GenBank nucleotide sequence databases 
with accession numbers JX022751-JX022779.  
 
 

6.3. Peginterferon alfa-2a and ribavirin treatment 

Treatment of the study patients was conducted by the author of the thesis in 
accordance to National Guideline on the treatment of CHC. All patients, de-
pending on the genotype, were administered 24 or 48 weeks of SOC.  

PegIFN alfa-2a/PegIFN (Pegasys, F. Hoffmann La Roche Ltd, Basel, 
Switzerland) was administered at a dosage of 180 μg/week. The RBV (Co-
pegus, F. Hoffmann La Roche Ltd, Basel, Switzerland) was given per os at a 
dosage of 1200 mg/day or 1000 mg/day, depending on body weight (above or 
below 75 kg), to patients infected with genotype 1b; and at a fixed dosage of 
800 mg/day, regardless of body weight, to patients infected with genotype 3a. 
Response-guided treatment algorithms for patients infected with HCV geno-
types 1b and 3a are presented in Figures 6 and 7.  

Before starting antiviral therapy a nurse demonstrated to all patients how to 
inject subcutaneously PegIFN. 
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Week 0                        Treatment with Pegasys  180 μg s/c once weekly
plus Copegus 1200 mg/day (>75 kg) or 1000 mg/day (≤75 kg)

Week 4                        HCV RNA negative                  HCV RNA positive

Week 12                      HCV RNA negative                 HCV RNA positive
if < 2 log drop           stop therapy 
if > 2 log drop

Week 24                                        HCV RNA negative HCV RNA positive        stop therapy
if LVL        

stop therapy EOT

Week 48 EOT                   HCV RNA negative                  HCV RNA positive            NR

Week 72                            HCV RNA negative          SVR HCV RNA positive            RL

 
Figure 6. Treatment algorithm for patients infected with HCV genotype 1b. Adopted 
from the Estonian National Guidelines on treatment of CHC, 2007, 2010. 

Week 0                                 Treatment with Pegasys 180 μg once weekly
plus Copegus 800 mg pro die independently of weight

Week 4                                HCV RNA negatiivne        HCV RNA positive

if LVL             if LVL

Week 16  EOT        HCV RNA negative     

Week 24 EOT                                        HCV RNA negative                   HCV RNA postive       NR

Week 48                                                HCV RNA negative                    HCV RNA positive

SVR                                              RL

 Figure 7. Treatment algorithm for patients infected with HCV genotype 3a. Adopted 
from the Estonian National Guidelines on treatment of CHC, 2007, 2010.  
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Modifications and changes in PegIFN alfa-2a doses were made according to 
recommendations of the product manufacturer in the face of appearance of 
blood abnormalities and adverse events during antiviral therapy. If the value of 
leucocytes appeared to be below 1.5 × 109/l, the value of neutrophils below  
0.75 × 109/l and the value of platelets below 50x109/l the dose of PegIFN alfa-
2a was reduced to 90 μg/week. When blood abnormalities progressed with 
leuco- neutro- and thrombocytopenia below 1.0 × 109/l, 0.5 × 109/l and 25 × 
109/l, respectively, treatment was stopped.  

The dose of RBV was modified according to recommendations of the pro-
duct manufacturer depending on the hemoglobin (Hgb) profile: if Hgb level fell 
below 100 g/l the RBV daily dose was reduced to 600 mg/day and stopped if 
the Hgb level was below 85 g/l. Also the doses of both medications were 
modified and even stopped if the studied patients experienced adverse effects or 
intolerance of antiviral therapy. Treatment outcomes were assessed as SVR, 
non-response and relapse.  
 
  

6.4. Statistical analysis 

For statistical analysis, the χ2 test, Fisher’s exact test and Student’s t-test were 
used. A two-tailed P value of less than 0.05 was considered statistically signi-
ficant. 

Quantitative variables are expressed as mean ± SD. 
Both univariate (Paper III) and multivariate (Paper I) logistic-regression ana-

lyses with calculations of odds ratios (OR) and confidence intervals (CI) were 
performed to explore the baseline factors that could predict the treatment 
outcomes.  

Confidence intervals (CI) are 95% (Paper I, III, IV). 
Comparisons between the groups were made by the Student’s t-test or the 

Mann-Whitney test for quantitative variables and the chi-square or Fisher’s 
exact test for categorial variables. 

Correlation between the variables was estimated by Pearson’s or Spearman’s 
coefficients of correlation (Paper IV). 
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7. RESULTS 

7.1. Efficacy of PegIFN alfa-2a and RBV treatment in 
patients with genotypes 1b and 3a (Papers I and II) 

To estimate the efficacy of PegIFN alfa-2a and RBV therapy in Estonian 
treatment-naïve patients with CHC, a total 121 outpatients aged 19–63 years (76 
infected with HCV genotype 1b and 45 with genotype 3a, mean age 42.7 vs 
35.1 years, respectively, p<0.01) were enrolled in the study (see the flow chart 
in Figure 5).  

At baseline, the viral load in 75.2% (91/121) of the patients was higher than 
600 000 IU/ml. Histologically, 88.4% (107/121) of the patients had fibrosis 
score F0 – 2, 11.6% (14/121) had advanced fibrosis, F3-4 (Paper I, Table 1).  

The overall SVR rate in this setting was 60.3%, being statistically lower in 
patients with HCV genotype 1b, as compared with genotype 3a patients, 46.1% 
(35/76) vs. 84.4% (38/45), respectively, (p=0.0004).  

The overall non-response and relapse rates were 13.2% (16/121) and 12.4% 
(15/121), respectively, being significantly higher for patients infected with 
genotype 1b compared with patients infected with genotype 3a 19.7% (15/76) 
vs. 2.2% (1/45), p=0.01 and 17.1% (13/76) vs. 4.4% (2/45), p=0.04, respect-
tively (Table 2). 
 
 
Table 2. Responses to combination therapy with peginterferon and ribavirin in the study 
patients. 
 

Treatment  
outcomes 

Genotype 1b, 
n = 76 

Genotype 3a, 
n = 45 

All patients, 
n = 121 

p-value* 

SVR, n (%) 
 
 

 35 (46.1) 38 (84.4) 73 (60.3)  0.0004 

Non-response, n (%) 
 

15 (19.7) 1 (2.2) 16 (13.2)    0.01 

Relapse, n (%) 
 
 

13 (17.1) 2 (4.4) 15 (12.4)    0.04 

Discontinued treatment, 
n (%) 

13 (17.1) 4 (9.0) 17 (14.1)    0.282 

 
 
In the present study patients with the viral load below 600 000 IU/ml had higher 
SVR as compared to patients with the viral load above 600 000 IU/ml, 73.3% 
(22/30) vs. 57.4% (35/61), respectively, but the difference did not reach signi-
ficance (p=0.25). Nor was there found significant correlation of SVR with base-
line levels of HCV RNA depending on the genotype (p=0.33).  
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The SVR rate was higher in patients younger than 40 years compared with 
older patients (> 40 years), 76.4% (42/55) vs. 47.0% (31/66), regardless of the 
genotype (p<0.01).  

Allthough females had higher SVR rate than males, 68.7% (33/48) vs. 54.8% 
(40/73), respectively, the difference between the genders was not statistically 
significant (p=0.13). 

The SVR rate for the studied patients with the fibrosis score 0-1 and for the 
patients with the fibrosis score 2-3 did not differ significantly, being 64.8% 
(59/91) and 66.7% (14/21), respectively (p=0.09). None of the studied patients 
with cirrhosis (F4), eight patients infected with genotype 1b and one patient 
with genotype 3a, achieved SVR. 

To determine the independent predictors of achieving SVR, such factors, 
like genotype, age, viral load, stage of fibrosis, and gender, were analysed by 
multivariate logistic regression analysis. It revealed only two factors that 
increased the odds of achieving SVR independently and significantly: HCV 
genotype 3 (OR 6.359; CI 2.525−16.017, p<0.0001) and patient’s age 40 years 
or less (OR 0.274; CI 0.125−0.603, p=0.0014). Such variables as pretreatment 
viral load, fibrosis score or male gender did not correlate significantly with SVR 
rate, according to this analysis.  

In our study 96.7% (117/121) of the patients experienced several adverse 
events shown in Table 3. 
 
 
Table 3. Adverse events in the studied patients during PegIFN/RBV therapy 
 

 Genotype 1, 
n = 76 

Genotype 3. 
n = 45  

All patients, 
n = 121 

p-value  

Fatigue, n (%) 70 (92.1) 39 (86.7) 109 (90.1) 0.359 
Leucopenia, n (%) 61 (80.2) 35 (77.8) 96 (79.3) 0.878 
Neutropenia, n (%) 64 (84.2) 32 (71.1) 96 (79.3) <0.05 
Anaemia, n (%) 31 (40.8) 12 (26.7) 43 (35.5) <0.05 
Depression, n (%) 19 (25.0) 11 (24.4) 30 (24.8) 0.563 

 
 
Patients infected with genotype 1b experienced more often adverse events than 
patients infected with genotype 3a, but only neutropenia and anaemia differed 
significantly, 84.2% (64/76) vs. 71.1% (32/45), p<0.05 and 40.8% (31/76) vs. 
26.7% (12/45), p< 0.05, respectively. However, as adverse events were ge-
nerally mild and the rate of treatment discontinuation was therefore low, they 
did not influence significantly SVR rate.  

Seventeen patients out of 121 (14.0%) discontinued antiviral treatment. 
Eight patients, of these 7 with genotype 1b and one with 3a genotype, stopped 
treatment because of adverse events. Nine patients (7 with genotype 1b and 2 
with genotype 3a) were lost to follow-up for various reasons at different weeks 
(4 weeks to 48 weeks) of antiviral therapy.  
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Adherence to PegIFN/RBV therapy, as assessed on the basis of self-reports 
during visits, was high, only thirteen of the 76 patients (17.1%) infected with 
HCV genotype 1b required dose reduction in PegIFN alfa-2a and/or RBV be-
cause of adverse events.  

Nevertheless, nine of them (69%) followed the rule of 80% (McHutchinson 
et al 2002) and achieved SVR (Figure 8).  

Neutropenia below 0.75 × 109/l and haemoglobin level <100 g/l were the 
main reasons for dose reduction in both medications.  

13 patients infected with HCV genotype 1b, who reduced
the doses of PegIFN and/or RBV

3 patients, who discontinued treatment prematurely            SVR
(1 at week 24 and 2 at week 44)

6 patients, who continued treatment until the end                 SVR

3 patents, who stopped treatment earlier                               NR
(2 at week 12 and 1 at week 48) 

1 patient, who discontinued treatment                             lost to
because of intolerance of therapy                                    follow-up

 

Figure 8. Flow chart of the patients infected with HCV genotype 1b, who reduced the 
doses of PegIFN and/or RBV.  
 
 
Out of the 121 study patients, extrahepatic manifestations were diagnosed only 
in two of them: one had mixed cryoglobulinemia and the other had systemic 
sarcoidosis. A 25-year-old man, infected with HCV genotype 1b, and with 
moderately elevated liver enzymes was referred to the gastroenterologist at the 
WTCH in March 2009. Antiviral treatment was offered, but the patient decided 
to start it later. Four months later, there developed pulmonary symptoms and 
erythema nodosum of the left leg. Computer tomography (CT) scans of the 
chest showed mediastinal and hilar adenopathy and focal lesions in the right 
upper lung lobe. Transbronchial biopsy of pulmonary lymph nodes revealed 
epithelioid cell granulomas. Systemic sarcoidosis was diagnosed and corti-
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costeroid treatment with prednisolone 20 mg orally was started. After one 
month of corticosteroid therapy the skin lesions disappeared and the patient dis-
continued treatment by himself. Three months later transcutaneous liver biopsy 
was done which revealed hepatic granulomas. Chronic hepatitis C with co-
existence of pulmonary and hepatic sarcoidosis was diagnosed. The patient 
started and completed a 48-week course of PegIFN/RBV therapy. The patient 
achieved SVR with no reactivation of systemic sarcoidosis. Transcutaneous 
liver biopsy performed 5 months after SVR showed no remnant granulomas 
specific for sarcoidosis.  
 
 

7.2. Predictors of treatment response in patients infected 
with HCV genotype 1b (Paper III) 

7.2.1. Baseline host and viral factors and treatment response 

Pre-treatment and on-treatment host and viral factors that are associated with 
PegIFN/RBV therapy outcome in 76 treatment-naïve patients, 44 males and 32 
females, mean age of 43.0 years, with chronic hepatitis C genotype 1b, were 
described in Paper III. The baseline characteristics of the studied patients are 
shown in Table 1 (Paper III).  

According to treatment response, 38 (50%) out of the 76 studied patients 
achieved SVR, whereas the remaining 38 (50%) patients did not and were 
referred to as non-SVR. Of the non-SVR patients 18 (23.7%) were non-
responders (NR), i.e. patients in whom serum HCV RNA level remained stable 
during treatment, and 15 (19.7%) were relapsers (RL), i.e. patients who sero-
reverted to HCV RNA during 6 months of follow-up. All patients with SVR and 
8 of the 15 (53.3%) RL patients achieved complete EVR, while only 6 of the 18 
(30%) NR and 7 (46.7%) of the RL achieved partial EVR. Five (6.6%) of the 76 
studied patients stopped treatment due to adverse events.  

Five baseline parameters that were associated significantly with high SVR 
rate were identified by univariate logistic regression analysis: age below 40 
years (OR 0.9521; CI 0.9108 – 0.9953, p = 0.0302), normal platelet count (OR 
1.0115; CI 1.0029 – 1.0201, p = 0.0084), normal GGT level (OR 0.9901; CI 
0.9804 – 0.9999, p = 0.0469), absence of or mild and moderate stages of liver 
fibrosis (OR 0.6233, CI 0.4250 – 0.9143, p = 0.0156), and absence of or mild 
inflammatory activity (OR 0.5404, CI 0.3272 – 0.8925, p = 0.0162).  

However, the other factors, like patient gender, BMI, viral load and ALT 
levels were not associated with treatment outcomes in our study (Table 4). 
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Table 4. Comparison of the baseline features in the patients with sustained virological 
response (SVR) and non-SVR. 
 

 SVR (n = 38) Non-SVR (n = 38) P 
Gender, n (%) 
Males  
Females 
 

 
22 (57.9)  
16 (42.1)  
 

 
22 (57.9)  
16 (42.1)  
 

 
1 
 

RVR vs nonRVR 6/17 2/17 0.258 
Age, n (%) 
Mean ± SD 
< 40 yrs 
> 40 yrs 
 

 
39,7±12,0 
17 (44.7)  
21 (55.3)  

 
 46.1±9.6 
 7 (18.4)  
31 (81.6)  

 
0.012 
0.025 
 

BMI, n (%) 
Mean ± SD 
≤ 25 kg/m2 

> 25 kg/m2 

 

 
25.8±4.3 
18 (47.4)  
20 (52.6)  

 
27.5±5.3 
12 (31.6)  
26 (68.4)  

 
0.121 
0.240 
 

Viral load, n (%) 
Mean±SD-log10 IU/ml 
≤ 0.6 mln. IU/ml 
> 0.6 mln. IU/ml 

 
5.98±0.49 
10 (26.3) 
28 (73.7) 

 
6.15±0.45 
  6 (15.8) 
32 (84.2) 
 

 
0.399 
0.136 

Fibrosis, n (%) 
F 0 – 2 
F 3 – 4 
 

 
36 (94.7)  
  2   (5.3)  

 
27 (71.1)  
11 (28.9)  

 
0.012 
 

Inflammation activity,  
n (%) 
0 –1 
2 
3 

 
 
  9 (23.6)  
21 (55.3)  
  8 (21.1)  

 
 
  8 (21.1)  
  8 (21.1)  
22 (57.8)  
 

 
 
0.002 
 

PLT, × 109 U/L 
Range 
Mean±SD 
 

 
128-400 
245.1±61.4 

 
83-361 
205.3±58.5 

 
 
0.005 

ALT, n (%) 
Mean ± SD, U/l 
≤ 42 U/l 
> 42 U/l 
 

 
103.8±100.7 
  5 (13.2)  
33 (86.8)  

 
91.8±54.9 
  8 (21.1)  
30 (78.9)  

 
0.250 
0.544 
 

GGT, n (%) 
Mean ± SD, U/l 
≤ 61 U/l 
> 61 U/l 
 

 
50.4±45.0 
25 (80.6)  
  6 (19.4)  

 
91.7±91.6 
16 (51.6)  
15 (48.4)  
 

 
0.028 
0.031 
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The studied variables were then analysed by multivariate logistic regression ana-
lysis, which revealed less significant power of association between them and 
SVR. 

In order to find out the predictors of treatment response, the baseline host 
and viral characteristics for patients with different treatment responses were 
analysed.   

It was found that the NR patients were significantly older (48.3±7.8 years vs. 
39.7±12.0 years, p=0.008), more overweight (28.3±7.8 kg/m2 vs. 25.8± 
4.3 kg/m2, p<0.05), had a more severe stage of fibrosis (F3–4) (38.9% vs. 5.3%, 
p=0.031), and a higher degree of inflammation (77.8% vs. 21.1%, p=0.0002), 
lower platelet count (205.3±66.0×109 U/L vs. 245.1±61.4×109 U/L, p=0.031), 
and higher GGT levels (76.9% vs. 19.4%, p<0.001) compared with the SVR 
patients.  

High grade of inflammatory activity 77.8% vs. 33.4% (p=0.038) and higher 
GGT levels, 76.9% vs. 30.8% (p=0.047) prevailed significantly in the NR in 
comparison with the RL.  

There were no significant differences in the characteristics between the SVR 
and RL patients, while the NR patients differed significantly from the SVR 
patients practically in terms of all studied parameters.  
 

7.2.2. On-treatment host and viral factors and treatment response 

Changes of the on-treatment host factors and changes of the viral load between 
the groups of patients (SVR vs. NR, SVR vs. RL, NR vs. RL) at weeks 4 and 12 
were analysed (Paper III, table 2).  

The SVR patients had a more pronounced decrease of the viral load at weeks 
4 and 12 as compared to both the non-responders and the relapsers (–3.59 and  
–5.98 log10 IU/ml, respectively, p<0.01). Similarly, the RL had a more sig-
nificant decrease of the viral load compared to the NR (–4.89 log10 IU/ml and  
–1.62 log10 IU/ml, respectively, p<0.01) (Figure 9).  
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Figure 9. Viral kinetics of the study patients at baseline, weeks 4 and 12. 
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The other parameters such as ALT (p=0.002) and Hgb (p=0.05) levels, leuco-
cyte (p=0.02), and neutrophil (p=0.018) counts were significantly higher for the 
NR patients compared to the SVR and RL patients at week 12. There were no 
differences in these parameters between the SVR, NR and RL patients at week 
4. 
 

7.3. Amino acid polymorphisms within the entire HCV 
NS5A region and treatment response (Paper IV) 

7.3.1. Baseline characteristcs of patients and treatment response 

Twenty-nine pre-treatment serum samples out of 76, obtained from patients 
infected with HCV genotype 1b (Paper III) were analysed for nucleotide and 
amino acid sequences. 

Among the 29 patients enrolled in the study, 18 were male and 11 female 
aged 19 to 60 years, mean age 41.5 years. At baseline, the viral load of 89.7% 
(26/29) of the patients was higher than 600 000 IU/mL. Seventy nine percent 
(23/29) of the patients had fibrosis (F) score 0–2. 

Out of all patients 12 (41.4%) achieved SVR, 15 (55.6%) failed to achieve 
SVR and were referred to as non-SVR. Of the non-SVR patients eight (53.3%) 
were referred to as NR and seven (46.7%) patients were denoted as RL. During 
follow-up two patients stopped treatment because of side effects. The baseline 
characteristics of the patients and the response to therapy are summarized in 
(Paper IV, Table 1). 

The baseline characteristics of the SVR and non-SVR patients were similar 
and did not differ significantly. However, patients with SVR in comparison with 
non-SVR patients were younger (39.4±12.7 years vs. 45.6±9.5 years), had 
higher ALT (123.8±151.7 U/l vs. 73.9±U/l) and lower GGT (58.9±55.2 U/l vs. 
105±120.2 U/l) levels, respectively. 
 
 

7.3.2. NS5A polymorphisms and response to combination therapy 

Overall, 29 complete NS5A sequences were proof-read twice by both strands, 
aligned, translated into proteins according to the universal code and compared 
to the reference strain HCV-J genotype 1b, accession number D90208. 

According to the classification by Enomoto et al. (1995), 17.2% (5/29) of the 
studied patients were infected with wild-type ISDR IFN resistant strains (0 
mutations), and 82.8% (24/29) of the patients were infected with intermediate 
type ISDR strains (1-3 aa mutations). None of the patients was infected with a 
mutant type strain (≥ 4 mutations). 

Examination of baseline aa sequences did not reveal statistically significant 
associations between the mean number of amino acid substitutions and 
treatment response either in the PKR-bd including ISDR, V3 or IRRDR regions, 
or in the entire NS5A for the SVR and non-SVR patients including those with 
EVR and non-EVR.  
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Specific amino acid substitutions were found at some positions depending on 
the treatment response (Paper IV, Figure 3). 

Sequence analysis of the cytoplasmic retention signal (CRS; aa 1973–1999) 
at aa position 1979 revealed D (Aspartic acid) in 91.7% (11/12) of the SVR 
patients, instead of E (Glutamic acid) in 62.5% (5/8) of the NR patients 
(p=0.018). Threonine (T) at aa position 1989 was found in 66.7% (8/12) of the 
patients with SVR, instead of Serine (S) in 75% (6/8) of the NR patients 
(p=0.028). Twenty five percent (3/12) of the patients with SVR, 14.3% (1/7) of 
the RL patients and 50% (1/2) of the ST patients carried the aa substitution 
V2333I in the nuclear localization signal (NLS; aa 2326-2334), but no corre-
lation of this mutation with therapy outcome was statistically significant 
reliable. 

Additionally, aa substitutions at the other three positions throughout the 
NS5A protein were identified for 62.5% (5/8) of the NR patients, among them 
T2107A (p=0.004), V2382A (p=0.004), and less statistically significant 
L2171V (p=0.06).  

In our study Arginine (R) at position 2283 was present in 9/12 (75%) of the 
patients with SVR, and was significantly correlated with viral loads below 
1,000,000 IU/mL (CI 35.4–84.8%; p < 0.05), instead of Proline (P) in 12/15 
(80%) of the non-SVR patients, which correlated significantly with viral loads 
higher than 1,000,000 IU/ mL, (CI 44.4–85.7%; p < 0.05). T at aa position 2319 
was found in 100% of the SVR patients (12/12), instead of Alanine (A) in 
57.1% (4/7) of the relapse patients (p=0.009). T was also found in 42.8% of the 
remaining relapsers. Amino acid substitutions throughout the NS5A protein in 
two ST patients were similar to those in SVR patients. 
 

 
7.3.3. Phylogenetic analysis 

Twenty-nine full-length NS5A nt sequences were used for phylogenetic 
analysis by ML method (Paper IV, Figure 4). 

The analysed sequences exhibited 92–94% maximal identity with HCV 1b 
strains from Japan, USA, Taiwan, China, France, Australia, Denmark, Switzer-
land, and Germany (Figure 10). 

According to the results of phylogenetic analysis, 24 group-specific nt po-
sitions were identified (Paper IV, Table 2). All of the identified nt poly-
morphisms were translated into aa. Within each subgroup there were found 
essential aa substitutions common for patients with SVR, NR and RL. Thirteen 
nt mutations were silent, but eleven nt mutations caused group-specific aa 
polymorphisms (Paper IV, Table 3). Three of these were found in the V3 
region, one in the NLS, one in the CRS region, and six occured in the non-
classified region.  
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Figure 10. Phylogenetic tree, constructed by using the neighbor joining method, based 
on the analysis of 36 complete NS5A regions for HCV subtype 1b strains and 28 
sequences from GeneBank. The sequences of isolates from GeneBank are indicated 
according to accession numbers. Bootstrap values were obtained from 1000 replicates. 
SVR (blue) – patients, who achieved SVR, NR (green) – nonresponders, RL (red) – 
relapsers. 
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8. DISCUSSION 

8.1. Efficacy of antiviral treatment in patients with 
genotypes 1b and 3a (Papers I and II) 

The results of our study with higher (84%) SVR rate in genotype 3 and lower 
(46%) in genotype 1 patients are consistent with the results of international 
clinical and real-life settings trials, which demonstrated SVR rates of 40–52% 
for patients infected with HCV genotype 1 and over 80% for patients infected 
with HCV genotype 3 (Manns et al 2001, Fried et al 2002, Hadziyannis et al 
2004, Mauss et al 2011, Marcellin et al 2012). The reasons for this discrepancy 
are not completely clear. It may be explained by differences in viral kinetics: 
viral clearance in patients with genotype 1, who are IFN responders, is slower 
than in those infected with the other genotypes (Neumann et al 2000, Zeuzem et 
al 2001). On the other hand, differences in response to treatment are suggested 
to be explained by genetic variability between genotypes with the appearance of 
drug resistant HCV strains (Cannon et al 2008). Despite the fact that SVR(12) 
rates determined at week 12 after the end of treatment are comparable to 
standard SVR rate determined at week 24 after the end of treatment, the latter 
remains the gold standard for assessment of treatment efficacy (Martinot-
Peignoux et al 2010). In our study we used SVR determined at week 24 after 
the end of treatment.  

Several studies demonstrated that patients with a low viral load regardless of 
the genotype can achieve higher SVR compared to those who had a higher viral 
load (Navaneethan et al 2009). Although our study patients with the viral load 
below 600 000 IU/ml had higher SVR compared with patients with the viral 
load above 600 000 IU/ml, 73% and 57%, respectively, the difference did not 
reach significance (p=0.25). Nor was there found significant correlation 
between SVR and baseline levels of HCV RNA, depending on the genotype, 
either. These discrepancies may be explained in part by the fact that the cut-off 
level of low viral load is not well defined, it is variable, from 400 000 up to 
800 000 IU/ml (Manns et al 2001, Fried et al 2002, Shiffman et al 2007, 
Zeuzem et al 2006). The cut-off level set by us failed to demonstrate significant 
difference in treatment response. Nor did further statistical analysis reveal 
significant correlation between viral loads of 400 000 IU/ml and 800 000 IU/ml 
and SVR rates (p=0.1). We suggest that other factors, like genetic variability of 
the HCV genome, may be of importance.  

Our results confirm that younger age of patients is a strong predictor of 
treatment response (Saludes et al 2010, Marcellin et al 2012). Thus, SVR rate in 
the studied patients aged below 40 years was significantly higher as compared 
with that in the older patients, 76% vs. 47% (p=0.0014), respectively.  

In spite of the fact that in our study female patients showed higher SVR rate 
than male patients (69% vs. 55%, respectively), the difference was not signi-
ficant. Our finding is in line with the results of other similar studies, which also 



44 

failed to demonstrate significant difference between SVR rate and gender (Yu et 
al 2011, Di Marco et al 2013).  

Advanced fibrosis and cirrhosis, due to morphological changes in the liver 
that prevent optimal interactions between PegIFN/RBV treatment components 
and hepatocytes, predispose to worse treatment response (Cheng et al 2010, 
Bruno et al 2010, D’Ambrosio et al 2012). Our study failed to demonstrate 
association between stage of fibrosis and treatment outcomes in patients with 
fibrosis F0-1 and F2-3. However, none of the studied patients with compensated 
cirrhosis (F4), eight patients infected with genotype 1b and one patient with 
genotype 3a, achieved SVR. At the same time, the small number (9/121) of 
such patients did not allow us to make any relevant conclusion.  

It was shown that during antiviral therapy about 75% of patients may 
experience one or more systemic side effects and 10 to 16% of them are obliged 
to discontinue treatment due to adverse events (Arase et al 2006, McHutchison 
et al 2009). In our study 97% of the patients experienced several side effects 
with fatigue, different hematologic abnormalities and depression as the most 
prevalent ones. However, adverse events were generally mild, therefore the rate 
of treatment discontinuation was low (14%) and did not influence significantly 
SVR rate.  

In spite of the fact that 13 out of the 76 (17%) studied patients infected with 
HCV genotype 1b required dose reduction of PegIFN alfa-2a and/or RBV 
because of adverse events, adherence to treatment was rather high and did not 
affect treatment response. Moreover, nine of these patients who were obliged to 
reduce the doses of PegIFN and/or RBV achieved SVR.  

We suppose that the strict inclusion criteria of the present study (Study 
Methods) allowed the patients to be in compliance with PegIFN/RBV treatment.  

One third of patients can have extrahepatic manifestations (EHM), including 
sarcoidosis as the first symptom of CHC (Cacoub et al 2000). In the present 
study HCV 1b genotype-infected patient with systemic sarcoidosis with lung, 
liver and skin involvement was diagnosed and successfully treated with 
PegIFN/RBV at standard doses for 48 weeks. The patient achieved SVR with 
no reactivation of systemic sarcoidosis. In about 75% of cases systemic 
sarcoidosis is described as interferon-induced during the treatment of chronic 
hepatitis C (Ramos-Casals et al 2005). Presenting here our case-report of CHC 
and systemic sarcoidosis unrelated to antiviral therapy, we, like Bonnet and co-
authors (2002), speculate that HCV per se could be an antigenic trigger for 
development of sarcoidosis. We suppose that due to persistent antigenic sti-
mulation caused by chronic HCV infection, systemic sarcoidosis may present as 
an EHM of chronic hepatis C. Achievement of SVR, disappearance of liver 
granulomas at the second liver biopsy and no reactivation of systemic 
sarcoidosis confirmed our suggestion. A few cases of EHM in the study can be 
explained by the relatively young age of our population, with shorter duration of 
CHC, which predisposed to less manifestations.  
 



45 

8.2. Predictors of treatment response  
in patients with genotype 1b (Paper III) 

We conducted the present study aiming to evaluate the host and viral factors 
that are associated with treatment response in chronic hepatitis C genotype 1b 
patients. Genotype 1 was chosen as the most prevalent genotype in Estonia with 
lower response rate compared with genotypes 2 and 3.  

It was shown that age below 40 years, normal platelet count and GGT level, 
absence of or mild and moderate stages of liver fibrosis as well as absence of or 
mild inflammatory activity influenced significantly SVR and can be used as 
predictors of treatment response in patients with CHC genotype 1b. Our results 
are in line with the findings of similar studies (Mann et al 2001, Fried et al 
2002, Hadziyanis et al 2004, Marcellin et al 2012, Weich et al 2011).  

Several large prospective studies also failed to demonstrate such association 
of gender, BMI and ALT with treatment response (Manns et al 2001, Fried et al 
2002, Jacobson et al 2007, Mauss et al 2011). In a recent real-life European 
gender-oriented analysis there were no differences in response to PegIFN/RBV 
therapy between males and females. However, it was shown that different 
predictive factors in both gender groups could contribute to treatment outcomes 
(Di Marco et al 2013). The above analysis revealed absence of correlation 
between viral load and SVR, which was also discussed in the previous chapter 
8.1.   

We demonstrated that patients infected with HCV genotype 1b had a signifi-
cantly higher rate of nonresponders and relapses, which is consistent with the 
results of analogous studies (Hadziyannis et al 2004, Marcellin et al 2012, 
Weich et al 2011). 

Further we analysed the baseline host and viral characteristics for the studied 
patients with different treatment outcomes (SVR vs. NR, SVR vs. RL and NR 
vs. RL). 

It was shown that NR patients were significantly older, more overweight, 
had a more severe stage of fibrosis (F3-4) and a higher degree of inflammation 
activity, lower platelet count, and higher GGT levels in comparison with the 
SVR patients. High grade of inflammatory activity and higher GGT levels 
prevailed significantly in the NR patients as compared with the relapsers. 
Similar data have been presented by other researchers (Mann et al 2001, 
Hadziyanis et al 2004, Marcellin et al 2012, Weich et al 2011).  

There were no significant differences in the baseline characteristics between 
the SVR and the RL patients, which makes them difficult to distinguish and 
cure. Nevertheless, retrospectively it may be speculated that RL patients could 
benefit from the prolongation of antiviral treatment up to 72 weeks, as was 
shown previously (Pearlman et al 2007); however, the patients of the present 
study were treated for 48 weeks. Nowadays some of such patients, i.e. those 
with advanced fibrosis and cirrhosis (F3-4) can benefit from triple therapy with 
DAA.  
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In our study the SVR patients showed a more pronounced decrease of the 
viral load at weeks 4 and 12 as compared with both the NR and the RL patients. 
The results of our study are in line with the findings of other studies according 
to which viral kinetics at weeks 4 and 12, with the achievement of RVR and 
EVR, are reliable factors that can predict the outcome and duration of antiviral 
treatment (Pearlman et al 2007, Fried et al 2011, Marcelin et al 2012). 

Absence of hematological abnormalities (anaemia, leuco- and neutropenia), 
which were observed in the studied patients during antiviral therapy at week 12, is 
typical of non-responders and may be used as a prognostic factor of worse 
response to antiviral therapy (Navaneethan et al 2009). Escalation of the doses of 
PegIFN/RBV therapy drugs in order to overcome HCV resistance and to achieve 
high SVR rate is not recommended by the European, American and Estonian 
National Guidelines on treatment of CHC, as it does not increase SVR rate. 
 
 
8.3. Polymorphisms within the entire HCV NS5A region 

and treatment response (Paper IV) 

In our study the genetic variability of the entire NS5A coding sequence, in-
cluding the PKR-bd domain, ISDR and V3 regions, together with the less 
studied CRS, NLS and IRRDR regions, in relation to PegIFN/RBV treatment 
response in Estonian treatment-naïve patients infected with HCV genotype 1b, 
was investigated for the first time.  
 
 

8.3.1. Relationship between baseline NS5A amino acid sequences 
and treatment response 

Currently, several aa substitutions within the different regions of NS5A protein, 
specific for HCV-1b strains, are suggested as potential predictors of 
PegIFNα/RBV treatment outcome. Thus, patients infected with the wild type 
ISDR sequence identical to the Japanese HCV prototype did not respond to 
IFN-based therapy whereas patients infected with the mutant type, defined by 
four or more amino acid substitutions in this region, achieved SVR. Addi-
tionally, correlation was reported between treatment outcome and number of aa 
substitutions in the other regions within the NS5A protein of the viral isolate 
(Murphy et al 2002, Hofmann et al 2005, Muñoz de Rueda et al 2008, El-
Shamy et al 2007, 2008). However, attempts to extend this approach to 
European patients were not successful (McKechnie et al 2000, Veillon et al 
2004, Kmieciak et al 2006). 

In the present study we did not find any mutant viruses carrying four or more 
amino acid substitutions in the ISDR region. Still, our results about the distri-
bution of the wild and intermediate type ISDR strains (17.2% and 82.8%, 
respectively) were fairly similar to those reported for European (24.8% and 
63.4%, respectively) (Pasсu et al 2004) as well as for Tunisian HCV infected 
patients (26.7% and 66.7%, respectively) (Bouzgarrou et al 2009).  



47 

In the present study comparative analysis did not reveal a significant differ-
rence between the SVR and non-SVR patients in terms of rate of random 
mutations within the ISDR, PKR-bd, V3 or IRRDR regions, or in terms of total 
number of mutations in entire NS5A. Our data does not coincide with the 
results of several studies performed in different populations of different count-
ries, which revealed significant correlations between number of aa substitutions 
in the abovementioned NS5A regions and treatment outcome (El-Shamy et al 
2007, 2008, Kumthip et al 2011, Yano et al 2012). One explanation for this may 
be the existence of a methodological bias concerning either selection of patients, 
or therapeutic regimens (Tan et al 2001, Squadrito et al 2002). The genetic 
difference between the virus strains circulating in different regions may be 
another reason for these discrepancies (Schinkel et al 2004, Zhou et al 2011). 
However, there is still limited information available regarding the correlation of 
NS5A full-length gene polymorphisms with response to IFN based therapy. 

It seems that the polymorphism of the HCV-1b strains isolated from Euro-
pean patients, including Estonian patients, cannot be described in terms of the 
number of random mutations in comparison with the prototype strain, as has 
been suggested previously (Aus dem Siepen et al 2005, Brillet et al 2007). On 
the other hand, reliable analysis of ISDR mutations should consider a repre-
sentative number of samples of the wild, intermediate and mutant type strains in 
order to draw any relevant conclusions. 

A number of studies have focused on possible correlation between EVR and 
sequence variation within different parts of NS5A, especially the V3 region and 
its surrounding regions (Murphy et al 2002, Puig-Basagoiti et al 2005, El-
Shamy et al 2007). However, we found no difference in the number of muta-
tions in the analysed regions between the EVR and the non-EVR patients. 

Several studies showed a higher pre-treatment viral load in patients with the 
wild type ISDR sequence compared with this load in patients with the mutant 
type sequence (Enomoto et al 1996, Toyoda et al 2010). Our findings are 
consistent with the above data. It should be mentioned that the total rate of SVR 
in the present study was lower in comparison with that established in our 
previous report (Paper I). This could be explained partly by the fact that about 
90% of the patients included in our study had a higher pre-treatment viral load 
and no one of the HCV 1b infected patients had the ISDR mutant type strain. 
Moreover, we found that presence of Arginine at position 2283 correlated 
significantly with lower viral load, while Proline at the same position correlated 
with higher viral load. Further studies on a larger patient cohort will are needed 
to validate the significance of these results. 

Previous studies have reported that some specific amino acid substitutions 
are associated with treatment response. Thus, it has been proposed that patients 
infected with HCV genotype 1b who had aa mutations in NS5A at positions 
2209, 2216, 2217, 2218, 2227, 2360, and 2378, but also some others (according 
to the enumeration of the HCV-J prototype strain) achieve SVR more frequently 
than those without mutations at the abovementioned positions (Kohashi et al 
2006, El-Shamy et al 2008, Noguchi et al 2011). 



48 

In the present study, the association of aa substitution at specific positions in 
the NS5A protein with response to PegIFN-α plus RBV treatment was in-
vestigated as well. We did not find any difference between the sequences 
obtained from the SVR and non-SVR patients at the above described amino 
acid positions. However, we found that specific amino acid substitutions at 
positions 1989 and 2283 correlated significantly with SVR, while mutations at 
positions 1979, 2107, 2171, and 2382 were associated with non-response to 
treatment. The single amino acid substitution at position 2319 correlated with 
treatment relapse. 

Recently, three aa substitutions at positions 2268, 2260 and 2278 were 
associated with unfavorable treatment outcome in HCV-1b patients in Hong 
Kong (Zhou et al 2011). 

In contrast, our data showed that these positions were not informative for 
prognosis of treatment outcome in Estonian patients. 

All these facts can be explained, on the one hand, by genetic differencies 
between the HCV genotype 1b strains circulating in Estonia and other countries. 
On the other hand, it deserves to note some limitations of our study like the 
small number of patients in comparison with previous studies and the selection 
bias in the enrollment of patients arising from the National Guidelines for 
treatment of chronic hepatitis C.  
 
 

8.3.2. Phylogenetic analysis 

Previously, some researchers failed to show any clustering association with a 
specific pattern of response while using phylogenetic analyses of the complete 
NS5A sequence to predict treatment outcome (Jardim et al 2009). 

In the present study, in phylogenetic analysis 1b strains were divided into 4 
groups (Paper IV, Figure 4), considering our previous suggestions about several 
separate introductions of the 1b strain in Estonia (Tallo et al 2007). For the first 
time we segregated the isolated strains into six subgroups mainly according to 
treatment outcome (Paper IV, Figure 4). Further, the obtained 1b sequences 
were translated into proteins and aligned according to the mentioned groups.  

Phylogenetically, 24 group-specific nucleotide positions were identified 
(Paper IV, Table 2), of these thirteen nt mutations were silent and eleven nt 
mutations caused group-specific aa polymorphisms (Paper IV, Table 3).  

The results of our study after validation on studies based on large data sets 
can be recommended to use as predictors of treatment response in Estonian 
treatment-naïve patients monoinfected with HCV genotype 1b. 

We believe that the results of our study of genetic variability within the 
NS5A region of HCV genome could shed light on unsatisfactory cure rates, 
especially in treatment-naïve patients monoinfected with HCV genotype 1b in 
the face of viral resistance and could help to improve treatment outcome in such 
patients in the future.   
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8.4. Considerations and limitations related  
to the study design 

Our study, conducted in one of the five centers in Estonia providing treatment 
of CHC, is the first one reflecting the experience of PegIFN/RBV therapy for 
treatment–naïve patients monoinfected with CHC genotypes 1b and 3a in 
routine clinical practice. Co-existence of HCV/HIV infections is a challenge for 
the health care system. HIV/HCV coinfected patients, which is an issue of 
serious concern in Estonia (Uuskula et al 2007), were not included in the study 
as they are usually referred to infectious disease clinics located in several 
Estonian counties. A specific population of IDUs having high rate of HIV, HCV 
and HBV coinfections was excluded from the study, too. 

Owing to the use of strict selection criteria, we were able to form a unique 
study population which differed from analog patient cohorts of other studies 
(Manns et al 2001, Fried et al 2002, Hadziyannis et al 2004, Mauss et al 2011, 
Marcellin et al 2012). Our patients were characterized as follows: they were 
relatively young, with a mean age of 43 years for genotype 1b infected patients 
and 35 years for genotype 3a infected patients.  

Baseline ultrasound-guided transcutaneous liver biopsy was performed to all 
study patients (100%), which is a higher percentage that those reported in other 
real-life studies (Mauss et al 2011, Bourliere et al 2012). 

The proportion of patients (75%) without or with a mild stage of fibrosis 
(F0-1) was quite large. Taking into consideration the above circumstances and 
owing to the natural course of HCV infection, it was unlikely to expect a high 
number of patients with advanced fibrosis and cirrhosis (F3-4), which definitely 
diminished the power of statistical analysis.   

One of the limitations of this study, which is an issue of discussion, was the 
relatively small number of patients in comparison with other randomized and 
real-life setting clinical trials. This could in some cases have diminished the 
power of statistical analysis in detecting significant associations between 
different baseline variables and SVR. Yet further delay in the analysis of our 
data for statistics related reasons would have rendered our study of less 
importance, especially in the era of DAA.  

Another limitation may be that we did not use several host genetic factors, 
like polymorphisms of the human IL28B gene, which is known as a very 
important predictor of treatment response to PegIFN/RBV therapy in patients 
infected with HCV genotype 1 (Ge et al 2009, Par et al 2011, 2014). This can be 
explained by the fact that at the time of conducting the study the relevant test 
was not available in routine clinical practice in Estonia.  
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8.5. Future research 

Despite the fact that the incidence of new HCV infections has decreased 
worldwide, the burden of HCV-related diseases is expected to increase. Triple 
therapy with PIs (BOC and TVR) has been reported to increase SVR rates up to 
63–75% as compared to the standard dual therapy in patients with CHC. In 
Estonia, the SOC for treatment of HCV genotype 1 was changed from the 
beginning of 2014 when both of these medications were approved for use in 
combination with PegIFN/RBV for treatment of CHC genotype 1-infected 
treatment-naïve and experienced patients with advanced liver fibrosis or com-
pensated cirrhosis.  

However, the using of DAAs can lead to the emerging problem of drug 
resistance due to so-called resistance-associated amino acid variants of the 
virus. The prevalence of these resistance mutations in patients treatment-naive 
for PIs has not been fully characterized. 

Moreover, the frequency of resistance can vary between the HCV subtypes, 
being twice as high in patients with subtype 1a compared with subtype 1b. 
Although subtype 1b has remained predominant, the introduction of subtype 1a 
into the populations of IDUs and blood donors has been observed in Estonia at 
least since 2007 (Tallo et al 2011). Thus, we could expect an increase in the 
number of patients infected with this subtype. Taking into consideration the 
above circumstances, we are going to assess the efficacy of triple therapy with 
PIs in patients infected with both HCV subtypes, 1a and 1b, and to compare it 
with existing dual therapy. Other noteworthy issues of our future plans are study 
of the presence of primary PIs resistance mutations and follow up of the 
emergence of PIs resistant variants during triple therapy in order to evaluate 
their impact on treatment response. 

In Estonia there is no state or regional standard or national policy on HCV 
prevention or a general anti-HCV screening programme. Only two specific 
subgroups, the blood donors and the prisoners, are screened on a regular basis. 
The seroprevalence of HCV infection has been well studied only in specific 
study populations, like IDUs, inmates, hemodialysis and oncohematologic 
patients (Tefanova et al 2005, 2006, Uuskula et al 2007). As new treatment 
options are becoming available, there will arise the need to quantify the burden 
of chronic HCV infection at the national level. The data to be obtained can 
optimize the cost-effectiveness of CHC treatment in Estonia and hence reduce 
the burden of HCV-related diseases. 
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9. CONCLUSIONS 

To our knowledge, this is the first systematic study aimed to assess the efficacy 
of PegIFN/RBV treatment and to evaluate the host and virus factors predicting 
the outcome of antiviral therapy in treatment-naive patients with CHC in 
clinical practice in Estonia. 
  
1.  The efficacy of PegIFN/RBV therapy was strongly predetermined by the 

HCV genotype and younger age of the studied patients. The SVR rate for 
patients infected with HCV genotype 1b was significantly lower compared 
with SVR rate for patients infected with HCV genotype 3a.  

 
2.  Age below 40 years, absence of or mild and moderate liver fibrosis, absence 

of severe inflammatory activity, normal platelet count and normal GGT level 
with pronounced changes in viral kinetics at weeks 4 and 12 were valuable 
predictors of treatment response in treatment-naïve patients with the chronic 
hepatitis C 1b genotype. The non-responders differed significantly from the 
patients with SVR in terms of almost all pre- and on-treatment studied 
parameters. Regarding their characteristics the relapsers were very similar to 
the patients with SVR.  

 
3.  Study of amino acid polymorphisms failed to demonstrate association 

between number of mutations within the either entire NS5A protein of HCV 
or its different known functional regions, and different types of response 
(SVR, non-response or relapse) to PegIFN/RBV therapy in treatment-naïve 
patients with the chronic hepatitis C 1b genotype.  

 
4.  Correlation between treatment response (SVR, non-response or relapse) and 

specific amino acid substitutions at different previously not described 
positions within the NS5A protein was identified. Phylogenetic analysis 
revealed 11 novel aa substitutions in the full-length NS5A protein, which 
can be used as tags to predict treatment response in Estonian treatment-naïve 
patients with the chronic hepatitis C 1b genotype.  
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10. SUMMARY IN ESTONIAN 

Krooniline C-hepatiit: ravitulemusi prognoosivad tegurid  
Eesti patsientidel 

C-hepatiidi viirusest (HCV) põhjustatud krooniline hepatiit on suur tervishoiu-
probleem, sest haigestunud võib olla ligikaudu 2,3% maailma rahvastikust. 
Aastas sureb C-hepatiidist tekkinud maksatsirroosi ja maksarakk-kasvaja tõttu 
umbes 350 000 inimest. Euroopas erineb C-hepatiidi levimus piirkonniti. Eestis 
on C-hepatiidi viirusega nakatunud hinnanguliselt vähemalt 1% rahvastikust. 

C-hepatiidi viirus kuulub Flaviviridae sugukonda ja Hepacivirus’e perekon-
da. Sellel viirusel on seitse genotüüpi ja üle 60 alltüübi. Eestis on enam levinud 
1b genotüüp, millele järgneb 3a genotüüp. HCV genotüübi teadmisel on klii-
niline tähendus, st genotüübist sõltub kroonilise maksahaiguse kulg, viirus-
vastase ravi tulemused ja ka kestus. 

Viirusvastane vaktsiin ja nakatumisjärgne profülaktika puuduvad. Ägeda C-
hepatiidiga haigetest tervistub 15%, ülejäänutel tekib krooniline C-hepatiit. 
Krooniline C-hepatiit võib kulgeda vaevusteta kuni maksatsirroosi tekkeni. 
Maksatsirroosi tekkeks kulub 10−30 aastat nakatumisajast. Maksatsirroosist 
omakorda võib 4% haigetel aastas tekkida maksarakk-kasvaja. 

Alfa-peginterferoon (alfa-2a-peginterferoon ja alfa-2b-peginterferoon) ja 
ribaviriin on aastaid olnud kroonilise C-hepatiidi standardravi. Viirusvastase 
ravi eesmärk on C-hepatiidi viiruse kadumine verest ehk C-hepatiidi viiruse 
RNA (HCV RNA) puudumine veres. Viirusvastase ravi tõhususe kriteerium on 
püsiv viirusvastus – HCV RNA on negatiivne 24 nädalat pärast viirusvastast 
ravi. 

Viirusvastase ravi tõhusus tuleneb genotüübist. Teise ja kolmanda geno-
tüübiga patsientidest saavutab püsiva viirusvastuse üle 80%, esimese geno-
tüübiga patsientidest aga vaid ligikaudu 50%. 

Viirusvastase ravi tõhusust mõjutavad mitu patsiendist olenevat ja ka mitu 
C-hepatiidi viirusest tulenevat tegurit. Need on patsiendi vanus, sugu, amino-
transferaaside sisaldus veres, maksafibroosi raskusaste ja põletiku aktiivsus 
maksakoes. Viiruse genotüübist ja viirusekogusest sõltub viirusvastasele ravile 
allumise tõenäosus ning ravi kestus. HCV genoomi muutlikkus võib samuti 
mõjutada alfa-peginterferooni ja ribaviriiniga ravimise tõhusust. Näiteks viiruse 
mittestruktuurvalk NS5A on vajalik viiruse replikatsiooniks ja tema erinevate 
regioonide polümorfismi seostatakse viirusvastase ravi tõhususega. 
 
 

Töö eesmärgid 

Käesoleva töö eesmärk oli uurida varem viirusvastast ravi mittesaanud 
(nn ravinaiivsetel) kroonilise C-hepatiidiga patsientidel peremeesorganismist ja 
C-hepatiidi viirusest tulenevaid tegureid, et prognoosida alfa-peginterferooni 
ning ribaviriiniga ravimise tõhusust. 
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Uurimistöö eesmärgid olid järgmised: 
1. hinnata alfa-peginterferooni ja ribaviriiniga ravimise tõhusust Eestis varem 

viirusvastast ravi mittesaanud kroonilise C-hepatiidi esimese ja kolmanda 
genotüübiga patsientidel (I ja II artikkel); 

2.  määrata peremeesorganismist ja C-viirusest tulenevad tegurid, mis mõju-
tavad viirusvastase ravi tõhusust kroonilise C-hepatiidi 1b genotüübiga 
patsientidel nii enne viirusvastast ravi kui ka ravi ajal (III artikkel); 

3.  analüüsida kroonilise C-hepatiidi 1b genotüübiga patsientidel HCV mitte-
struktuurvalgu NS5A muutlikkuse ja ravitulemuse vahelisi seoseid (IV 
artikkel). 

 
Uuritav materjal ja meetodid 

Alates 2005. aasta veebruarist kuni 2011. aasta märtsini uuriti kokku 121 (I ja II 
artikkel), 76 (III artikkel) ja 29 (IV artikkel) varem viirusvastast ravi mitte-
saanud kroonilise C-hepatiidiga patsienti. Uuring tehti Lääne-Tallinna Kesk-
haiglas. 

Kroonilise C-hepatiidi diagnoosimine, viirusvastane ravi ja patsiendi jälgi-
mine viirusvastase ravi ajal toimusid kroonilise C-hepatiidi Eesti ravijuhendite 
järgi. Enne uuringu alustamist allkirjastasid kõik patsiendid nõusolekuvormi ja 
uuringu kiitis heaks Tallinna Meditsiiniuuringute Eetikakomitee. 

Kliinilise vere, biokeemiliste ja autoantikehade näitajad määrati Lääne-
Tallinna Keskhaigla diagnostikakliiniku laboris. HCV antikehad, HCV RNA 
genotüüp ja HCV RNA viirusekogus määrati Lääne-Tallinna Keskhaigla HIV 
nakkuse referentslaboris. 

HCV RNA viirusekogus määrati enne ravi alustamist, 4., 12., 24. ja 
48. ravinädalal ning 24. nädalal pärast viirusvastast ravi. Kõikidelt patsientidelt 
võeti enne viirusvastase ravi alustamist Lääne-Tallinna Keskhaigla radio-
loogiaosakonnas ultrahelikontrolli all transkutaanne maksabiopsia. Maksakoes 
hinnati fibroosi staadiumi ja põletiku raskusastet Metaviiri skoori järgi, 
histoloogiline uuring tehti Põhja-Eesti Regionaalhaigla patoloogiaosakonnas. 

NS5A polümorfismi uurimiseks ekstraheeriti HCV RNA, sünteesiti cDNA, 
sekveneeriti RT-PCR ja HCV genoom terves NS5A piirkonnas (1341 nukleo-
tiidi) ning tehti sekventside fülogeneetiline analüüs. NS5A järjestused tõlgen-
dati valkudeks universaalse koodi järgi ja võrreldi 1b genotüübi referentstüvega. 
Kõik järjestused anti hoiule NCBI GenBanki nukleotiidide järjestuste andme-
baasi registreerimisnumbritega JX022751-JX022779. 

Sõltumata viiruse genotüübist manustati kõigile patsientidele viirusvastase 
ravi käigus alfa-2a-peginterferooni 180 μg kord nädalas ning ribaviriini 
kehakaalu ja genotüübi alusel. Esimese genotüübi puhul manustati ribaviriini 
alla 75 kg kehakaaluga patsientidele 1000 mg ja kehakaaluga üle 75 kg 
1200 mg ööpäevas. Teise ja kolmanda genotüübi puhul oli ribaviriini annus 
800 mg ööpäevas. 

Viirusvastase ravi kestus 1b genotüübiga patsientidel oli 48 nädalat, teise ja 
kolmanda genotüübi puhul 24 nädalat. Patsiendi ravi oli tulemuslik juhul, kui 
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saavutati püsiv viirusvastus ehk kui HCV RNA oli negatiivne 24 nädalat pärast 
ravi lõppu. 

Statistiliseks analüüsiks kasutati χ2-testi, Fisheri täpset testi ja Studenti testi. 
Kvantitatiivseid näitajaid väljendati nagu keskväärtus ±SD. Näitajate korrelat-
siooni hinnati Pearsoni või Spearmani korrelatsioonikoefitsiendi abil. Statistili-
selt oluliseks peeti kahepoolset P väärtust, mis oli väiksem kui 0.05. Usaldus-
vahemik (CI) oli 95%. 

Peremeesorganismist ja viirusest tulenevate ravi tõhusust mõjutavate tegurite 
analüüsiks kasutati ühe- ning mitmemõõtmelist regressioonanalüüsi. 

 
 

Uurimistöö tulemused 

1. Viirusvastase ravi tõhusus esimese ja kolmanda genotüübiga patsientidel 
(I ja II artikkel) 
60.3% patsientidest saavutas püsiva viirusvastuse. Esimese genotüübiga pat-
sientidel oli püsiva viirusvastuse saavutamine statistiliselt väiksem kui kolman-
da genotüübiga patsientidel (vastavalt 46.1% vs. 84.4%). 

Ravile mitteallunute arv, sh mittevastajad (non-responder, NR) ja tagasi-
langejad (relapser, RL), oli esimese genotüübi rühmas suurem kui kolmanda 
genotüübi rühmas (vastavalt 19.7% vs. 2.2% ja 17.1% vs. 4.4%). 

Mitmemõõtmeline logistiline regressioonanalüüs näitas, et ainult kolmas 
genotüüp ja patsiendi vanus (40 aastat või alla selle) suurendasid sõltumatult 
ning oluliselt püsiva viirusvastuse saavutamist. Sellised tegurid nagu viiruse-
kogus, maksafibroosi raskusaste ja meessugu ei korreleerunud mitmemõõtme-
lises logistilises regressioonanalüüsis oluliselt püsiva viirusvastusega. 

Peaaegu kõigil patsientidel esines viirusvastase ravi kõrvaltoimeid, millest 
sagedasemad olid väsimus (90%) ja laborianalüüsides neutropeenia (79%). Esi-
mese genotüübiga patsientidest vajas 17% kõrvaltoimete tõttu alfa-2a-peginter-
ferooni või ribaviriini annuste vähendamist. Nendest üheksa patsienti saavutas 
püsiva viirusvastuse, kolm patsienti osutusid mittevastajateks ja üks patsient 
katkestas ravi. 

Kõigist uuritud patsientidest 14% katkestas ravi eelkõige kõrvaltoimete tõttu. 
Uuringus osalenud 25-aastane meespatsient, kellel diagnoositi krooniline 1b 

genotüübiga C-hepatiit koos süsteemse sarkoidoosiga, saavutas püsiva ravi-
vastuse. Viis kuud hiljem tehtud korduval maksapunktsioonil maksagranu-
loomid puudusid. 
 
2. Ravivastust prognoosivad tegurid 1b genotüübiga patsientidel  
(III artikkel) 
Esimese genotüübiga patsientidest saavutas püsiva viirusvastuse 50% (76). Ra-
vile mitteallujaist (38/76) oli 24% mittevastajaid (NR) ja 20% oli tagasilange-
jaid (RL); viis patsienti katkestas ravi kõrvaltoimete tõttu. 

Ühemõõtmelise regressioonanalüüsiga avastati viis põhiparameetrit, mis 
mõjutasid oluliselt püsivat viirusvastust: vanus alla 40 aasta, referentsväärtuses 
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trombotsüütide arv ja gammaglutamüüli transferaas, maksafibroosi puudumine 
või kerge kuni mõõdukas fibroosi aste, aktiivse maksapõletiku puudumine või 
kerge aktiivsus. Korrelatsioone püsiva viirusvastuse, kehamassiindeksi, ravi-
eelse viirusekoguse ega alaniini aminotransferaasi väärtuse vahel ei esinenud. 
Mitmemõõtmelise logistilise regressioonanalüüsiga ei avastanud neid para-
meetreid sõltumatute prognoosivate teguritena. 

Enne ravi alustamist analüüsiti peremeesorganismist ja viirusest tulenevaid 
tegureid erinevates rühmades: SVR vs. NR, SVR vs. RL ja NR vs. RL. Mitte-
vastajad (NR) olid statistiliselt vanemad ja ülekaalulisemad ning nende seas oli 
rohkem raskema maksafibroosi ja suurema aktiivsuse, väiksema trombotsüütide 
arvu ning suurema gammaglutamüüli transferaasi väärtustega patsiente kui 
püsiva viirusvastusega patsientide seas. Tagasilangejad (RL) sarnanesid püsiva 
viirusvastuse saavutanutega. 

Püsiva viirusvastusega patsientidel oli aga viirusekoguse vähenemine 4. ja 
12. ravinädalal statistiliselt olulisem võrreldes mittevastajate ja tagasilange-
jatega. 
 
3. Aminohapete polümorfism NS5A regioonis ja ravivastus (IV artikkel) 
17% patsientidest esinesid ISDR-i piirkonnas metsiku tüübiga (0 mutatsiooni) ja 
83% patsientidest vahetüübiga (1–3 aa mutatsiooni) tüved. Ükski patsient ei 
olnud nakatunud muteeruva tüübiga (≥ 4 mutatsiooni). 

Geneetiline analüüs ei näidanud ei püsiva viirusvastusega patsientidel ja 
ravile mittevastanud patsientidel statistiliselt olulisi seoseid aminohapete 
asenduste numbrite ning ravivastuse vahel ISDR-i, PKR-bd, V3 ja IRRDR-i 
piirkonnas ega NS5A valgus. Aminohapete asendused T1989 ja R2283 kor-
releerusid oluliselt püsiva viirusvastusega, kuid E1979, A2107, V2171 ja 
A2382 esinesid mittevastajail. Tagasilangejail avastati T2319A asendus. 

Fülogeneetilise analüüsi abil isoleeritud tüved rühmitati ravitulemuse alusel 
nelja rühma. Avastati 24 spetsiifilist nukleotiidide positsiooni. 13 mutatsiooni 
olid vaikivad, kuid erineva vastusega rühmades leiti 11 nukleotiidide mutat-
siooni. Kolm mutatsiooni avastati V3 piirkonnas, ühekaupa NLS-i ja CRS-i 
piirkondades ning kuus mutatsiooni leiti klassifitseerimata piirkonnas. 
 
 

Järeldused 

1. Viiruse genotüüp ja vanus alla 40 aasta olid viirusvastase alfa-peginter-
ferooni ning ribaviriiniga ravimise tõhususe olulised prognoosivad tegurid. 
Kroonilise C-hepatiidi 1b genotüübiga patsiendid allusid ravile halvemini 
kui 3a genotüübiga patsiendid. 

2. Vanus alla 40 aasta, maksafibroosi puudumine või kerge kuni mõõdukas fib-
roos, aktiivse maksapõletiku puudumine või kerge aktiivsus, referents-
väärtuses trombotsüütide arv ja gammaglutamüüli transferaasi väärtus ning 
viirusekoguse vähenemine 4. ja 12. ravinädalal olid kroonilise C-hepatiidi 1b 
genotüübiga ravinaiivsetel patsientidel ravivastuse kindlad kriteeriumid. 
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Ravile mittevastajad (non-responder) erinesid viirusvastase ravi tõhusust 
mõjutavate tegurite poolest oluliselt püsiva viirusvastusega patsientidest nii 
enne viirusvastast ravi kui ka ravi ajal. Tagasilangejad (relapser) sarnanesid 
püsiva viirusvastuse saavutanud patsientidega. 

3. Aminohapete polümorfismi uuringus ravinaiivsetel kroonilise C-hepatiidi 1b 
genotüübiga patsientidel puudus seos nii HCV terve NS5A valgu kui ka 
NS5A valgu eri piirkondade mutatsioonide arvu ning alfa-peginterferooni ja 
ribaviriini ravivastuse (püsiv viirusvastus, non-response või relapse) vahel. 

4. Leiti korrelatsioon ravivastuse (püsiv viirusvastus, non-response või relapse) 
ja NS5A valgu varem mittekirjeldatud spetsiifiliste aminohapete asenduste 
vahel. Fülogeneetilisel analüüsil selgus 11 uut aminohapete asendust terves 
NS5A valgus, millele tuginedes võib prognoosida ravi tõhusust Eesti 
kroonilise C-hepatiidi 1b genotüübiga ravinaiivsetel patsientidel. 

 
 



57 

ACKNOWLEDGEMENTS 

This study was carried out at the Department of Internal Medicine of West-
Tallinn Central Hospital, at the Department of Internal Medicine of the Uni-
versity of Tartu, and at the Department of Virology of National Institute for 
Health Development.  

First of all, I would like to thank my supervisors Associate Professor Riina 
Salupere and Senior Researcher Valentina Tefanova for their support during my 
PhD studies, as well as during the writing of articles and preparing the thesis. 
Riina’s positive attitude to my work, support, good sense of humour and 
unfailing readiness to help raised my optimism and encouraged me to finish my 
PhD thesis. I am very grateful to Valentina for her non-exhausting enthusiasm, 
accuracy and patience while teaching me how to prepare research articles and 
make oral presentations with a thorough description and quintessence of study 
results. 

I owe my gratitude to Professor Margus Lember, Head of the Department of 
Internal Medicine of the University of Tartu for the general supervision of my 
PhD thesis, his patience, accuracy, sense of humour and strict control while 
teaching me how to write research articles and to precisely convey the study 
idea to the audience. 

I would like to thank Imbi Moks, Chief Doctor of West-Tallinn Central 
Hospital, and Doctor Angelina Kasper, Head of the Internal Medicine Clinic of 
West-Tallinn Central Hospital, for their support and encouragement during my 
PhD studies. 

I would like to express my high appreciation to Associate Professor Anders 
Widell, from the University of Lund, Mälmo, Sweden, for his invaluable com-
ments on my research articles. I have learnt a lot about how to briefly and 
exactly present study materials. 

 I am indebted to researchers from the Department of Virology of the 
National Institute for Health Development Tatjana Tallo and Tatiana Kuznet-
sova for fulfilling genetic part of my work, as well as for their positive attitude 
and pleasant cooperation. 

I thank Enn Jõeste, pathologist, from the Pathology Centre of the North 
Estonia Medical Centre, and Natalia Lapidus, pathologist, Head of Department 
of Pathology of West-Tallinn Central Hospital, for their assistance in grading 
the liver histology samples. 

Also particular thanks belong to Doctor Kaiu Prikk, pulmonologist, from the 
Institute of Clinical Medicine of Tallinn University of Technology, for her 
assistance in the management of sarcoidosis in the HCV infected patient. 

I owe my gratitude to Ülo Vaher, statistician, from the National Institute for 
Health Development, for his precise statistical analysis, and to Mrs Ester Jaigma 
for the linguistic revision of the manuscript. 

I would like to thank Sofia Sidorova, senior laboratory specialist, from the 
Department of Virology of the National Institute for Health Development, for 
her valuable technical assistance. I am indebted to Margarita Malish, nurse, 



58 

from West-Tallinn Central Hospital, for her kindness and assistance in the 
management of the HCV patients.  

I am grateful to all patients who took part in this study. 
Finally, I would like to thank my family, especially my wife Svetlana for her 

optimism and love for me, as well as for her support in bad times, and attitude 
to life by showing that there is a wonderful life outside hospital and home 
office. I would also like to thank my parents for their support and faith in me. 

The study was supported by the targeted funding No SF0180081s07 by the 
Estonian Ministry of Education and Research, by Institutional Research 
Funding IUT-2, by the grant from the Estonian Science Foundation, No. 7650 
and by the European Union through the European Social Fund. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



59 

REFERENCES 

Agnello V, De Rosa FG. Extrahepatic disease manifestations of HCV infection: some 
current issues. J Hepatol 2004;40:341–52. 

Ait-Goughoulte M, Hourioux C, Patient R, Trassard S, Brand D, Roingeard P. Core 
protein cleavage by signal peptide peptidase is required for hepatitis C virus-like 
particle assembly. J Gen Virol 2006;87(4):855–60. 

Alter HJ, Holland PV, Morrow AG, Moritsugu Y. Clinical and serological analysis of 
transfusion-associated hepatitis. Lancet 1975;2:838–41. 

Arase Y, Suzuki F, Suzuki Y, Akuta N, Kawamura Y, Kobayashi M, et al. Side effects 
of combination therapy of peginterferon and ribavirin for chronic hepatitis C. Intern 
Med 2007;46(22):1827–32. 

Asselah T, Marcellin P. Interferon free therapy with direct active antivirals for HCV. 
Liver Int 2013;33:93–104. 

Aus dem Siepen M, Lohmann V, Wiese M, Ross S, Roggendorf M, Viazov S. Non-
structural protein 5A does not contribute to the resistance of hepatitis C virus 
replication to interferon alpha in cell culture. Virology 2005;336(2):131–6. 

Averhoff FM, Glass N, Holtzman D. Global burden of hepatitis C: considerations for 
healthcare providers in the United States. Clin Infect Dis 2012;55(1):10–15. 

Backus LI, Boothroyd DB, Phillips BR, Belperio P, Halloran J, Mole LA. A sustained 
virologic response reduces risk of all-cause mortality in patients with hepatitis C. 
Clin Gastroenterol Hepatol 2011;9(6):509–16. 

Bartels DJ, Sullivan JC, Zhang EZ, Tigges AM, Dorrian JL, De Meyer S, et al. Hepa-
titis C virus variants with decreased sensitivity to direct-acting antivirals (DAAs) 
were rarely observed in DAA-naive patients prior to treatment. J Virol 2013; 
87(3):1544–53.  

Bartenschlager R, Lohman V. Replication of hepatitis C virus. J Gen Virol 2000; 
81:1631–48. 

Bartosch B, Dubuisson J, Cosset FL. Infectious hepatitis C virus pseudo-particles con-
taining functional E1-E2 envelope protein complexes. J Exp Med 2003;197(5):633–
42. 

Bedossa P, Poynard T. An algorithm for the grading of activity in chronic hepatitis C. 
The METAVIR Cooperative Study Group. Hepatology 1996;24(2):289–93. 

Berg T, von Wagner M, Nasser S, Sarrazin C, Heintges T, Gerlach T, et al. Extended 
treatment duration for hepatitis C virus type 1: comparing 48 versus 72 weeks of 
peginterferon-alfa-2a plus ribavirin. Gastroenterology 2006;130(4):1086–97. 

Björnsson E, Verbaan H, Oksanen A, Frydén A, Johansson J, Friberg S, et al. Health-
related quality of life in patients with different stages of liver disease induced by 
hepatitis C. Scand J Gastroenterol 2009;44(7):878–87. 

Blachier M, Leleu H, Peck-Radosavljevic M, Valla DC, Roudot-Thoraval F. The 
burden of liver disease in Europe: a review of available epidemiological data. J 
Hepatol 2013;58(3):593–608. 

Bonnet F, Morlat P, Dubuc J, De Witte S, Bonarek M, Bernard N, et al. Sarcoidosis-
associated hepatitis C virus infection. Dig Dis Sci 2002;47:794–6. 

Bourlière M, Ouzan D, Rosenheim M, Doffoël M, Marcellin P, Pawlotsky JM, et al. 
Pegylated interferon-α2a plus ribavirin for chronic hepatitis C in a real-life setting: 
the Hepatys French cohort (2003–2007). Antivir Ther 2012;17(1):101–10. 

Bouzgarrou N, Hassen E, Mahfoudh W, Gabbouj S, Schvoerer E, Ben Yahia A, et al. 
NS5A(ISDR-V3) region genetic variability of Tunisian HCV-1b strains: correlation 



60 

with the response to the combined interferon/ribavirin therapy. J Med Virol 
2009;81:2021–8. 

Brillet R, Penin F, Hezode C, Chouteau P, Dhumeaux D, Pawlotsky JM. The non-
structural 5A protein of hepatitis C virus genotype 1b does not contain an interferon 
sensitivity-determining region. J Infect Dis 2007;195:432–41. 

Bruno S, Shiffman ML, Roberts SK, Gane EJ, Messinger D, Hadziyannis SJ, et al. 
Efficacy and safety of peginterferon alfa-2a (40KD) plus ribavirin in hepatitis C 
patients with advanced fibrosis and cirrhosis. Hepatology 2010;51(2):388–97. 

Cacoub P, Renou C, Rosenthal E, Cohen P, Loury I, Loustaud-Ratti V, et al. Extra-
hepatic manifestations associated with hepatitis C virus infection. A prospective 
multicenter study of 321 patients. The GERMIVIC. Groupe d’Etude et de Recherche 
en Medecine Interne et Maladies Infectieuses sur le Virus de l’Hepatite C. Medicine 
(Baltimore) 2000; 79:47–56. 

Cannon NA, Donlin MJ, Fan X, Aurora R, Tavis JE, et al. Hepatitis C Virus Diversity 
and Evolution in the Full Open-Reading Frame during Antiviral Therapy. PLoS 
ONE 2008;3(5):e2123. 

Centers for Disease Control and Prevention. Sexually Transmitted Diseases Treatment 
Guidelines, 2010. MMWR 2010;59(RR-12):1–116. 

Chao DT, Abe K, Nguyen MH. Epidemiology of hepatitis C genotype 6 and its manage-
ment. Aliment Pharmacol Ther 2011;34(3):286–96. 

Chayama K, Hayes CN. Hepatitis C virus: How genetic variability affects pathobiology 
of disease. J Gastroenterol Hepatol 2011;26(Suppl 1):83–95. 

Chen SL, Morgan TR. The Natural History of Hepatitis C Virus (HCV) Infection. Int J 
Med Sci 2006;3(2):47–52. 

Cheng WS, Roberts SK, McCaughan G, Sievert W, Weltman M, Crawford D, et al. 
Low virological response and high relapse rates in hepatitis C genotype 1 patients 
with advanced fibrosis despite adequate therapeutic dosing. J Hepatol 2010; 
53(4):616–23. 

Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton M. Isolation of a 
cDNA clone derived from a blood-borne non-A, non-B viral hepatitis genome. 
Science 1989;244:359–62. 

Choo QL, Richman KH, Han JH, Berger K, Lee C, Dong C, et al. Genetic organization 
and diversity of the hepatitis C virus. Proc Natl Acad Sci USA 1991;88:2451–5. 

Ciesek S, Friesland M, Steinmann J, Becker B, Wedemeyer H, Manns MP, et al. How 
stable is the hepatitis C virus (HCV)? Environmental stability of HCV and its 
susceptibility to chemical biocides. J Infect Dis 2010;201(12):1859–66. 

Cornberg M, Razavi HA, Alberti A, Bernasconi E, Buti M, Cooper C, et al. A 
systematic review of hepatitis C virus epidemiology in Europe, Canada and Israel. 
Liver Int 2011;31(2):30–60. 

D’Ambrosio R, Aghemo A. Treatment of patients with HCV related cirrhosis: many 
rewards with very few risks. Hepat Mon 2012;12(6):361–8. 

Davis GL, Balart L, Schiff E, Lindsay K, Bodenheimer HC Jr, Perrillo RP, et al. Treat-
ment of chronic hepatitis C with recombinant interferon alfa. A multicenter 
randomized, controlled trial. Hepatitis Intervention Therapy Group. N Engl J Med 
1989;321:1501–6. 

Degos F, Perez P, Roche B, Mahmoudi A, Asselineau J, Voitot H, et al. Diagnostic 
accuracy of FibroScan and comparison to liver fibrosis biomarkers in chronic viral 
hepatitis: a multicenter prospective study (the FIBROSTIC study). J Hepatol 
2010;53(6):1013–21. 



61 

Di Bisceglie A, Martin P, Kassianedes C, Lisker-Melman M, Murray L, Waggoner J, et 
al. Recombinant interferon alpha therapy for chronic hepatitis C: a randomized, 
double-blind, placebo controlled trial. N Engl J Med 1989;321:1506–10. 

Di Marco V, Covolo L, Calvaruso V, Levrero M, Puoti M, Suter F, et al. Who is more 
likely to respond to dual treatment with pegylated-interferon and ribavirin for 
chronic hepatitis C? A gender-oriented analysis. J Viral Hepat 2013;20(11):790–
800. 

Duverlie G, Khorsi H, Castelain S, Jaillon O, Izopet J, Lunel F, et al. Sequence analysis 
of the NS5A protein of European hepatitis C virus 1b isolates and relation to 
interferon sensitivity. J Gen Virol 1998;79(6):1373–81. 

European Association for the Study of the Liver Clinical Practice Guidelines: 
Management of hepatitis C virus infection. J Hepatol 2014;60:392–420. 

El-Shamy A, Sasayama M, Nagano-Fujii M, Sasase N, Imoto S, Kim SR, et al. Pre-
diction of efficient virological response to pegylated interferon/ribavirin combi-
nation therapy by NS5A sequences of hepatitis C virus and anti-NS5A antibodies in 
pre-treatment sera. Microbiol Immunol 2007;51:471–82. 

El-Shamy A, Nagano-Fujii M, Sasase N, Imoto S, Kim SR, Hotta H. Sequence variation 
in hepatitis C virus nonstructural protein 5A predicts clinical outcome of pegylated 
interferon/ribavirin combination therapy. Hepatology 2008;48:38–47. 

Enomoto N, Sakuma I, Asahina Y, Kurosaki M, Murakami T, Yamamoto C, et al. 
Comparison of full-length sequences of interferon-sensitive and resistant hepatitis C 
virus 1b. Sensitivity to interferon is conferred by amino acid substitutions in the 
NS5A region. J Clin Invest 1995;96(1):224–30.  

Enomoto N, Sakuma I, Asahina Y, Kurosaki M, Murakami T, Yamamoto C, et al. 
Mutations in the nonstructural protein 5A gene and response to intereferon in 
patients with chronic hepatitis C virus 1b infection. N Engl J Med 1996;334(2):77–
81. 

Erdtmann L, Franck N, Lerat H, Le Seyec J, Gilot D, Cannie I, et al. The hepatitis C 
virus NS2 protein is an inhibitor of CIDE-B-induced apoptosis. J Biol Chem 
2003;278:18256–64. 

Esteban JI, Sauleda S, Quer J. The changing epidemiology of hepatitis C virus infection 
in Europe. J Hepatol 2008;48:148–62.  

Estonian Health Board, http://www.terviseamet.ee 
European Centre for Disease Prevention and Control. Surveillance and prevention of 

hepatitis B and C in Europe. Stockholm: ECDC;2010, 
http://www.ecdc.europa.eu/en/publications/Publications/101012_TER_HepBandC_ 
survey.pdf, accessed December 2nd, 2013.  

European Centre for Disease Prevention and Control. Hepatitis B and C surveillance in 
Europe, 2006–2011. Stockholm:ECDC;2013, 
http://www.ecdc.europa.eu/en/publications/Publications/Hepatitis-B-C-surveillance-
report-2006–2011.pdf, accessed December 2nd, 2013. 

Fabrizi F. Hepatitis C Virus Infection and Dialysis: 2012 Update. ISRN Nephrol 2013; 
Article ID 159760, 11 pages, doi:10.5402/2013/159760. 

Failla C, Tomei L, De Francesco R. Both NS3 and NS4A are required for proteolytic 
processing of hepatitis C virus nonstructural proteins. J Virol 1994;68(6):3753–60. 

Fallahi P, Ferri C, Ferrari SM, Corrado A, Sansonno D, Antonelli A. Cytokines and 
HCV-related disorders. Clin Dev Immunol 2012;2012:468107. 

Faurie P, Broussolle C, Zoulim F, Trepo C, Sève P. Sarcoidosis and hepatitis C: clinical 
description of 11 cases. Eur J Gastroenterol Hepatol 2010;22:967–72. 



62 

Feld JJ, Hoofnagle JH. Mechanism of action of interferon and ribavirin in treatment of 
hepatitis C. Nature 2005;436:967–72. 

Ferri C, Monti M, LaCivita L, Longombardo G, Greco F, Pasero G, et al. Infection of 
peripheral blood mononuclear cells by hepatitis C virus in mixed cryoglobulinemia. 
Blood 1993;82:3701–4. 

Friebe P, Bartenschlager R. Genetic analysis of sequences in the 3’nontranslated region 
of hepatitis C virus that are important for RNA replication. J Virol 2002;76:5326–
38. 

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

Fried MW, Hadziyannis SJ, Shiffman ML, Messinger D, Zeuzem S. Rapid virological 
response is the most important predictor of sustained virological response across 
genotypes in patients with chronic hepatitis C virus infection. J Hepatol 2011; 
55(1):69–75. 

Gale MJ Jr, Korth MJ, Tang NM, Tan SL, Hopkins DA, Dever TE, et al. Evidence that 
hepatitis C virus resistance to interferon is mediated through repression of the PKR 
protein kinase by the nonstructural 5A protein. Virology 1997;230:217–27.  

Gale M Jr. Effector genes of intereferon action against hepatitis C virus. Hepatology 
2003;37:975–8. 

Gane EJ, Stedman CA, Hyland RH, Ding X, Svarovskaia E, Symonds WT, et al. 
Nucleotide polymerase inhibitor sofosbuvir plus ribavirin for hepatitis C. N Engl J 
Med 2013;368:34–44. 

Gaya DR, Thorburn D, Oien KA, Morris AJ, Stanley AJ. Hepatic granulomas: a 10 year 
single centre experience. J Clin Pathol 2003;56:850–3. 

Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban TJ, et al. Genetic 
variation in IL28B predicts hepatitis C treatment-induced viral clearance. Nature 
2009;461(7262):399–401. 

Ghany MG, Strader DB, Thomas DL, Seeff LB. Diagnosis, management, and treatment 
of hepatitis C: an update. Hepatology 2009;49:1335–74. 

Ghany MG, Nelson DR, Strader DB, Thomas DL, Seeff LB. An Update on Treatment 
of Genotype 1 Chronic Hepatitis C Virus Infection: 2011 Practice Guideline by the 
American Association for the Study of Liver Diseases. Hepatology 2011;54(4): 
1433–44. 

Gheorghe L, Csiki IE , Iacob S, Gheorghe C, Smira G, Regep L. The prevalence and 
risk factors of hepatitis C virus infection in adult population in Romania: a nation-
wide survey 2006 - 2008. J Gastrointestin Liver Dis 2010;19:373–9. 

Grebely J, Page K, Sacks-Davis R, van der Loeff MS, Rice TM, Bruneau J, et al. The 
effects of female sex, viral genotype, and IL28B genotype on spontaneous clearance 
of acute hepatitis C virus infection. Hepatology 2014;59(1):109–20. 

Griffin SD, Beales LP, Clarke DS, Worsfold O, Evans SD, Jaeger J, et al. The p7 
protein of hepatitis C virus forms an ion channel that is blocked by the antiviral 
drug, Amantadine. FEBS Lett 2003;535:34–8. 

Gutelius B, Perz JF, Parker MM, Hallack R, Stricof R, Clement EJ, et al. Multiple 
clusters of hepatitis virus infections associated with anesthesia for outpatient 
endoscopy procedures. Gastroenterology 2010;139:163–70. 

Hadziyannis SJ, Sette H Jr, Morgan TR, Balan V, Diago M, Marcellin P, et al. 
Peginterferon-alpha 2a and ribavirin combination therapy in chronic hepatitis C: a 
randomized study of treatment duration and ribavirin dose. Ann Intern Med 
2004;140:346–55. 



63 

Hanafiah KM, Groeger J, Flaxman AD, Wiersma ST. Global Epidemiology of Hepatitis 
C Virus Infection: New Estimates of Age-Specific Antibody to HCV Seropre-
valence. Hepatology 2013;57:1333–42. 

Hatzakis A, Wait S, Bruix J, Buti M, Carballo M, Cavaleri M, et al. The state of 
hepatitis B and C in Europe: report from the hepatitis B and C summit conference*. 
J Viral Hepat 2011;18 Suppl 1:1–16. 

Heydtmann M, Adams DH. Chemokines in the immunopathogenesis of hepatitis C 
infection. Hepatology 2009;49:676–88. 

Hickman IJ, Clouston AD, MacDonald GA, Purdie DM, Prins JB, Ash S, et al. Effect of 
weight reduction on liver histology and biochemistry in patients with chronic 
hepatitis C. Gut 2002;51:89–94. 

Hofmann WP, Zeuzem S, Sarrazin C. Hepatitis C virus-related resistance mechanisms 
to interferon alpha-based antiviral therapy. J Clin Virol 2005;32:86–91. 

Hoofnagle JH, Mullen KD, Jones DB, Rustgi V, Di Bisceglie A, Peters M, et al. Treat-
ment of chronic non-A, non-B hepatitis with recombinant human alpha interferon. N 
Engl J Med 1986;315:1575–8. 

Hoofnagle JH. Hepatitis C: the clinical spectrum of disease. Hepatology 1997;26 Suppl 
1: 15–20. 

Huang CF, Yang JF, Dai CY, Huang JF, Hou NJ, Hsieh MY, et al. Efficacy and safety 
of pegylated interferon combined with ribavirin for the treatment of older patients 
with chronic hepatitis C. J Infect Dis 2010;201(5):751–9. 

Huik K, Avi R, Carrillo A, Harper N, Pauskar M, Sadam M, et al. CCR5 Haplotypes 
Influence HCV Serostatus in Caucasian Intravenous Drug Users. PLoS One 2013; 
8(7):e70561. 

Jacobson IM, Brown RS Jr, Freilich B, Afdhal N, Kwo PY, Santoro J, et al. 
Peginterferon alfa-2b and weight-based or flat-dose ribavirin in chronic hepatitis C 
patients: a randomized trial. Hepatol 2007;46(4):971–81. 

Jacobson IM, McHutchison JG, Dusheiko G, Di Bisceglie AM, Reddy KR, Bzowej NH, 
et al. Telaprevir for previously untreated chronic hepatitis C virus infection. N Engl 
J Med 2011;364:2405–16. 

Jansons J, Sudmale G, Sominskaya I, Pumpens P. Hepatitis C virus molecular epi-
demiology in Latvia. Acta Universitatis Latviensis, Biology 2004;676:65–70. 

Jardim AC, Yamasaki LH, de Queiróz AT, Bittar C, Pinho JR, Carareto CM, et al. 
Quasispecies of hepatitis C virus genotype 1 and treatment outcome with 
peginterferon and ribavirin. Infect Genet Evol 2009;9:689–98. 

Jardim AC, Bittar C, Matos RP, Yamasaki LH, Silva RA, Pinho JR, et al. Analysis of 
HCV quasispecies dynamic under selective pressure of combined therapy. BMC 
Infect Dis 2013;13:61. 

Kato N, Hijikata M, Ootsuyama Y, Nakagawa M, Ohkoshi S, Sugimura T, et al. 
Molecular cloning of the human hepatitis C virus genome from Japanese patients 
with non-A, non-B hepatitis. Proc Natl Acad Sci USA 1990;87:9524–28. 

Khattab MA, Ferenci P, Hadziyannis SJ, Colombo M, Manns MP, Almasio PL, et al. 
Management of hepatitis C virus genotype 4: recommendations of an international 
expert panel. J Hepatol 2011;54(6):1250–62. 

Klenerman P, Gupta PK. Hepatitis C virus: current concepts and future challenges. Q J 
Med 2012;105:29–32. 

Kmieciak D, Kruszyna Ł, Migdalski P, Łaciński M, Juszczyk J, Trzeciak WH. 
Mutations within protein kinase R-binding domain of NS5A protein of hepatitis C 
virus (HCV) and specificity of HCV antibodies in pretreatment sera of HCV-



64 

chronically infected patients and their effect on the result of treatment. Jpn J Infect 
Dis 2006;59:92–9. 

Kohashi T, Maekawa S, Sakamoto N, Kurosaki M, Watanabe H, Tanabe Y, et al. Site-
specific mutation of the interferon sensitivity-determining region (ISDR) modulates 
hepatitis C virus replication. J Viral Hepat 2006;13:582–90. 

Kumthip K, Pantip C, Chusri P, Thongsawat S, O’Brien A, Nelson KE, et al. Corre-
lation between mutations in the core and NS5A genes of hepatitis C virus genotypes 
1a, 1b, 3a, 3b, 6f and the response to pegylated interferon and ribavirin combination 
therapy. J Viral Hepat 2011;18(4):e117–25. 

Larrubia JR, Benito-Martínez S, Calvino M, Sanz-de-Villalobos E, Parra-Cid T. Role of 
chemokines and their receptors in viral persistence and liver damage during chronic 
hepatitis C virus infection. World J Gastroenterol 2008;14(47):7149–59. 

Lavanchy D. Evolving epidemiology of hepatitis C virus. Clin Microbiol Infect 2011; 
17:107–15. 

Leandro G, Mangia A, Hui J, Fabris P, Rubbia-Brandt L, Colloredo G, et al. Relation-
ship between steatosis, inflammation, and fibrosis in chronic hepatitis C: a meta-
analysis of individual patient data. Gastroenterology 2006;130(6):1636–42. 

Le Guillou-Guillemette H, Vallet S, Gaudy-Graffin C, Payan C, Pivert A, Goudeau A, 
et al. Genetic diversity of the hepatitis C virus: impact and issues in the antiviral 
therapy. World J Gastroenterol 2007;13:2416–26. 

Liakina V, Speiciene D, Irnius A, Valantinas J. Changes in hepatitis C virus infection 
routes and genotype distribution in a Lithuanian cohort with chronic hepatitis C. 
Med Sci Monit 2009;15(4):17–23. 

Lindsay KL, Trepo C, Heinges T, Shiffman ML, Gordon SC, Hoefs JC, et al. A 
randomized double-blind trial comparing pegylated interferon alfa-2b to interferon 
alfa-2b as initial treatment for chronic hepatitis C. Hepatology 2001;34:395–403. 

Lindsay KL. Introduction to therapy of hepatitis C. Hepatology 2002;36(5 Suppl 
1):S114–20. 

Maekawa S, Enomoto N. Viral factors influencing the response to the combination 
therapy of peginterferon plus ribavirin in chronic hepatitis C. J Gastroenterol 
2009;44(10):1009–15. 

Mangia A, Thompson AJ, Santoro R, Piazzolla V, Tillmann HL, Patel K, et al. An 
IL28B polymorphism determines treatment response of hepatitis C virus genotype 2 
or 3 patients who do not achieve a rapid virologic response. Gastroenterology 
2010;139(3):821–7. 

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 randomized trial. Lancet 2001; 
358(9286):958–65. 

Marcellin P, Cheinquer H, Curescu M, Dusheiko GM, Ferenci P, Horban A, et al. High 
sustained virologic response rates in rapid virologic response patients in the large 
real-world PROPHESYS cohort confirm results from randomized clinical trials. 
Hepatology 2012;56(6):2039–50.  

Margus B, Salupere R, Ott K. Kroonilise C-hepatiidi ravijuhend (in Estonian). Eesti 
Arst 2007;86(10):778–83. 

Marongiu A, Hope VD, Parry JV, Ncube F. Male IDUs who have sex with men in 
England, Wales and Northern Ireland: are they at greater risk of bloodborne virus 
infection and harm than those who only have sex with women? Sex Transm Infect 
2012;88(6):456–61. 



65 

Martinot-Peignoux M, Stern C, Maylin S, Ripault,MP, Boyer N, Leclere L et al. Twelve 
weeks posttreatment follow-up is as relevant as 24 weeks to determine the sustained 
virologic response in patients with hepatitis C virus receiving pegylated interferon 
and ribavirin. Hepatology 2010;51:1122–6. 

Mauss S, Hueppe D, John C, Goelz J, Heyne R, Moeller B, et al. Estimating the 
likelihood of sustained virological response in chronic hepatitis C therapy. J Viral 
Hepat 2011;18(4):e81–90. 

Mauss S, Berg T, Rockstroh J, Sarrazin C, Wedemeyer H. Short Guide to Hepatitis C. 
Flying Publisher Edition 2014. 

McGowan C, Fried M. Barriers to hepatitis C treatment. Liver Int 2012;32:151–6. 
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. N Engl J Med 1998;339:1485–92. 

McHutchison JG, Manns M, Patel K, Poynard T, Lindsay KL, Trepo C, et al. 
Adherence to combination therapy enhances sustained response in genotype-1-
infected patients with chronic hepatitis C. Gastroenterol 2002;123(4):1061–9. 

McHutchison JG, Lawitz EJ, Shiffman ML, Muir AJ, Galler GW, McCone J, et al. 
Peginterferon alfa-2b or alfa-2a with ribavirin for treatment of hepatitis C infection. 
N Engl J Med 2009;361:580–93. 

McKechnie VM, Mills PR, McCruden EA. The NS5a gene of hepatitis C virus in 
patients treated with interferon-alpha. J Med Virol 2000;60(4):367–78. 

Melia MT, Muir AJ, McCone J, Shiffman ML, King JW, Herrine SK, et al. Racial 
differences in hepatitis C treatment eligibility. Hepatology 2011;54(1):70–8. 

Monaco S, Ferrari S, Gajofatto A, Zanusso G, Mariotto S. HCV-related nervous system 
disorders. Clin Dev Immunol 2012;236148. 

Moriishi K, Matsuura Y. Exploitation of lipid components by viral and host proteins for 
hepatitis C virus infection. Front Microbiol 2012;3:54. 

Muñoz de Rueda P, Casado J, Patón R, Quintero D, Palacios A, Gila A, et al. Mutations 
in E2-PePHD, NS5A-PKRBD, NS5A-ISDR, and NS5A-V3 of hepatitis C virus 
genotype 1 and their relationships to pegylated interferon-ribavirin treatment 
responses. J Virol 2008;82:6644–53. 

Murakami J, Nagata I, Iitsuka T, Okamoto M, Kaji S, Hoshika T, et al. Risk factors for 
mother-to-child transmission of hepatitis C virus: Maternal high viral load and fetal 
exposure in the birth canal. Hepatol Res 2012;42(7):648–57.  

Murphy MD, Rosen HR, Marousek GI, Chou S. Analysis of sequence configurations of 
the ISDR, PKR-binding domain, and V3 region as predictors of response to 
induction interferon-alpha and ribavirin therapy in chronic hepatitis C infection. Dig 
Dis Sci 2002;47:1195–205. 

Al Naamani K, Al Sinani S, Deschênes M. Epidemiology and treatment of hepatitis C 
genotypes 5 and 6. Can J Gastroenterol 2013;27(1):e8–12. 

Navaneethan U, Kemmer N, Neff GW. Predicting the probable outcome of treatment in 
HCV patients. Therap Adv Gastroenterol 2009;2(5):287–302. 

Neumann AU, Lam NP, Dahari H, Davidian M, Wiley TE, Mika BP, et al. Differences 
in viral dynamics between genotypes 1 and 2 of hepatitis C virus. J Infect Dis 
2000;182:28–35. 

Noguchi T, Tamori A, Ogura N, Hori Y, Ikeda S, Nishiguchi S. Investigation of 
interferon-α response by a single amino acid substitution of nonstructural protein 5A 
in hepatitis C virus-infected patients. J Interferon Cytokine Res 2011;31:589–99. 



66 

Nousbaum J, Polyak SJ, Ray SC, Sullivan DG, Larson AM, Carithers RL Jr, et al. 
Prospective characterization of full-length hepatitis C virus NS5A quasispecies 
during induction and combination antiviral therapy. J Virol 2000;74:9028–38. 

Ogata N, Alter HJ, Miller RH, Purcell RH. Nucleotide sequence and mutation rate of 
the H strains of hepatitis C virus. Proc Nat Acad Sci USA 1991;88:3392–6. 

Okanoue T, Itoh Y, Hashimoto H, Yasui K, Minami M, Takehara T, et al. Predictive 
values of amino acid sequences of the core and NS5A regions in antiviral therapy 
for hepatitis C: a Japanese multi-center study. J Gastroenterol 2009;44(9):952–63. 

Par A, Kisfali P, Melegh B. Cytokine (IL-10, IL-28B and LT-A) gene polymorphisms 
in chronic hepatitis C virus infection. Int J Clin Exp Med 2011;5(1):9–19.  

Pár A, Pár G, Tornai I, Szalay F, Várszegi D, Fráter E, et al. IL28B and IL10R -1087 
polymorphisms are protective for chronic genotype 1 HCV infection and predictors 
of response to interferon-based therapy in an East-Central European cohort. BMC 
Res Notes 2014;7(1):12. 

Pascu M, Martus P, Höhne M, Wiedenmann B, Hopf U, Schreier E, et al. Sustained 
virological response in hepatitis C virus type 1b infected patients is predicted by the 
number of mutations within the NS5A-ISDR: a meta-analysis focused on 
geographical differences. Gut 2004;53:1345–51. 

Pawlotsky JM, Tsakiris L, Roudot-Thoraval F, Pellet C, Stuyver L, Duval J, et al. 
Relationship between hepatitis C virus genotypes and sources of infection in patients 
with chronic hepatitis C. J Infect Dis 1995;171:1607–10. 

Pearlman BL, Ehleben C, Saifee S. Treatment extension to 72 weeks of peginterferon 
and ribavirin in hepatitis c genotype 1-infected slow responders. Hepatology 
2007;46(6):1688–94. 

Penin F, Combet C, Germanidis G, Frainais PO, Deleage G, Pawlotsky JM. Con-
versation of the conformation and positive charges of hepatitis C virus E2 envelope 
glycoprotein hypervariable region 1 points to a role in cell attachment. J Virol 
2001;75:5703–10.  

Penin F, Dubuisson J, Rey FA, Moradpour D, Pawlotsky JM. Structural biology of 
hepatitis C virus. Hepatology 2004;39(1):5–19. 

Poordad F, Reddy KR, Martin P. Rapid virologic response: a new milestone in the 
management of chronic hepatitis C. Clin Infect Dis 2008;46(1):78–84. 

Poordad F, McCone Jr J, Bacon BR, Bruno S, Manns MP, Sulkowski MS, et al. Bo-
ceprevir for untreated chronic HCV genotype 1 infection. N Engl J Med 
2011;364:1195–206. 

Poordad F, Dieterich D. Treating hepatitis C: current standard of care and emerging 
direct-acting antiviral agents. J Viral Hepat 2012;19(7):449–64. 

Post J, Ratnarajah S, Lloyd AR. Immunological determinants of the outcomes from 
primary hepatitis C infection. Cell Mol Life Sci 2009;66:733–56. 

Potter CW, Phair JP, Vodinelich L, Fenton R, Jennings R. Antiviral, immunosuppress-
sive and antitumour effects of ribavirin. Nature 1976;259(5543):496–7. 

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 hepatitis 
C virus. International Hepatitis Interventional Therapy Group. Lancet 1998; 352: 
1426–32. 

Priimägi L, Tefanova V, Tallo T. Emerging viral hepatitis B and C in Estonia. G. Be-
rencsi, A.S. Khan, J. Haloužka. Emerging Biological Threat. Amsterdam; Washing-
ton, DC: IOS Press, 2005;20–5. 



67 

Puig-Basagoiti F, Forns X, Furcić I, Ampurdanés S, Giménez-Barcons M, Franco S, et 
al. Dynamics of hepatitis C virus NS5A quasispecies during interferon and ribavirin 
therapy in responder and non-responder patients with genotype 1b chronic hepatitis 
C. J Gen Virol 2005;86(4):1067–75. 

Quoilin S, Hutse V, Vandenberghe H, Claeys F, Verhaegen E, De Cock L, et al. A 
population-based prevalence study of hepatitis A, B and C virus using oral fluid in 
Flanders, Belgium. Eur J Epidemiol 2007;22:195–202.  

Ramos-Casals M, Mañá J, Nardi N, Brito-Zerón P, Xaubet A, Sánchez-Tapias JM, et al. 
Sarcoidosis in patients with chronic hepatitis C virus infection: analysis of 68 cases. 
Medicine (Baltimore) 2005;84:69–80. 

Reddy KR, Messinger D, Popescu M, Hadziyannis SJ. Peginterferon alpha-2a (40 kDa) 
and ribavirin: comparable rates of sustained virological response in sub-sets of older 
and younger HCV genotype 1 patients. J Viral Hepat 2009;16(10):724–31. 

Rehermann B. Hepatitis C virus versus innate and adaptive immune responses: a tale of 
coevolution and coexistence. J Clin Invest 2009;119(7):1745–54. 

Rijnbrand RC, Lemon SM. Internal ribosome entry site-mediated translation in hepatitis 
C virus replication. Curr Top Microbiol Immunol 2000;242:85–116. 

Rodriguez-Torres M. Latinos and chronic hepatitis C: a singular population. Clin 
Gastroenterol Hepatol 2008;6:484–90. 

Saludes V, Bracho MA, Valero O, Ardevol M, Planas R, Gonzalez-Candelas F, et al. 
Baseline prediction of combination therapy outcome in hepatitis C virus 1b infected 
patients by discriminant analysis using viral and host factors. PloS One 2010; 
5(11):e14132. 

Santantonio T, Wiegand J, Gerlach JT: Acute hepatitis C: current status and remaining 
challenges. J Hepatol 2008;49(4):625–33. 

Sarrazin C, Herrmann E, Bruch K, Zeuzem S. Hepatitis C Virus Nonstructural 5A 
Protein and Interferon Resistance: a New Model for Testing the Reliability of 
Mutational Analyses. J Virol 2002;76:11079–90. 

Sarrazin C, Susser S, Doehring A, Lange CM, Müller T, Schlecker C, et al. Importance 
of IL28B gene polymorphisms in hepatitis C virus genotype 2 and 3 infected 
patients. J Hepatol 2011;54(3):415–21. 

Savvidou S, Chrysagis D, Papatheodoridis G, Manolakopoulos S, Triantos C, Goulis J. 
The Impact of Host Metabolic Factors on Treatment Outcome in Chronic Hepatitis 
C. Gastroenterol Res Pract 2012;2012:420156. 

Schinkel J, Spaan WJ, Kroes AC. Meta-analysis of mutations in the NS5A gene and 
hepatitis C virus resistance to interferon therapy: uniting discordant conclusions. 
Antivir Ther 2004;9(2):275–86. 

Seeff LB. Natural history of chronic hepatitis C. Hepatology 2002;36:35–46. 
Selzner N, McGilvray I. Can genetic variations predict HCV treatment outcomes? J 

Hepatol 2008; 49:494–497. 
Sharma SD. Hepatitis C virus: molecular biology & current therapeutic options. Indian J 

Med Res 2010;131:17–34. 
Sherman KE, Flamm SL, Afdhal NH, Nelson DR, Sulkowski MS, Everson GT, et al. 

Response-guided telaprevir combination treatment for hepatitis C virus infection. N 
Engl J Med 2011;365:1014–24. 

Shiffman ML, Diago M, Tran A, Pockros P, Reindollar R, Prati D, et al. Chronic heap-
titis C in patients with persistently normal alanine transaminase levels. Clin Gastro-
enterol Hepatol 2006;4(5):645–52. 



68 

Shiffman ML, Suter F, Bacon BR, Nelson D, Harley H, Solá 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. 

Sievert W, Altraif I, Razavi HA, Abdo A, Ahmed EA, Alomair A, et al. A systematic 
review of hepatitis C virus epidemiology in Asia, Australia and Egypt. Liver Int 
2011;2:61–80. 

Silva IS, Ferraz ML, Perez RM, Lanzoni VP, Figueiredo VM, Silva AE. Role of 
gamma-glutamyl transferase activity in patients with chronic hepatitis C virus 
infection. J Gastroenterol Hepatol 2004;19(3):314–8. 

Simmonds P, Bukh J, Combet C, Deléage G, Enomoto N, Feinstone S, et al. Consensus 
proposals for a unified system of nomenclature of hepatitis C virus genotypes. 
Hepatol 2005;42:962–73. 

Smith DB, Bukh J, Kuiken C, Muerhoff AS, Rice CM, Stapleton JT, et al. Expanded 
classification of hepatitis C virus into 7 genotypes and 67 subtypes, updated criteria 
and assignment web resource. Hepatology 2014;59:318–27. 

Squadrito G, Raffa G, Restuccia T, Pollicino T, Brancatelli S, Raimondo G. Is 
investigation of hepatitis C virus NS5A gene heterogeneity a tool for predicting 
long-lasting response to interferon therapy in patients with HCV-1b chronic heap-
titis? J Viral Hepat 2002;9(5):360–9. 

Steinhauer DA, Domingo E, Holland JJ. Lack of evidence for proofreading mechanisms 
associated with an RNA virus polymerase. Gene 1992;122:281–8. 

Sulkowski MS, Cooper C, Hunyady B, Jia J, Ogurtsov P, Peck-Radosavljevic M, et al. 
Management of adverse effects of Peg-IFN and ribavirin therapy for hepatitis C. Nat 
Rev Gastroenterol Hepatol 2011;8:212–23. 

Swain MG, Lai MY, Shiffman ML, Cooksley WG, Zeuzem S, Dieterich DT, et al. A 
sustained virological response is durable in patients with chronic hepatitis C treated 
with peginterferon alpha-2a and ribavirin. Gastroenterology 2010;139:1593–601. 

Tallo T, Lappalainen M, Tefanova V, Priimägi L. Distribution of hepatitis C virus 
genotypes in patients with chronic hepatitis C in Northern Estonia. Acta Virologica 
2000;44(3/4):175–8.  

Tallo T, Norder H, Tefanova V, Krispin T, Schmidt J, Ilmoja M, et al. Genetic 
characterization of hepatitis C virus strains in Estonia: fluctuations in the pre-
dominating subtype with time. J Med Virol 2007;79(4):374–82. 

Tallo T, Tefanova V, Plahhova T, Priimägi L, Kuznetsova T, Norder H. Changes in 
HCV subtypes distribution in Estonian blood donors, 1999–2009. 14th Annual 
meeting of the ESCV, Funchal, Madeira, 21–24 September 2011, Abstract book, 
p120. 

Tan SL, Katze MG. How hepatitis C virus counteracts the interferon response: the jury 
is still out on NS5A. Virology 2001;284:1–12. 

Tanioka D, Iwasaki Y, Araki Y, Osawa T, Ikeda H, Ando M, et al. Factors associated 
with adherence to combination therapy of interferon and ribavirin for patients with 
chronic hepatitis C: importance of patient’s motivation and physician’s treatment 
experience. Liver Int 2009;29(5):721–9. 

Te HS, Randall G, Jensen DM. Mechanism of action of ribavirin in the treatment of 
chronic hepatitis C. Gastroenterol Hepatol 2007;3(3):218–25. 

Tefanova V, Tallo T, Kutsar K, Priimägi L. Current trends in the epidemiology of viral 
hepatitis B and C in Estonia.  EpiNorth 2005;6(3):57–61. 

Tefanova V, Tallo T, Kutsar K, Priimägi L. Urgent action needed to stop spread of 
hepatitis B and C in Estonian drug users. Euro surveillance:European communicable 
disease bulletin 2006;11(1):E060126.3. 



69 

Tellinghuisen TL, Rice CM. Interaction between hepatitis C virus proteins and host cell 
factors. Curr Opin Microbiol 2002;5:419–27. 

Thiel HJ, Collett MS, Gould EA, Heinz FX, Houghton M, Meyers G. Family Flavi-
viridae. In: Fauquet CM, Mayo MA, Maniloff J, Desselberger U, Ball LA, eds. 
Virus Taxonomy, VIIIth Report of the ICTV, San Diego: Academic Press 2005; 
979–96. 

Tohme RA, Holmberg SD. Is sexual contact a major mode of hepatitis C virus trans-
mission? Hepatology 2010;52(4):1497–505. 

Toyoda H, Kumada T, Tada T, Arakawa T, Hayashi K, Honda T, et al. Association 
between HCV amino acid substitutions and outcome of peginterferon and ribavirin 
combination therapy in HCV genotype 1b and high viral load. J Gastroenterol 
Hepatol 2010;25:1072–8.  

Uuskula A, McNutt LA, Dehovitz J, Fischer K, Heimer R. High prevalence of blood-
borne virus infections and high-risk behaviour among injecting drug users in 
Tallinn, Estonia. Int J STD AIDS 2007;18(1):41–6. 

Veillon P, Payan C, Gaudy C, Goudeau A, Lunel F. Mutation analysis of ISDR and V3 
domains of hepatitis C virus NS5A region before interferon therapy with or without 
ribavirin. Pathol Biol 2004;52:505–10. 

Veillon P, Payan C, Le Guillou-Guillemette H, Gaudy C, Lunel F. Quasispecies 
evolution in NS5A region of hepatitis C virus genotype 1b during interferon or 
combined interferon-ribavirin therapy. World J Gastroenterol 2007;13(8):1195–203. 

Veldt BJ, Heathcote EJ, Wedemeyer H, Reichen J, Hofmann WP, Zeuzem S, et al. 
Sustained virologic response and clinical outcomes in patients with chronic hepatitis 
C and advanced fibrosis. Ann Intern Med 2007;147(10):677–84. 

Watanabe K, Yoshioka K, Yano M, Ishigami M, Ukai K, Ito H, et al. Mutations in the 
nonstructural region 5B of hepatitis C virus genotype 1b: their relation to viral load, 
response to interferon, and the nonstructural region 5A. J Med Virol 2005;75(4): 
504–12. 

Weich V, Herrmann E, Chung TL, Sarrazin C, Hinrichsen H, Buggisch P, et al. The 
determination of GGT is the most reliable predictor of nonresponsiveness to 
interferon-alpha based therapy in HCV type-1 infection. J Gastroenterol 2011; 
46(12):1427–36. 

Wohnsland A, Hofmann WP, Sarrazin C. Viral determinants of resistance to treatment 
in patients with hepatitis C. Clin Microbiol Rev 2007;20(1):23–38. 

World Health Organisation. Hepatitis C. Fact sheet N164, updated July 2013, 
http://www.who.int/mediacentre/factsheets/fs164/en/, accessed 2nd December 2013. 

World Health Organisation. Global policy report on the prevention and control of viral 
hepatitis. 2013,114, 
www.who.int/iris/bitstream/10665/85397/1/9789241564632_eng.pdf , accessed 2nd 
December 2013. 

World Health Organisation. Guidelines for the screening, care and treatment of persons 
with hepatitis C infection. 2014.  

Wölk B, Sansonno D, Kräusslich HG, Dammacco F, Rice CM, Blum HE, et al. Sub-
cellular localization, stability, and trans-cleavage competence of the hepatitis C virus 
NS3-NS4A complex expressed in tetracycline-regulated cell lines. J Virol 
2000;74(5):2293–304. 

Yamasaki LH, Arcuri HA, Jardim AC, Bittar C, Bittar C, de Carvalho-Mello IM, et al. 
New insights regarding HCV-NS5A structure/function and indication of genotypic 
differences. Virol J 2012;9:14. 



70 

Yano Y, Seo Y, Miki A, Saito M, Kato H, Hamano K, et al. Mutations in non-structural 
5A and rapid viral response to pegylated interferon-α-2b plus ribavirin therapy are 
associated with therapeutic efficacy in patients with genotype 1b chronic hepatitis C. 
Int J Mol Med 2012;30(5):1048–52. 

Yu JW, Sun LJ, Zhao YH, Kang P, Yan BZ. Impact of sex on virologic response rates 
in genotype 1 chronic hepatitis C patients with peginterferon alpha-2a and ribavirin 
treatment. Int J Infect Dis 2011;15(11):740–6. 

Yu ML, Chuang WL. Treatment of chronic hepatitis C in Asia: when East meets West. 
J Gastroenterol Hepatol 2009;24(3):336–45. 

Yuan L, Yuan J, Li Y, Li S, Duan X, Liu B, et al. Host factors to predict treatment 
response in HCV patients: implications for individualized therapy and translational 
medicine for HCV management. J Bioanal Biomed 2013;5:e121. 

Zaltron S, Spinetti A, Biasi L, Baiguera C, Castelli F. Chronic HCV infection: epi-
demiological and clinical relevance. BMC Infect Dis 2012;12 Suppl 2:S2. 

Zeuzem S, Schmidt JM, Lee JH, Rüster B, Roth WK. Effect of interferon alfa on the 
dynamics of hepatitis C virus turnover in vivo. Hepatology 1996;23(2):366–71. 

Zeuzem S, Feinman SV, Rasenack J, Heathcote EJ, Lai MY, Gane E, et al. Peginter-
feron alfa-2a in patients with chronic hepatitis C. N Engl J Med 2000;343:1666–73. 

Zeuzem S, Herrmann E, Lee JH, Fricke J, Neumann AU, Modi M, et al. Viral kinetics 
in patients with chronic hepatitis C treated with standard or peginterferon alpha-2a. 
Gastroenterology 2001;120(6):1438–47. 

Zeuzem S, Hultcrantz R, Bourliere M, Goeser T, Marcellin P, Sanchez-Tapias J, et al. 
Peginterferon alfa-2b plus ribavirin for treatment of chronic hepatitis C in previously 
untreated patients infected with HCV genotypes 2 or 3. J Hepatol 2004;40(6):993–9. 

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. 

Zeuzem S, Soriano V, Asselah T, Bronowicki JP, Lohse AW, Müllhaupt B, Faldaprevir 
and deleobuvir for HCV genotype 1 infection. N Engl J Med 2013;369(7):630–9. 

Zhou XM, Chan PK, Tam JS. Mutations around interferon sensitivity-determining 
region: a pilot resistance report of hepatitis C virus 1b in a Hong Kong population. 
World J Gastroenterol 2011;17:5317–23. 

Zibert A, Kraas W, Meisel H, Jung G, Roggendorf M. Epitope mapping of antibodies 
directed against hypervariable region 1 in acute selflimiting and chronic infections 
due to hepatitis C virus. J Virol 1997;71:4123–7. 

Zignego AL, Ferri C, Pileri SA, Caini P, Bianchi FB. Extrahepatic manifestations of 
Hepatitis C Virus infection: a general overview and guidelines for a clinical 
approach. Dig Liver Dis 2007;39:2–17. 

Zusinaite E, Krispin T, Raukas E, Kiiver K, Salupere R, et al. Hepatitis C virus geno-
types in Estonia. APMIS 2000;108(11):739–46. 

Zusinaite E, Metsküla K, Salupere R. Autoantibodies and hepatitis C virus genotypes in 
chronic hepatitis C patients in Estonia. World J Gastroenterol 2005;11(4):488–91. 

 
 
 
 
 
 



 
 

 

 

 

PUBLICATIONS 

 



CURRICULUM VITAE 

Name: Vadim Brjalin
Date of Birth: 07.04.1967
Citizenship: Estonian
Address: West-Tallinn Central Hospital, Department of Internal 

Medicine, Paldiski Road 68, 10617, Tallinn, Estonia 
Phone: +372 56 916 257
E-mail: vbrjalin@gmail.com 

 
Education:  
2008–2014     PhD student, University of Tartu, Department of Internal 

Medicine 
2002 Postgraduated courses, University of Copenhagen, 

Denmark
2002 Postgarduated courses, Erlangen University, Germany 
1994–1996     Postgraduated courses, Petersburg State Medical Academy, 

Russia 
1991–1992     Internship, Military Medical Academy, Petersburg, Russia 
1984–1990     Military Medical Academy diploma cum laude, Petersburg, 

Russia 
1974–1984     Tallinn 26. Secondary School 

 
Employment:  
2002– West-Tallinn Central Hospital, Department of Internal 

Medicine
2000–2002     Tallinn Mäekalda Polyclinic, gastroenterologist
1999–2000     IECM, Department of Oncology, researcher
1997–1998     Intstitue of Experimenthal and Clinical Medicine (IECM), 

Department of Statistics, researcher
1992–1994     Tallinn Hospital, internist, endoscopist 

 
Scientific works:  
Fields Chronic hepatitis C
Membership Estonian Society of Gastroenterology 

Estonian Medical Association 
Estonian Society of Gastrointestinal Endoscopy 
European Association for Study of Liver Diseases 
 

 
 
 

109 



 

ELULOOKIRJELDUS 

Nimi:                   Vadim Brjalin
Sünniaeg: 07.04.1967
Aadress:              Lääne-Tallinna Keskhaigla, Paldiski mnt. 68, 10617, Tallinn, 

Eesti 
Telefon:               (+372) 56 916 257
E-post: 
                    

vbrjalin@gmail.com

Hariduskäik: 
2008–2014    
2002 
2002 
1994–1996  
              
1991–1992           
1984–1990 
             
1976–1984           

 
TÜ Sisekliinik doktorant 
Täiendkoolitus Kopenhaageni Ülikoolis, Taani 
Täiendkoolitus Erlangeni Ülikoolis, Saksamaa 
Täienduskursused Peterburi Riiklikus Meditsiiniakadeemias, 
Venemaa 
Leningraadi Sõjameditsiini Akadeemia, internatuur 
Leningraadi Sõjameditsiini Akadeemia, ravi eriala,  
cum laude 
Tallinna 26. Keskkool 
 

Teenistuskäik: 
2002–                   
2000–2002           
1999–2000           
1997–1998  
 
            
1992–1994 
 

 
Lääne-Tallinna Keskhaigla, gastroenteroloog  
Tallinna Mäekalda Polikliinik, gastroenteroloog  
EKMI, onkoloogia osakond, teadur  
Eksperimentaalse ja Kliinilise Meditsiini Instituut (EKMI), 
epidemioloogia ja biostatistika osakond,                         
gastroenteroloogia töörühm, teadur  
Tallinna Haigla, sisearst, endoskopist 

Teadus- ja erialane tegevus:
Valdkonnad:        Krooniline C-hepatiit
Publikatsioonid: 4 rahvusvahelistes meditsiiniajakirjades, 1 Eesti Arstis 
Liikmelisus: Eesti Gastroenteroloogide Selts 

Eesti Gastrointestinaalse Endoskoopia Ühing 
Eesti Arstide Selts 
Euroopa Maksahaiguste Assotsiatsioon 
 

 
 

110



DISSERTATIONES MEDICINAE  
UNIVERSITATIS TARTUENSIS 

 

 1. Heidi-Ingrid Maaroos. The natural course of gastric ulcer in connection 
with chronic gastritis and Helicobacter pylori. Tartu, 1991. 

 2. Mihkel Zilmer. Na-pump in normal and tumorous brain tissues: Structu-
ral, functional and tumorigenesis aspects. Tartu, 1991. 

 3. Eero Vasar. Role of cholecystokinin receptors in the regulation of beha-
viour and in the action of haloperidol and diazepam. Tartu, 1992. 

 4. Tiina Talvik. Hypoxic-ischaemic brain damage in neonates (clinical, 
biochemical and brain computed tomographical investigation). Tartu, 1992. 

 5. Ants Peetsalu. Vagotomy in duodenal ulcer disease: A study of gastric 
acidity, serum pepsinogen I, gastric mucosal histology and Helicobacter 
pylori. Tartu, 1992. 

 6. Marika Mikelsaar. Evaluation of the gastrointestinal microbial ecosystem 
in health and disease. Tartu, 1992. 

 7. Hele Everaus. Immuno-hormonal interactions in chronic lymphocytic leu-
kaemia and multiple myeloma. Tartu, 1993. 

 8. Ruth Mikelsaar. Etiological factors of diseases in genetically consulted 
children and newborn screening: dissertation for the commencement of the 
degree of doctor of medical sciences. Tartu, 1993. 

 9. Agu Tamm. On metabolic action of intestinal microflora: clinical aspects. 
Tartu, 1993. 

 10. Katrin Gross. Multiple sclerosis in South-Estonia (epidemiological and 
computed tomographical investigations). Tartu, 1993. 

 11. Oivi Uibo. Childhood coeliac disease in Estonia: occurrence, screening, 
diagnosis and clinical characterization. Tartu, 1994. 

 12. Viiu Tuulik. The functional disorders of central nervous system of che-
mistry workers. Tartu, 1994. 

 13. Margus Viigimaa. Primary haemostasis, antiaggregative and anticoagulant 
treatment of acute myocardial infarction. Tartu, 1994. 

 14. Rein Kolk. Atrial versus ventricular pacing in patients with sick sinus 
syndrome. Tartu, 1994. 

 15. Toomas Podar. Incidence of childhood onset type 1 diabetes mellitus in 
Estonia. Tartu, 1994. 

 16. Kiira Subi. The laboratory surveillance of the acute respiratory viral 
infections in Estonia. Tartu, 1995. 

17.  Irja Lutsar. Infections of the central nervous system in children (epidemi-
ologic, diagnostic and therapeutic aspects, long term outcome). Tartu, 1995. 

18.  Aavo Lang. The role of dopamine, 5-hydroxytryptamine, sigma and 
NMDA receptors in the action of antipsychotic drugs. Tartu, 1995. 

19.  Andrus Arak. Factors influencing the survival of patients after radical 
surgery for gastric cancer. Tartu, 1996. 

20.  Tõnis Karki. Quantitative composition of the human lactoflora and 
method for its examination. Tartu, 1996. 

111 



 

21. Reet Mändar. Vaginal microflora during pregnancy and its transmission 
to newborn. Tartu, 1996.  

22. Triin Remmel. Primary biliary cirrhosis in Estonia: epidemiology, clinical 
characterization and prognostication of the course of the disease. Tartu, 
1996. 

23. Toomas Kivastik. Mechanisms of drug addiction: focus on positive rein-
forcing properties of morphine. Tartu, 1996.  

24.  Paavo Pokk. Stress due to sleep deprivation: focus on GABAA receptor-
chloride ionophore complex. Tartu, 1996. 

25. Kristina Allikmets. Renin system activity in essential hypertension. As-
sociations with atherothrombogenic cardiovascular risk factors and with 
the efficacy of calcium antagonist treatment. Tartu, 1996. 

26. Triin Parik. Oxidative stress in essential hypertension: Associations with 
metabolic disturbances and the effects of calcium antagonist treatment. 
Tartu, 1996. 

27.  Svetlana Päi. Factors promoting heterogeneity of the course of rheumatoid 
arthritis. Tartu, 1997.  

28. Maarike Sallo. Studies on habitual physical activity and aerobic fitness in 
4 to 10 years old children. Tartu, 1997. 

29. Paul Naaber. Clostridium difficile infection and intestinal microbial eco-
logy. Tartu, 1997. 

30. Rein Pähkla. Studies in pinoline pharmacology. Tartu, 1997. 
31. Andrus Juhan Voitk. Outpatient laparoscopic cholecystectomy. Tartu, 1997. 
32. Joel Starkopf. Oxidative stress and ischaemia-reperfusion of the heart. 

Tartu, 1997. 
33.  Janika Kõrv. Incidence, case-fatality and outcome of stroke. Tartu, 1998. 
34. Ülla Linnamägi. Changes in local cerebral blood flow and lipid peroxida-

tion following lead exposure in experiment. Tartu, 1998. 
35. Ave Minajeva. Sarcoplasmic reticulum function: comparison of atrial and 

ventricular myocardium. Tartu, 1998. 
36. Oleg Milenin. Reconstruction of cervical part of esophagus by revascular-

ised ileal autografts in dogs. A new complex multistage method. Tartu, 
1998. 

37. Sergei Pakriev. Prevalence of depression, harmful use of alcohol and 
alcohol dependence among rural population in Udmurtia. Tartu, 1998. 

38. Allen Kaasik. Thyroid hormone control over -adrenergic signalling 
system in rat atria. Tartu, 1998. 

39. Vallo Matto. Pharmacological studies on anxiogenic and antiaggressive 
properties of antidepressants. Tartu, 1998. 

40. Maire Vasar. Allergic diseases and bronchial hyperreactivity in Estonian 
children in relation to environmental influences. Tartu, 1998. 

41. Kaja Julge. Humoral immune responses to allergens in early childhood. 
Tartu, 1998. 

42. Heli Grünberg. The cardiovascular risk of Estonian schoolchildren. 
A cross-sectional study of 9-, 12- and 15-year-old children. Tartu, 1998. 

112



43. Epp Sepp. Formation of intestinal microbial ecosystem in children. Tartu, 
1998. 

44. Mai Ots. Characteristics of the progression of human and experimental 
glomerulopathies. Tartu, 1998. 

45. Tiina Ristimäe. Heart rate variability in patients with coronary artery 
disease. Tartu, 1998. 

46. Leho Kõiv. Reaction of the sympatho-adrenal and hypothalamo-pituitary-
adrenocortical system in the acute stage of head injury. Tartu, 1998. 

47. Bela Adojaan. Immune and genetic factors of childhood onset IDDM in 
Estonia. An epidemiological study. Tartu, 1999. 

48. Jakov Shlik. Psychophysiological effects of cholecystokinin in humans. 
Tartu, 1999. 

49. Kai Kisand. Autoantibodies against dehydrogenases of -ketoacids. Tartu, 
1999. 

50. Toomas Marandi. Drug treatment of depression in Estonia. Tartu, 1999. 
51. Ants Kask. Behavioural studies on neuropeptide Y. Tartu, 1999. 
52. Ello-Rahel Karelson. Modulation of adenylate cyclase activity in the rat 

hippocampus by neuropeptide galanin and its chimeric analogs. Tartu, 1999. 
53. Tanel Laisaar. Treatment of pleural empyema — special reference to 

intrapleural therapy with streptokinase and surgical treatment modalities. 
Tartu, 1999. 

54. Eve Pihl. Cardiovascular risk factors in middle-aged former athletes. 
Tartu, 1999. 

55.  Katrin Õunap. Phenylketonuria in Estonia: incidence, newborn screening, 
diagnosis, clinical characterization and genotype/phenotype correlation. 
Tartu, 1999. 

56. Siiri Kõljalg. Acinetobacter – an important nosocomial pathogen. Tartu, 
1999. 

57. Helle Karro. Reproductive health and pregnancy outcome in Estonia: 
association with different factors. Tartu, 1999. 

58. Heili Varendi. Behavioral effects observed in human newborns during 
exposure to naturally occurring odors. Tartu, 1999.  

59. Anneli Beilmann. Epidemiology of epilepsy in children and adolescents in 
Estonia. Prevalence, incidence, and clinical characteristics. Tartu, 1999. 

60. Vallo Volke. Pharmacological and biochemical studies on nitric oxide in 
the regulation of behaviour. Tartu, 1999. 

61.  Pilvi Ilves. Hypoxic-ischaemic encephalopathy in asphyxiated term infants. 
A prospective clinical, biochemical, ultrasonographical study. Tartu, 1999. 

62. Anti Kalda. Oxygen-glucose deprivation-induced neuronal death and its 
pharmacological prevention in cerebellar granule cells. Tartu, 1999. 

63.  Eve-Irene Lepist. Oral peptide prodrugs – studies on stability and 
absorption. Tartu, 2000. 

64. Jana Kivastik. Lung function in Estonian schoolchildren: relationship 
with anthropometric indices and respiratory symptomas, reference values 
for dynamic spirometry. Tartu, 2000. 

113 



65. Karin Kull. Inflammatory bowel disease: an immunogenetic study. Tartu, 
2000. 

66. Kaire Innos. Epidemiological resources in Estonia: data sources, their 
quality and feasibility of cohort studies. Tartu, 2000. 

67. Tamara Vorobjova. Immune response to Helicobacter pylori and its 
association with dynamics of chronic gastritis and epithelial cell turnover 
in antrum and corpus. Tartu, 2001. 

68. Ruth Kalda. Structure and outcome of family practice quality in the 
changing health care system of Estonia. Tartu, 2001. 

69. Annika Krüüner. Mycobacterium tuberculosis – spread and drug 
resistance in Estonia. Tartu, 2001. 

70. Marlit Veldi. Obstructive Sleep Apnoea: Computerized Endopharyngeal 
Myotonometry of the Soft Palate and Lingual Musculature. Tartu, 2001. 

71. Anneli Uusküla. Epidemiology of sexually transmitted diseases in Estonia 
in 1990–2000. Tartu, 2001. 

72. Ade Kallas. Characterization of antibodies to coagulation factor VIII. 
Tartu, 2002. 

73. Heidi Annuk. Selection of medicinal plants and intestinal lactobacilli as 
antimicrobil components for functional foods. Tartu, 2002.  

74. Aet Lukmann. Early rehabilitation of patients with ischaemic heart 
disease after surgical revascularization of the myocardium:  assessment of 
health-related quality of life, cardiopulmonary reserve and oxidative stress. 
A clinical study. Tartu, 2002. 

75. Maigi Eisen. Pathogenesis of Contact Dermatitis: participation of Oxida-
tive Stress. A clinical – biochemical study. Tartu, 2002. 

76. Piret Hussar. Histology of the post-traumatic bone repair in rats. Elabora-
tion and use of a new standardized experimental model – bicortical perfora-
tion of tibia compared to internal fracture and resection osteotomy. Tartu, 
2002. 

77. Tõnu Rätsep. Aneurysmal subarachnoid haemorrhage: Noninvasive moni-
toring of cerebral haemodynamics. Tartu, 2002. 

78. Marju Herodes. Quality of life of people with epilepsy in Estonia. Tartu, 
2003. 

79. Katre Maasalu. Changes in bone quality due to age and genetic disorders 
and their clinical expressions in Estonia. Tartu, 2003. 

80. Toomas Sillakivi. Perforated peptic ulcer in Estonia: epidemiology, risk 
factors and relations with Helicobacter pylori. Tartu, 2003. 

81. Leena Puksa. Late responses in motor nerve conduction studies. F and A 
waves in normal subjects and patients with neuropathies. Tartu, 2003. 

82. Krista Lõivukene. Helicobacter pylori in gastric microbial ecology and  
its antimicrobial susceptibility pattern. Tartu, 2003. 

83. Helgi Kolk. Dyspepsia and Helicobacter pylori infection: the diagnostic 
value of symptoms, treatment and follow-up of patients referred for upper 
gastrointestinal endoscopy by family physicians. Tartu, 2003. 

114 



84.  Helena Soomer. Validation of identification and age estimation methods 
in forensic odontology. Tartu, 2003. 

85. Kersti Oselin. Studies on the human MDR1, MRP1, and MRP2 ABC 
transporters: functional relevance of the genetic polymorphisms in the 
MDR1 and MRP1 gene. Tartu, 2003. 

86. Jaan Soplepmann. Peptic ulcer haemorrhage in Estonia: epidemiology, 
prognostic factors, treatment and outcome. Tartu, 2003. 

87. Margot Peetsalu. Long-term follow-up after vagotomy in duodenal ulcer 
disease: recurrent ulcer, changes in the function, morphology and Helico-
bacter pylori colonisation of the gastric mucosa. Tartu, 2003. 

88. Kersti Klaamas. Humoral immune response to Helicobacter pylori a 
study of host-dependent and microbial factors. Tartu, 2003. 

89. Pille Taba. Epidemiology of Parkinson’s disease in Tartu, Estonia. Pre-
valence, incidence, clinical characteristics, and pharmacoepidemiology. 
Tartu, 2003.  

90. Alar Veraksitš. Characterization of behavioural and biochemical pheno-
type of cholecystokinin-2 receptor deficient mice: changes in the function 
of the dopamine and endopioidergic system. Tartu, 2003. 

91. Ingrid Kalev. CC-chemokine receptor 5 (CCR5) gene polymorphism in 
Estonians and in patients with Type I and Type II diabetes mellitus. Tartu, 
2003. 

92. Lumme Kadaja. Molecular approach to the regulation of mitochondrial 
function in oxidative muscle cells. Tartu, 2003. 

93. Aive Liigant. Epidemiology of primary central nervous system tumours 
in Estonia from 1986 to 1996. Clinical characteristics, incidence, survival 
and prognostic factors. Tartu, 2004. 

94. Andres, Kulla. Molecular characteristics of mesenchymal stroma in 
human astrocytic gliomas. Tartu, 2004. 

95. Mari Järvelaid. Health damaging risk behaviours in adolescence. Tartu, 
2004. 

96. Ülle Pechter. Progression prevention strategies in chronic renal failure 
and hypertension. An experimental and clinical study. Tartu, 2004. 

97. Gunnar Tasa. Polymorphic glutathione S-transferases – biology and role 
in modifying genetic susceptibility to senile cataract and primary open 
angle glaucoma. Tartu, 2004. 

98. Tuuli Käämbre. Intracellular energetic unit: structural and functional 
aspects. Tartu, 2004. 

99.  Vitali Vassiljev. Influence of nitric oxide syntase inhibitors on the effects  
of ethanol after acute and chronic ethanol administration and withdrawal. 
Tartu, 2004. 

100. Aune Rehema. Assessment of nonhaem ferrous iron and glutathione 
redox ratio as markers of pathogeneticity of oxidative stress in different 
clinical groups. Tartu, 2004. 

101.   Evelin Seppet. Interaction of mitochondria and ATPases in oxidative 
muscle cells in normal and pathological conditions. Tartu, 2004. 

115 



 

102. Eduard Maron. Serotonin function in panic disorder: from clinical expe-
riments to brain imaging and genetics. Tartu, 2004.  

103. Marje Oona. Helicobacter pylori infection in children: epidemiological 
and therapeutic aspects. Tartu, 2004. 

104. Kersti Kokk. Regulation of active and passive molecular transport in the 
testis. Tartu, 2005.  

105. Vladimir Järv. Cross-sectional imaging for pretreatment evaluation and 
follow-up of pelvic malignant tumours. Tartu, 2005. 

106. Andre Õun. Epidemiology of adult epilepsy in Tartu, Estonia. Incidence, 
prevalence and medical treatment. Tartu, 2005. 

107. Piibe Muda. Homocysteine and hypertension: associations between 
homocysteine and essential hypertension in treated and untreated hyper-
tensive patients with and without coronary artery disease. Tartu, 2005. 

108. Külli Kingo. The interleukin-10 family cytokines gene polymorphisms in 
plaque psoriasis. Tartu, 2005.  

109. Mati Merila. Anatomy and clinical relevance of the glenohumeral joint  
capsule and ligaments. Tartu, 2005. 

110. Epp Songisepp. Evaluation of technological and functional properties of 
the new probiotic Lactobacillus fermentum ME-3. Tartu, 2005. 

111. Tiia Ainla. Acute myocardial infarction in Estonia: clinical characte-
ristics, management and outcome. Tartu, 2005. 

112. Andres Sell. Determining the minimum local anaesthetic requirements for 
hip replacement surgery under spinal anaesthesia – a study employing a 
spinal catheter. Tartu, 2005. 

113. Tiia Tamme. Epidemiology of odontogenic tumours in Estonia. Patho-
genesis and clinical behaviour of ameloblastoma. Tartu, 2005. 

114. Triine Annus. Allergy in Estonian schoolchildren: time trends and 
characteristics. Tartu, 2005. 

115. Tiia Voor. Microorganisms in infancy and development of allergy: com-
parison  of  Estonian  and Swedish  children. Tartu, 2005. 

116. Priit Kasenõmm. Indicators for tonsillectomy in adults with recurrent 
tonsillitis – clinical, microbiological and pathomorphological investi-
gations. Tartu, 2005. 

117. Eva Zusinaite. Hepatitis C virus: genotype identification and interactions 
between viral proteases. Tartu, 2005. 

118. Piret Kõll. Oral lactoflora in chronic periodontitis and periodontal health. 
Tartu, 2006. 

119. Tiina Stelmach. Epidemiology of cerebral palsy and unfavourable neuro-
developmental outcome in child population of Tartu city and county, 
Estonia Prevalence, clinical features and risk factors. Tartu, 2006. 

120. Katrin Pudersell. Tropane alkaloid production and riboflavine excretion 
in the field and tissue cultures of henbane (Hyoscyamus niger L.). Tartu, 
2006.  

121. Külli Jaako. Studies on the role of neurogenesis in brain plasticity. Tartu, 
2006.  

116



122. Aare Märtson. Lower limb lengthening: experimental studies of bone 
regeneration and long-term clinical results. Tartu, 2006. 

123.  Heli Tähepõld. Patient consultation in family medicine. Tartu, 2006. 
124. Stanislav Liskmann. Peri-implant disease: pathogenesis, diagnosis and 

treatment in view of both inflammation and oxidative stress profiling. 
Tartu, 2006. 

125. Ruth Rudissaar. Neuropharmacology of atypical antipsychotics and an 
animal model of psychosis. Tartu, 2006. 

126. Helena Andreson. Diversity of Helicobacter pylori genotypes in 
Estonian patients with chronic inflammatory gastric diseases. Tartu, 2006. 

127. Katrin Pruus. Mechanism of action of antidepressants: aspects of sero-
toninergic system and its interaction with glutamate. Tartu, 2006. 

128. Priit Põder. Clinical and experimental investigation: relationship of 
ischaemia/reperfusion injury with oxidative stress in abdominal aortic 
aneurysm repair and in extracranial brain artery endarterectomy and possi-
bilities of protection against ischaemia using a glutathione analogue in a 
rat model of global brain ischaemia. Tartu, 2006.   

129. Marika Tammaru. Patient-reported outcome measurement in rheumatoid 
arthritis. Tartu, 2006. 

130.   Tiia Reimand. Down syndrome in Estonia. Tartu, 2006. 
131. Diva Eensoo. Risk-taking in traffic and Markers of Risk-Taking Beha-

viour in Schoolchildren and Car Drivers. Tartu, 2007. 
132. Riina Vibo. The third stroke registry in Tartu, Estonia from 2001 to 2003: 

incidence, case-fatality, risk factors and long-term outcome. Tartu, 2007.  
133. Chris Pruunsild. Juvenile idiopathic arthritis in children in Estonia. 

Tartu, 2007. 
134. Eve Õiglane-Šlik. Angelman and Prader-Willi syndromes in Estonia. 

Tartu, 2007. 
135. Kadri Haller. Antibodies to follicle stimulating hormone. Significance in 

female infertility. Tartu, 2007. 
136.  Pille Ööpik. Management of depression in family medicine. Tartu, 2007. 
137. Jaak Kals. Endothelial function and arterial stiffness in patients with 

atherosclerosis and in healthy subjects. Tartu, 2007. 
138.  Priit Kampus. Impact of inflammation, oxidative stress and age on 

arterial stiffness and carotid artery intima-media thickness. Tartu, 2007. 
139.  Margus Punab. Male fertility and its risk factors in Estonia. Tartu, 2007. 
140. Alar Toom. Heterotopic ossification after total hip arthroplasty: clinical 

and pathogenetic investigation. Tartu, 2007. 
141. Lea Pehme. Epidemiology of tuberculosis in Estonia 1991–2003 with 

special regard to extrapulmonary tuberculosis and delay in diagnosis of 
pulmonary tuberculosis. Tartu, 2007. 

142.  Juri Karjagin. The pharmacokinetics of metronidazole and meropenem 
in septic shock. Tartu, 2007. 

143. Inga Talvik. Inflicted traumatic brain injury shaken baby syndrome in 
Estonia – epidemiology and outcome. Tartu, 2007. 

117 



118 

144.  Tarvo Rajasalu. Autoimmune diabetes: an immunological study of type 
1 diabetes in humans and in a model of experimental diabetes (in RIP-
B7.1 mice). Tartu, 2007. 

145. Inga Karu. Ischaemia-reperfusion injury of the heart during coronary 
surgery: a clinical study investigating the effect of hyperoxia. Tartu, 2007. 

146. Peeter Padrik. Renal cell carcinoma: Changes in natural history and 
treatment of metastatic disease. Tartu, 2007.  

147.  Neve Vendt. Iron deficiency and iron deficiency anaemia in infants aged 
9 to 12 months in Estonia. Tartu, 2008.  

148. Lenne-Triin Heidmets. The effects of neurotoxins on brain plasticity: 
focus on neural Cell Adhesion Molecule. Tartu, 2008. 

149.  Paul Korrovits. Asymptomatic inflammatory prostatitis: prevalence, etio-
logical factors, diagnostic tools. Tartu, 2008. 

150.   Annika Reintam. Gastrointestinal failure in intensive care patients. Tartu, 
2008. 

151.   Kristiina Roots. Cationic regulation of Na-pump in the normal, Alzhei-
mer’s and CCK2 receptor-deficient brain. Tartu, 2008. 

152. Helen Puusepp. The genetic causes of mental retardation in Estonia: 
fragile X syndrome and creatine transporter defect. Tartu, 2009. 

153. Kristiina Rull. Human chorionic gonadotropin beta genes and recurrent 
miscarriage: expression and variation study. Tartu, 2009. 

154.  Margus Eimre. Organization of energy transfer and feedback regulation 
in oxidative muscle cells. Tartu, 2009. 

155. Maire Link. Transcription factors FoxP3 and AIRE: autoantibody 
associations. Tartu, 2009. 

156.  Kai Haldre. Sexual health and behaviour of young women in Estonia. 
Tartu, 2009. 

157. Kaur Liivak. Classical form of congenital adrenal hyperplasia due to  
21-hydroxylase deficiency in Estonia: incidence, genotype and phenotype 
with special attention to short-term growth and 24-hour blood pressure. 
Tartu, 2009. 

158. Kersti Ehrlich. Antioxidative glutathione analogues (UPF peptides) – 
molecular design, structure-activity relationships and testing the protec-
tive properties. Tartu, 2009. 

159. Anneli Rätsep. Type 2 diabetes care in family medicine. Tartu, 2009. 
160. Silver Türk. Etiopathogenetic aspects of chronic prostatitis: role of 

mycoplasmas, coryneform bacteria and oxidative stress. Tartu, 2009. 
161. Kaire Heilman. Risk markers for cardiovascular disease and low bone 

mineral density in children with type 1 diabetes. Tartu, 2009. 
162.  Kristi Rüütel. HIV-epidemic in Estonia: injecting drug use and quality of 

life of people living with HIV. Tartu, 2009. 
163. Triin Eller. Immune markers in major depression and in antidepressive 

treatment. Tartu, 2009. 



11  

164.  Siim Suutre. The role of TGF-β isoforms and osteoprogenitor cells in the 
pathogenesis of heterotopic ossification. An experimental and clinical 
study of hip arthroplasty. Tartu, 2010. 

165.  Kai Kliiman. Highly drug-resistant tuberculosis in Estonia: Risk factors 
and predictors of poor treatment outcome. Tartu, 2010.  

166.  Inga Villa. Cardiovascular health-related nutrition, physical activity and 
fitness in Estonia. Tartu, 2010. 

167. Tõnis Org. Molecular function of the first PHD finger domain of Auto-
immune Regulator protein. Tartu, 2010.  

168. Tuuli Metsvaht. Optimal antibacterial therapy of neonates at risk of early 
onset sepsis. Tartu, 2010. 

169.  Jaanus Kahu. Kidney transplantation: Studies on donor risk factors and 
mycophenolate mofetil. Tartu, 2010.  

170.  Koit Reimand. Autoimmunity in reproductive failure: A study on as-
sociated autoantibodies and autoantigens. Tartu, 2010. 

171. Mart Kull. Impact of vitamin D and hypolactasia on bone mineral 
density: a population based study in Estonia. Tartu, 2010. 

172. Rael Laugesaar. Stroke in children – epidemiology and risk factors. 
Tartu, 2010.  

173.  Mark Braschinsky. Epidemiology and quality of life issues of hereditary 
spastic paraplegia in Estonia and implemention of genetic analysis in 
everyday neurologic practice. Tartu, 2010. 

174. Kadri Suija. Major depression in family medicine: associated factors, 
recurrence and possible intervention. Tartu, 2010. 

175. Jarno Habicht. Health care utilisation in Estonia: socioeconomic determi-
nants and financial burden of out-of-pocket payments. Tartu, 2010. 

176. Kristi Abram. The prevalence and risk factors of rosacea. Subjective 
disease perception of rosacea patients. Tartu, 2010. 

177. Malle Kuum. Mitochondrial and endoplasmic reticulum cation fluxes: 
Novel roles in cellular physiology. Tartu, 2010. 

178. Rita Teek. The genetic causes of early onset hearing loss in Estonian 
children. Tartu, 2010. 

179. Daisy Volmer. The development of community pharmacy services in 
Estonia – public and professional perceptions 1993–2006. Tartu, 2010. 

180. Jelena Lissitsina. Cytogenetic causes in male infertility. Tartu, 2011. 
181.  Delia Lepik. Comparison of gunshot injuries caused from Tokarev, 

Makarov and Glock 19 pistols at different firing distances. Tartu, 2011. 
182.  Ene-Renate Pähkla. Factors related to the efficiency of treatment of 

advanced periodontitis. Tartu, 2011.  
183. Maarja Krass. L-Arginine pathways and antidepressant action. Tartu, 

2011.  
184.  Taavi Lai. Population health measures to support evidence-based  

health policy in Estonia. Tartu, 2011.  

9



120 

185. Tiit Salum. Similarity and difference of temperature-dependence of the 
brain sodium pump in normal, different neuropathological, and aberrant 
conditions and its possible reasons. Tartu, 2011.  

186.  Tõnu Vooder. Molecular differences and similarities between histo-
logical subtypes of non-small cell lung cancer. Tartu, 2011.  

187.  Jelena Štšepetova. The characterisation of intestinal lactic acid bacteria 
using bacteriological, biochemical and molecular approaches. Tartu, 2011.  

188. Radko Avi. Natural polymorphisms and transmitted drug resistance in 
Estonian HIV-1 CRF06_cpx and its recombinant viruses. Tartu, 2011, 116 p. 

189.  Edward Laane. Multiparameter flow cytometry in haematological malig-
nancies. Tartu, 2011, 152 p. 

190.  Triin Jagomägi. A study of the genetic etiology of nonsyndromic cleft lip 
and palate. Tartu, 2011, 158 p. 

191.  Ivo Laidmäe. Fibrin glue of fish (Salmo salar) origin: immunological 
study and development of new pharmaceutical preparation. Tartu, 2012, 
150 p. 

192.  Ülle Parm. Early mucosal colonisation and its role in prediction of inva-
sive infection in neonates at risk of early onset sepsis. Tartu, 2012, 168 p. 

193.  Kaupo Teesalu. Autoantibodies against desmin and transglutaminase 2 in 
celiac disease: diagnostic and functional significance. Tartu, 2012, 142 p. 

194. Maksim Zagura. Biochemical, functional and structural profiling of 
arterial damage in atherosclerosis. Tartu, 2012, 162 p. 

195. Vivian Kont. Autoimmune regulator: characterization of thymic gene 
regulation and promoter methylation. Tartu, 2012, 134 p. 

196. Pirje Hütt. Functional properties, persistence, safety and efficacy of 
potential probiotic lactobacilli. Tartu, 2012, 246 p. 

197.  Innar Tõru. Serotonergic modulation of CCK-4- induced panic. Tartu, 
2012, 132 p. 

198.  Sigrid Vorobjov. Drug use, related risk behaviour and harm reduction 
interventions utilization among injecting drug users in Estonia: impli-
cations for drug policy. Tartu, 2012, 120 p. 

199.  Martin Serg. Therapeutic aspects of central haemodynamics, arterial 
stiffness and oxidative stress in hypertension. Tartu, 2012, 156 p.  

200. Jaanika Kumm. Molecular markers of articular tissues in early knee 
osteoarthritis: a population-based longitudinal study in middle-aged sub-
jects. Tartu, 2012, 159 p. 

201. Kertu Rünkorg. Functional changes of dopamine, endopioid and endo-
cannabinoid systems in CCK2 receptor deficient mice. Tartu, 2012, 125 p. 

202. Mai Blöndal. Changes in the baseline characteristics, management and 
outcomes of acute myocardial infarction in Estonia. Tartu, 2012, 127 p.        

203. Jana Lass. Epidemiological and clinical aspects of medicines use in 
children in Estonia. Tartu, 2012, 170 p. 

204. Kai Truusalu. Probiotic lactobacilli in experimental persistent Salmo-
nella infection. Tartu, 2013, 139 p.  



121 

205. Oksana Jagur.  Temporomandibular joint diagnostic imaging in relation 
to pain and bone characteristics. Long-term results of arthroscopic treat-
ment. Tartu, 2013, 126 p. 

206. Katrin Sikk. Manganese-ephedrone intoxication – pathogenesis of neuro-
logical damage and clinical symptomatology. Tartu, 2013, 125 p. 

207. Kai Blöndal. Tuberculosis in Estonia with special emphasis on drug-
resistant tuberculosis: Notification rate, disease recurrence and mortality. 
Tartu, 2013, 151 p. 

208. Marju Puurand. Oxidative phosphorylation in different diseases of 
gastric mucosa. Tartu, 2013, 123 p.  

209. Aili Tagoma. Immune activation in female infertility: Significance of 
autoantibodies and inflammatory mediators. Tartu, 2013, 135 p. 

210.  Liis Sabre. Epidemiology of traumatic spinal cord injury in Estonia. 
Brain activation in the acute phase of traumatic spinal cord injury. Tartu, 
2013, 135 p. 

211. Merit Lamp. Genetic susceptibility factors in endometriosis. Tartu, 2013, 
125 p. 

212.  Erik Salum. Beneficial effects of vitamin D and angiotensin II receptor 
blocker on arterial damage. Tartu, 2013, 167 p.   

213.  Maire Karelson. Vitiligo: clinical aspects, quality of life and the role of 
melanocortin system in pathogenesis. Tartu, 2013, 153 p.  

214. Kuldar Kaljurand. Prevalence of exfoliation syndrome in Estonia and its 
clinical significance. Tartu, 2013, 113 p.  

215.  Raido Paasma. Clinical study of methanol poisoning: handling large out-
breaks, treatment with antidotes, and long-term outcomes. Tartu, 2013,  
96 p. 

216.  Anne Kleinberg. Major depression in Estonia: prevalence, associated 
factors, and use of health services. Tartu, 2013, 129 p. 

217.  Triin Eglit. Obesity, impaired glucose regulation, metabolic syndrome 
and their associations with high-molecular-weight adiponectin levels. 
Tartu, 2014, 115 p. 

218.  Kristo Ausmees. Reproductive function in middle-aged males: Asso-
ciations with prostate, lifestyle and couple infertility status. Tartu, 2014, 
125 p.  

219.  Kristi Huik. The influence of host genetic factors on the susceptibility to 
HIV and HCV infections among intravenous drug users. Tartu, 2014, 
144 p.  

220. Liina Tserel. Epigenetic profiles of monocytes, monocyte-derived macro-
phages and dendritic cells. Tartu, 2014, 143 p. 

221. Irina Kerna. The contribution of ADAM12 and CILP genes to the 
development of knee osteoarthritis. Tartu, 2014, 152 p. 

222. Ingrit Liiv. Autoimmune regulator protein interaction with DNA-depen-
dent protein kinase and its role in apoptosis. Tartu, 2014, 143 p. 

223.  Liivi Maddison. Tissue perfusion and metabolism during intra-abdominal 
hypertension. Tartu, 2014, 103 p. 



122 

224.  Krista Ress. Childhood coeliac disease in Estonia, prevalence in atopic 
dermatitis and immunological characterisation of coexistence. Tartu, 
2014, 124 p. 

225.  Kai Muru. Prenatal screening strategies, long-term outcome of children 
with marked changes in maternal screening tests and the most common 
syndromic heart anomalies in Estonia. Tartu, 2014, 189 p. 

226. Kaja Rahu. Morbidity and mortality among Baltic Chernobyl cleanup 
workers: a register-based cohort study. Tartu, 2014, 155 p.  

227. Klari Noormets. The development of diabetes mellitus, fertility and ener-
gy metabolism disturbances in a Wfs1-deficient mouse model of Wolfram 
syndrome. Tartu, 2014, 132 p. 

228. Liis Toome. Very low gestational age infants in Estonia. Tartu, 2014,  
183 p. 

229.  Ceith Nikkolo. Impact of different mesh parameters on chronic pain and 
foreign body feeling after open inguinal hernia repair. Tartu, 2014, 132 p. 

 
 
 




