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NNSD: standard deviation of R-R intervals 

NTR: nontranslated region  
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pNN50: percentage of RR intervals that differ >50 ms 

RIBA: recombinant immunoblot assay  

RMSSD: root mean square of successive R-R interval differences 

RNA: ribonucleic acid 

RRI: R-R intervals  

SBP: systolic blood pressure 
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Summary 

 

Chronic hepatitis C virus (HCV) infection can be associated with various extrahepatic 

manifestations, including peripheral and central nervous system complications. 

Autonomic function has not been investigated in patients with chronic HCV infection 

before, although impaired autonomic function has already been described in patients 

with chronic liver diseases from different etiologies, and has proven to be a poor 

prognostic indicator. In addition, the current treatment of interferon-alpha plus ribavirin 

is known to affect neurological manifestations in patients with chronic HCV infection. 

 In our first, cross-sectional study we aimed to determine cardiovagal autonomic 

function in patients with chronic HCV infection, comparing to healthy controls. In our 

second study we followed-up the patients during the course of antiviral therapy and 

aimed to examine the possible changes of cardiovagal autonomic function. 

 Autonomic function was assessed in 45 treatment-naive patients with chronic 

HCV infection and in 40 healthy controls by determining spontaneous baroreflex 

sensitivity (BRS) and heart rate variability (HRV) indices with non-invasive methods. 

Then, we followed up 22 patients and assessed BRS and HRV indices at the beginning 

of treatment and at week 12, 24 and 48 of antiviral therapy. Besides, laboratory analyses 

and quantitative polymerase chain reaction for serum HCV RNA level were performed. 

 BRS and HRV indices were lower in patients with HCV infection compared to 

healthy controls, and independently correlated with serum ALT levels. Further, both 

HRV and BRS indices decreased after 12 weeks of therapy compared to pretreatment 

values; then they increased significantly by week 24 and continued to improve by week 

48 of therapy. These changes were independent from the presence of cryoglobulins and 

from the virological response. 

Our results suggest that impaired autonomic function is caused by chronic HCV 

infection. The increase of autonomic dysfunction at the beginning of the antiviral 

therapy may be caused by the immunomodulatory actions of interferon alfa-2. Further 

studies are needed, however, to understand the exact mechanisms.  
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Összefoglalás 

 

A krónikus hepatitis C vírus (HCV) fertőzés a betegek egy részében extrahepatikus 

eltéréseket okozhat, ezen belül ismertek a perifériás és a központi idegrendszert érintő 

szövődmények is. Az autonóm idegrendszer működését hepatitis C vírus fertőzött 

betegekben még nem vizsgálták, habár annak károsodása ismert különböző krónikus 

májbetegségekben, és igazolták azt is, az autonóm károsodás rossz prognosztikai 

tényező. A HCV fertőzés elleni kombinált interferon-alfa és ribavirin kezelés szintén 

hatással van az idegrendszeri szövődményekre. 

 Ezért az első, keresztmetszeti vizsgálatunkban meghatároztuk a kardiovagális 

autonóm idegrendszer működését krónikus HCV fertőzött betegekben, egészséges 

kontroll személyekhez képest. Majd második tanulmányunkban követtük a betegeket az 

antivirális kezelés során, és vizsgáltuk az autonóm idegrendszer működésének 

változásait. 

 A keresztmetszeti vizsgálat során 45 krónikus HCV fertőzött beteg és 40 

egészséges kontroll személy szívfrekvencia variabilitását (HRV) és baroreflex 

érzékenységét (BRS) határoztuk meg, non-invazív módszerekkel. Ezt követően 22 

beteget követtünk az antivirális kezelés során, és meghatároztuk a BRS és HRV 

értékeket a kezelés kezdetekor, valamint a kezelés 12., 24., és 48. hetében. Emellett 

laboratóriumi vizsgálatokat és mennyiségi HCV RNS meghatározást végeztünk. 

  Mind a BRS, mind a HRV értékek alacsonyabbak voltak a HCV fertőzött 

betegekben az egészséges kontrollokhoz képest, és csak a szérum GPT értékkel 

mutattak független összefüggést. A követéses vizsgálatban a kezelés 12. hetében 

csökkent HRV és BRS értékeket mértünk a kiindulási adatokhoz képest, majd 

szignifikáns emelkedést a 24. héten, és további emelkedő tendenciát a 48. héten. A 

változások függetlenek voltak a cryoglobulin jelenlététől és a vírusválasztól. 

 Vizsgálatunk csökkent autonóm idegrendszeri funkciót igazolt krónikus hepatitis 

C vírus fertőzött betegekben. Az antivirális kezelés kezdetén észlelt további autonóm 

funkció csökkenés hátterében az interferon alfa-2 immunmoduláló hatása állhat. 

További vizsgálatok szükségesek annak tisztázására, mi okozhatja az autonóm funkció 

észlelt eltéréseit krónikus HCV fertőzött betegekben. 



 7 

1. Introduction 

 

Hepatitis C virus (HCV) is one of the leading causes of chronic viral infection 

worldwide. According to estimations from the World Health Organization (WHO), 

approximately 3% of the world population has been infected with HCV, amounting to 

170 million people globally (1). About 3 to 4 million people are infected each year and 

it is estimated that between 65% and 80% of people newly infected with HCV progress 

to chronic hepatitis, a leading cause of end-stage liver disease and hepatocellular 

carcinoma (HCC). On the other hand, about 27% of cases of cirrhosis and 25% of 

instances of hepatocellular carcinoma arise in HCV-infected people (2,3). 

Consequently, HCV infection contributes significantly to worldwide morbidity. 

 

1.1. Discovering hepatitis C virus - 20 years of history 

 

In year 1989, researchers (leaded by Michael Houghton) first isolated a single cDNA 

clone that was shown to be derived from a new flavi-like virus, termed the hepatitis C 

virus. The discovery of hepatitis C was the direct result of the landmark discoveries of 

hepatitis B virus (HBV) and hepatitis A virus (HAV) and their serologies. Screening 

tests for HAV and HBV made it possible in the mid-1970s to examine cases of 

transfusion-associated hepatitis and to demonstrate that only approximately 25% 

resulted from HBV and that none were related to HAV. Consequently, approximately 

75% of transfusion-associated hepatitis became classified as non-A, non-B hepatitis 

(NANBH) (4). Subsequently, chimpanzee studies demonstrated that NANBH was a 

result of a transmissible agent. It gradually became apparent that the NANBH agent 

often resulted in chronic hepatitis and sometimes evolved into cirrhosis. 

The NANBH agent remained a virologic enigma for the next decade, until 

researchers leaded by Houghton at the Chiron Corporation (California, USA) used an 

ambitious molecular approach on large volumes of high-titer infectious chimpanzee 

plasma from the Centers for Disease Control and Prevention (USA). They extracted 

RNA, cloned it into an expression vector, and screened the expressed product with 

presumed immune sera (5). A single positive clone was found in the millions screened, 
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and, by year 1990, the entire genome was sequenced and the agent was identified as a 

novel flavivirus - the hepatitis C virus (HCV). 

 Retrospective analysis of pedigreed samples at the National Institute of Health 

(NIH) showed that 70% to 90% of NANBH cases were HCV related. The impact of 

HCV blood donor screening has been enormous. The single-antigen first-generation 

enzyme immunoassay (EIA-1) prevented 40,000 HCV infections within the first year, 

and the second-generation assay (EIA-2) has actually reduced new transfusion-related 

HCV infections to almost zero (6,7,8). 

 

1.2. Transmission and epidemiology 

 

HCV is transmitted most efficiently by percutaneous exposure to blood, such as blood 

transfusion, transplantation of infected organs, and injecting drug use. Transmission is 

much less efficient by mucosal exposure to blood or serum-derived fluids (eg, a child 

born to an infected mother or sex with an infected partner) (9,10). 

Blood transfusion was a major risk factor for HCV transmission before the 

introduction of sensitive and specific anti-HCV testing in June, 1992 (11). This route of 

transmission has been virtually eliminated in countries where screening of blood donors 

is implemented, thus, transfusion-related hepatitis has almost disappeared, leaving 

injection drug use as the most common mode of transmission.  

Injecting drug use is currently the primary risk factor for HCV in the USA and 

Australia and accounts for most new diagnoses of HCV infection in Europe (12). It has 

been reported, that 48% of the patients with acute HCV infection in the USA in 2007 

were users of injected drugs (13). Global rates of infection in injection drug users are 

high, with rates of at least 50% reported in 86% of countries in which prevalence 

studies have been carried out (14). In addition to needle sharing, sharing of other drug 

paraphernalia—such as foil and spoons—has been implicated in HCV transmission 

(15). 

In developing and transitional economy countries, the nosocomial transmission 

of new HCV infections is a major problem because of the re-use of contaminated or 

inadequately sterilized syringes and needles used in medical, paramedical and dental 

procedures, with an estimated 2.3–4.7 million of new infections occurring each year 

(16). The highest reported rates of needle re-use are found in the Middle East, South-
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East Asia and the Western Pacific. In Egypt, the treatment of endemic schistosomiasis 

in mass programs (discontinued in the 1980s) that frequently used unsterilized needles 

and syringes has led to a national HCV prevalence of more than 14%, with rates of 20–

30% in young male adults (17).  

Sexual and perinatal HCV transmission does happen but significantly less extent 

than with hepatitis B. The rate of sexual transmission is controversial, and in stable 

heterosexual relationships it is thought to be low, with 1–3% of partners of HCV-

infected people reported to have the infection in cross-sectional studies. Co-infection 

with HIV, duration of relationship, or chronic liver disease could be independent 

cofactors increasing risk for transmission (18). 

Perinatal transmission takes place at a rate of about 4% and is two to four-folds 

higher in mothers co-infected with HIV (19). Currently, no evidence is available from 

randomized controlled trials to suggest that caesarean section offers an advantage over 

vaginal delivery (20). The risk posed to the infant from breastfeeding is negligible and 

non-sexual intrafamilial transmission is very rare (21). 

HCV and HIV co-infection is an important issue, with about one in ten 

individuals infected with HIV also infected with HCV worldwide, whereas in developed 

countries this figure is one in four and up to 50–95% in certain risk groups (although 

most HCV-infected individuals are not infected with HIV) (22). HIV infection has an 

important effect on HCV viral load
 
and on clinical disease progression (23). 

 Overall, the WHO estimated global prevalence of HCV infection was 3% or 170 

million individuals in 1999. The prevalence was higher in some countries in Africa 

(5.3% or 31.9 million), the eastern Mediterranean (4.6% or 21.3 million), South-East 

Asia (2.15% or 32.3 million) and the Western Pacific (3.9% or 62.2 million), as 

compared with some countries in the Americas (1.7% or 13.1 million) and Europe 

(1.03% or 8.9 million) (Figure 1.) (24). 

In 2004, the Global Burden of Hepatitis C Working Group, serving as a 

consultant to the WHO, estimated the global prevalence to be slightly lower at 2.2% or 

130 million individuals. The lowest HCV prevalence of 0.01% to 0.1% is from 

countries in the United Kingdom and Scandinavia, while the highest prevalence of 15% 

to 20% is from Egypt (25). 



      Figure 1. Worldwide prevalence of Hepatitis C  

 



1.3. Methods for preventing transmission 

 

No vaccine for HCV is currently available, mainly due to the large number of genotypes 

and variants of hepatitis C and the fact that HCV itself appears to be only weakly 

immunogenic. At present, reducing the burden of HCV infection requires the 

implementation of both primary and secondary prevention, where the first 

implementation of prevention reduces or eliminates HCV transmission and the second 

reduces liver and other chronic disease in HCV-infected persons (26).  

 Specific methods of reducing incident cases of hepatitis C include: (i) screening 

donated blood and blood products; (ii) encouraging healthcare professionals to take 

precautions when handling blood and body fluids; (iii) educating people about high-risk 

behaviors; (iv) educating people about safe sex practices; (v) needle exchange programs 

and informing drug users on safer injection techniques. 

 Individuals with HCV infection should take particular caution to help prevent 

further progression of the disease. For example, they should avoid alcohol or taking new 

medications (including herbal treatments) without consulting their doctor. In addition, 

infected patients should be evaluated for the presence or development of chronic liver 

disease. Some assessments include liver function tests, testing the severity of liver 

disease, and determining if hepatitis A and B vaccination is necessary. While patients 

should be aware of their disease progression, they should also be aware of how to 

prevent passing their disease to others. HCV-infected individuals should not donate 

blood, body organs, other tissues, or semen; they should not share any personal items 

that may have their blood on it; and they should cover cuts and sores on their skin. 

  

1.4. Virology of hepatitis C virus 

 

1.4.1. Genetic and molecular structure  

 

HCV is a single stranded RNA virus, approximately 40-60 nm in diameter, consisting of  

three basic components: an envelope protein complex (E1 and E2 [NS1]), a 

nucleocapsid core protein (C), and an RNA genome, approximately 9.6 kb in length 

(Figure 2.) 
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Figure 2. Structure of a hepatitis C virion  

Adapted from the Physicians Research Network Notebook, Vol. 6, No.1. March, 2001. 

 

 

Analysis of the RNA genome revealed that HCV is different form hepatitis A 

and hepatitis B; HCV is now classified as the only member of the Hepacivirus genus, 

and shares genetic organization and amino acid sequence structure similarity with 

pestiviruses and flaviviruses, as well as members of two plant virus supergroups: 

potyviruses and carmoviruses (27). 

 The 9.6 kb long single positive-stranded genome consists of one large open 

reading frame, flanked by nontranslated regions (NTRs) at its 5’ and 3’ ends. The 5’ 

NTR sequence has been shown to be highly-conserved, with an overall nucleotide 

variation of just 2% (28). In addition to containing the internal ribosomy entry site that 

mediates the cap-independent translation of the open reading frame, most of the 5’ 

region sequence appears to be necessary for efficient HCV replication (29). The 3’ NTR 

contains a polypyrimidine tract immediately following the open reading frame stop 

codon, suggesting that conserved RNA elements in the 3’ NTR are also essential for 

HCV replication (30).  
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Figure 3. Organization of the hepatitis C virus genome 

From Fang et al (31). 

 

The open reading frame a single polyprotein of about 3,010 amino acids in 

length, which is processed by both host and viral proteases into structural (at least three) 

and nonstructural (six) proteins. Structural proteins are encoded at the amino (N) 

terminus, beginning with the small, basic nucleocapsid (core) protein and the envelope 

glycoproteins E1 and E2; the remainder of the sequence encodes the nonstructural (NS) 

proteins (Figure 3.). The functions of the proteins are summarized in Table 1.  

 

1.4.2. Genotype 

 

Examination of the phylogenetic tree of the 5’end of NS4 has confirmed the existence 

of a substantial genetic diversity. Six major genotypes of HCV are recognized, differing 

by up to 35% at the primary RNA sequence level. Further, genotypes are branching into 

at least 50 subtypes. As the viral polymerase enzyme does not have proof-reading 

capacity, significant number of further variants, quasispecies exists, that differs slightly 

and emerges under selective pressures of host immunity and drug treatment (32). The 

major genotypes have been designated the numbers 1 to 6, whereas the subtypes are 

denoted by letters (Table 2.). 
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Table 1. Viral proteins and their functions 

Adapted from Dubuisson (33) and Kuiken (34)  

Protein 

Nucleic acid 

absolute 

numbering 

Amino acid 

relative 

numbering 

(lenght) 

Functions of proteins 

(5’ NTR) 1-341 - - 

Core 342–914 191 
RNA binding; nucleocapsid; associates with 

lipid droplets and cellular proteins 

E1 915–1490 192 

Envelope glycoprotein; associates with E2 to 

form heterodimer necessary for attachment 

and cell entry 

E2 1491–2579 363 

Envelope glycoprotein; receptor binding; 

associates with E1 to form heterodimer 

necessary for attachment and cell entry 

P7 2580–2768 63 Ion channel; putative viroporin 

NS2 2769–3419 217 
Component of NS2-3 protease; other 

functions not determined 

NS3 3420–5312 631 

N-terminal proteinase domain; C-terminal 

NTPase/helicase domain; antagonizes host 

innate antiviral immune response 

NS4A 5313–5474 54 NS3-4A proteinase cofactor 

NS4B 5475–6257 261 Induces endoplasmic reticulum alterations 

NS5A 6258–7601 448 

Phosphoprotein; regulation of viral RNA 

replication; proposed to modulate host cell 

interferon response and cell signaling 

NS5B 7602–9377 591  

(3’ NTR) 9378–9646 - - 
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Terminology Definition Nucleotide similarity (%) 

Genotype (1-6) 

Major genetic group based 

on similarity of nucleotide 

sequence 

65.7 – 68.9 

Subtype (a, b, etc.) 

 

Genetically closely related 

viruses within of nucleotide 

sequence 

76.9 – 80.1 

 

Quasispecies 

 

Complex of genetic 

variants within individual 

isolates 

90.8 – 99 

 

  

Table 2. Classification of hepatitis C virus 

From Szabó et al. (2)  

  

 Although all six HCV genotypes can be found worldwide, the different 

genotypes have widely different geographical distributions (Figure 4.). Molecular 

epidemiology studies have proven great HCV diversity in certain regions of sub-

Saharan Africa and in Southeast Asia. Most newly described variants originate from 

specific geographical regions. For example, infections in western Africa are 

predominantly genotype 2, whereas those in central Africa, such as the Democratic 

Republic of Congo and Gabon, are genotypes 1 and 4. Genotypes 3 and 6 show similar 

genetic diversity in south and eastern Asia. This ―endemic‖ pattern of sequence 

variability suggests that HCV has probably circulated in human populations in these 

parts of Africa and Asia for centuries, millennia, or longer (35,36,37). 

In contrast, the most common variants found in Western countries (1a and 1b in 

genotype 1; 2a, 2b, and 2c in genotype 2) have become widely distributed over the past 

50–70 years as a result of transmission through blood transfusion and other invasive 

medical procedures and of needle sharing by injection drug users. They now represent 

the vast majority of infections encountered clinically in Western countries. Subtypes 1a, 

1b, 2a, 2b, 3a, and 4a are likely to be the descendants of HCV variants from endemic 

areas that ―seeded‖ these new, rapidly expanding transmission networks (38,39). In 
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Hungary, Gervain et al. demonstrated that over 90% of the Hungarian patients with 

chronic hepatitis C are infected by HCV 1b subtype (40). 

 

 

 

 

Figure 4. Worldwide distribution of HCV genotypes 

From Fang et al (31). 

 

 

1.5. Natural history 

 

1.5.1. Dynamics of hepatitis C infection 

 

During the first 1-3 weeks following exposure to HCV, some patients can experience 

increases in serum alanine aminotransferase (ALT) activity; ALT levels for infected 

patients are usually elevated compared with the uninfected population. Additionally, 

HCV RNA can be detected in infected patients using reserve transcription-polymerase 
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chain reaction (RT-PCR). Although levels of both ALT and HCV RNA decrease 

steadily during the first year after infection, there is no absolute concordance between 

the two markers: for example, HCV RNA can be detectable in patients with normal 

ALT levels (41). Furthermore, serum ALT levels fluctuate in both resolved and 

unresolved cases up to 12 months from the onset of HCV. 

Antibodies to HCV (seroconversion) appear 8 or 9 weeks after exposure (42). 

The rate of positivity for ant-HCV increases in the weeks following infection, with the 

vast majority of patients showing positivity by week 21 (41). However, rates of 

positivity for anti-HCV can vary widely depending on the patient and the specific 

antibody studied. Studies have shown that during the first year after HCV infection, the 

most commonly detected antibodies are anti-C100 and anticore, originally reported in 

94% of patients. This value has now risen to close to 97% of patients since the 

introduction of second-generation antibody tests. Anti-HCV antibodies may also be 

detected in a significant proportion of patients whose serum ALT levels return to 

normal within 12 months of initial infection, although rates of anti-HCV positivity are 

reportedly higher in patients whose ALT levels remain increased (43).  

 

1.5.2. Acute hepatitis C 

 

Individuals with healthy immune systems who are infected with HCV typically develop 

an acute infection. Acute infection remains asymptomatic in the majority of patients, 

although 25-35% of infected individuals may develop mild symptoms. These mild 

symptoms can include flu-like symptoms, fatigue, nausea, reduced appetite, or 

abdominal pain. Patients may also become jaundiced. 

 

1.5.3. Chronic hepatitis C, and frequency of spontaneous virological resolution 

 

Early studies found that HCV infection persisted in 75–85% of infected persons over 6 

months and became chronic. Conversely,
 
virological resolution occurred in about 15–

25%. Similar results were reported in later studies of diverse populations (HCV-infected 

blood donors, persons with 'community-acquired' infection, IV drug abusers and 

children with leukemia) (44). Later, a far higher rate of spontaneous resolution was 

noted among infected children, young women and even some persons with community-
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acquired hepatitis C, the figures ranging between 42 and 45% (45). These data 

suggested that young age at the time of infection is an important determinant of the 

likelihood of spontaneous recovery. 

 

1.5.4. Fibrosis 

 

Up to 80% of patients with chronic infection go on to develop hepatic fibrosis, ranging 

from portal tract enlargement to cirrhosis. Rates of fibrosis progression are generally 

slow, with studies suggesting an average rate between 0.12 and 0.133 per year (46,47). 

A recent meta-analysis evaluating a total of 111 studies that cumulatively included over 

33,000 patients with HCV (48), estimated the annual probability of progressing from 

each successive fibrosis stage to the next as: Stage F0 (absent) to F1 (mild) fibrosis: 

0.117; stage F1 to F2 (moderate) fibrosis: 0.085; Stage F2 to F3 (advanced) fibrosis: 

0.120; Stage F3 to F4 (severe fibrosis or cirrhosis): 0.116.      

 The median time from initial infection to the development of cirrhosis has been 

estimated as 30 years (47), but is highly variable, depending on the number of risk 

factors that are thought to accelerate disease progression.  

 

1.5.5. Cirrhosis 

 

Early retrospective studies suggested that between 17% and 55% of patients with 

chronic HCV go on to develop cirrhosis. However, prospective studies reported much 

lower progression rates (7-16%), and it is now generally accepted that this value lies 

more around the 20% mark, with cirrhosis usually occurring approximately 30 years 

following the initial infection (44) (Figure 5.). 
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Figure 5. Estimated prevalence of cirrhosis at 20 years after infection according to 

strategy of case identification. Meta-analysis and metaregression based on 111 

reported natural history studies.  

From Seeff (45) and Thein (48)  

 

1.5.6. Hepatocellular carcinoma 

Despite the fact that only a small proportion of HCV-infected patients go on to develop 

HCC (usually after 20-40 years of chronic infection), HCV is responsible for a 

significant proportion of primary liver cancer cases globally and is a leading cause of 

HCC in Western countries. Thus, HCC represents one of the major HCV complications 

associated with mortality. The growing morbidity due to HCV infection may be 

reflected in the rising incidence of HCC and increasing rates of hospitalization for HCC 

(49). In addition, a rise in the number of liver transplantations performed for HCC and 

end-stage liver disease may provide further evidence for the increased morbidity 

associated with HCV infection, as liver failure due to HCV-related cirrhosis is the 

single most common reason for liver transplants. A retrospective study has shown that 

the number of transplant recipients with HCV infection increased fivefold between 1990 

and 2000 in the USA, and the proportion of recipients with HCV infection increased 
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from 12% to 37% (50).        

 The development of HCV-related HCC rarely occurs in the absence of cirrhosis, 

and an increased risk of HCC has been associated with more advanced stages of 

cirrhosis (Figure 6.). Estimated annual incidence rates for HCC range between 1% and 

4% once cirrhosis is established, although higher rates have been reported depending on 

additional co-factors, including heavy alcohol consumption, co-infection of hepatitis B 

virus or HIV, and advanced age (49,51).  

 

 

 

Figure 6. Proportion of an infected population progressing to various 

complications of hepatitis C viral infection.  

From Di Bisceglie (52) 
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1.5.7. Risk factors for disease progression  

Factors that could play a role in progression of chronic hepatitis C include features of 

the virus, the host or items of environmental or extraneous origin. Regarding the virus, 

attention has been focused on viral concentration and viral genotype, but there is little 

definitive evidence that these factors affect liver disease progression.   

 In contrast, there are numerous host factors that appear to influence fibrosis 

progression, including age, gender and race. Infection at a young age is associated with 

a slow rate of progression (47,53). Men with chronic HCV infection are more likely to 

progress to cirrhosis than are women as is evident from the data of the Irish and German 

women infected by the contaminated Rh immunoglobulin (54,55). Paradoxically, given 

their high rate of evolution to HCC and their lower rate of response to treatment, 

African Americans appear to have a slow rate of progression to cirrhosis (56,57). 

Genetic polymorphisms have been evaluated for their influence on disease progression, 

with a focus on major histocompatibilty class I and II alleles (58,59), as well as on 

profibrogenic cytokines (60,61). Metabolic factors with inter-relationships among 

steatosis (62), diabetes (63,64) and obesity (65,66) have all been reported as affecting 

disease progression. Normal values of ALT and its associated lesser degree of 

histological inflammation appear to predict a lower level and rate of fibrosis progression 

(67,68). Finally, the rate of progression is increased in the face of co-infection with HIV 

(69), hepatitis B (70), as well as with the co-morbidity of hemochromatosis (71).  

 Regarding extraneous issues, the most significant impact on disease progression 

is the cofactor of associated alcoholism (72), although the exact extent of alcohol intake 

likely to add to the injury is uncertain (73). Similarly, smoking has been reported to be 

associated with increased fibrosis progression to both cirrhosis and HCC (74). 

 

1.5.8. HCV-associated mortality 

Over an average follow-up of approximately 11 years, a study of 924 blood transfusion 

recipients infected with HCV and 475 uninfected recipients found that HCV infection 

carried only a small increased risk in overall mortality compared with the control 

population (hazard ratio of 1.41) (75). Factors that worsened chances of survival 
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included male gender, advanced age, and excessive alcohol consumption. HCV patients, 

however, did show a markedly increased risk of liver-related death compared with 

controls, at a hazard ratio of 12.84. These findings were supported by a US study of 

transfusion recipients with confirmed HCV infection, who displayed no significant 

difference in all-cause mortality versus uninfected controls but significantly rates of 

liver-related death, 4.1% versus 1.3% (76).  

 

1.6. Immunopathogenesis 

 

1.6.1. HCV cellular entry mechanisms 

 

HCV primarily infects hepatocytes, although viral genomes and antigens are detectable 

in different lymphocyte cells (monocytes, B lymphocytes) as well as in basal ganglion 

cells in the central nervous system. Hungarian study group by Lotz, Szalay et al. proved 

that peripheral red blood cells can also be a reservoir of HCV infection (77).  

The precise mechanism by which the virus enters these cells and evades the 

host’s immune responses is not known, but endocytosis of HCV is believed to be 

dependent on lipoproteins (78). In addition, in the presence of antibodies to LDL 

receptor, viral cell entry is dose-dependently reduced, and endocytosis of HCV is 

competitively inhibited by LDL and very-low-density lipoprotein, but not by high-

density lipoprotein (79). Endocytosis is also mediated by the formation of HCV-

lipoprotein complexes that contain apolipoprotein E (80). It has also been shown that 

HCV infection causes upregulation of many genes that are related to lipid metabolism. 

These genes are involved in membrane glycosphingolipid biosynthesis and the 

induction of lipid metabolism enzymes, lipid transporters, and apolipoproteins (81). 

 Further studies have demonstrated that the HCV envelope glycoprotein 2 (E2) 

binds on the cell surface to the CD81, a putative HCV receptor which belongs to the 

so called tetraspanin family. Additionally, HCV-lipoprotein complexes enable the virus 

to be transferred by CD81 to tight junction proteins, enabling viral cell entry via 

endocytosis mediated by the envelope glycoproteins (78). 
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1.6.2. The HCV life cycle 

 

The HCV life cycle (Figure 7.) begins with entry into the host cell, followed by 

uncoating of the HCV particle's nucleocapsid. It appears likely that the processing of the 

polyprotein, assembly of the replicase and synthesis of the negative-strand RNA 

intermediate all occur in association with the endoplasmic reticulum, outside of the 

nucleus of the host cell (82). The presence of viral, double-stranded RNA in the 

cytoplasm triggers several innate antiviral mechanisms including activation of PKR, 

TLR3 and RIG-I, which eventually leads to the release of IFN- alpha and IFN-beta. 

Translation of the positive-strand viral genome generates nonstructural and structural 

viral proteins, which are critical for viral replication and assembly of new virus 

particles, respectively.  

 

1.6.3. Host immune-responses, and mechanism of immune escape 

 

Host immune responses invoked by HCV are complex, consisting a number of 

components of the innate and adaptive immunity pathways, thus, direct cytopathic 

effect does not play a major role, HCV infection is rather considered as a systemic 

immunological disease. Innate immunity is comprised of single physical barriers (e.g., 

skin and mucus membranes), cellular components (e.g., granulocytes, machrophages 

and natural killer [NK] cells) and soluble components (e.g., complement factors and 

type I interferons [IFN-alpa, IFN-beta]). Adaptive immunity is composed of humoral 

immunity (e.g. antibodies produced by B cells) and, most important in viral infections, 

cellular immunity (e.g., CD4+, CD8+, and regulatory T cells) (83). 
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Figure 7. Viral life cycle and major host cell defense pathways  

Abbreviations: DC, dendritic cell; IFN, interferon; IL-10, interleukin 10; PKR, double 

stranded RNA-activated protein kinase; TREG, regulatory T cells.  

From Sklan et al. (82) 

 

  

HCV can modify immune-response in various ways. Figure 7. illustrates the key 

components of the host's immune response and the cellular impairment that is 
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associated with HCV infection. HCV impairs the function of dendritic cells, and limits 

their ability to stimulate a robust, antigen-specific immune response in CD4
+
 and CD8

+
 

T cells. Upregulation of PD-1 and increased IL-10 production further impair T-cell 

function, which facilitates HCV immune evasion. HCV affects the host immune 

response through the different viral polypeptides. The HCV NS3/4A serine protease, the 

HCV-E2 and the NS5A proteins reduce the interferon (IFN) production, induced by 

viral RNA molecules. The HCV core blocks the signaling way of IFN, moreover, 

reduces the IL-2 and IFN-gamma production of the antigen-specific T-cells and the IL-

12 production of macrophages. The HCV-E2 can reduce the activity, the cytotoxic 

effect, and the IFN-gamma and TNF-alpha production of NK-cells.  

 In addition, HCV changes rapidly the antigenic structure of the envelope 

proteins on the surface of viral particle via hypervariable region in the gene encoding E2 

(84). Besides, due to the extreme fast replication (10
10

-10
12

 virions/day) and the viral 

polymerase enzyme, that does not have proof-reading capacity, significant numbers of 

further variants (quasispecies) are produced, and that helps the virus against the humoral 

and cellular immune-response. This phenomenon is called the hypervariability of HCV. 

Various quasispecies can co-exist simultaneously within the same patient, and immune 

selection of a specific variant may allow the generation of subsequent escape mutants. 

 

 

1.7. Diagnosis of HCV 

 

HCV infection is typically diagnosed when serum ALT levels are persistently increased 

and anti-HCV antibodies are present in the serum. Diagnosis is then confirmed by the 

presence of HCV RNA in the serum. However, diagnosis may be difficult, as anti-HCV 

antibodies are not always present; for example, in some of the patients co-infected with 

HIV or with other advanced immune deficiency states. Further, patients do not have 

always elevated ALT levels. In the absence of specific serologic testing, the nonspecific 

symptoms and ALT elevations associated with HCV infection may be differential 

diagnostic problem with other hepatic disorders, including chronic hepatitis B and D, 

alcoholic or drug-induced hepatitis, non-alcoholic steatohepatitis, autoimmune hepatitis, 

primary biliary cirrhosis, primary sclerosing cholangitis, Wilson’s disease or 

hemochromatosis.  
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1.7.1. Signs and symptoms 

 

1.7.1.1. Clinical manifestations of acute HCV infection  

 

HCV infection has a relatively short incubation period, ranging from 2 to 12 weeks with 

an average of 6-8 weeks. Symptoms are usually mild, non-specific and intermittent, and 

most frequently include fatigue, mild right-upper body discomfort or tenderness, 

nausea, reduced appetite, and muscle and joint pain. Occasionally, nonhepatic 

symptoms, including low-grade fever, rash and arthralgias may occur, which typically 

resolve within the icteric phase following the onset of jaundice. Physical examinations 

are likely to be normal, or may reveal only mild enlargement of the liver or tenderness 

(85). 

 

1.7.1.2. Clinical manifestations of chronic HCV infection  

 

In approximately 60-85% of patients, HCV infection will develop into a chronic 

infection. As with acute infection, chronic infection may remain asymptomatic for many 

years. Non-specific symptoms again include fatigue, poor appetite, and mild right-upper 

body discomfort. Some patients, however, may present with the complications of 

decompensated cirrhosis or HCC, presumably after prolonged infection lasting for 20-

30 years. Physical signs are associated with either decompensated cirrhosis, or HCC, or 

the extrahepatic manifestations of chronic HCV infection, which are discussed later on. 

 

1.7.2. Diagnostic tests 

 

1.7.2.1. Virologic testing in hepatitis C 

 

The United States Centers for Disease Control and Prevention (CDC) recommends, that 

the following patients should be tested for HCV infection (26): 

 Persons who have injected illicit drugs in the recent and remote past, including 

those who injected only once and do not consider themselves to be drug users. 
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 Persons with conditions associated with a high prevalence of HCV infection 

including: 

o Persons with HIV infection 

o Persons with hemophilia who received clotting factor concentrates prior 

to 1987 

o Persons who have ever been on hemodialysis 

o Persons with unexplained abnormal aminotransferase levels 

 Prior recipients of transfusions or organ transplants prior to July 1992 including:  

o persons who were notified that they received blood from a donor who 

later tested positive for HCV infection;  

o persons who received a transfusion of blood or blood products; 

o persons who received an organ transplant  

 Healthcare, emergency medical, and public safety workers after needle sticks 

injury or mucosal exposure to HCV-positive blood 

 Children born to HCV-infected mothers 

 Current sexual partners of HCV-infected persons (Although the prevalence of 

infection is low, a negative test in the partner provides reassurance, making 

testing of sexual partners of benefit in clinical practice.) 

Test to confirm HCV infection includes serologic anti-HCV testing, HCV RNA nucleic 

acid testing, and laboratory evaluations of ALT levels. After acute exposure, HCV RNA 

is usually detected in serum before antibody; HCV RNA can be identified as early as 2 

weeks following exposure whereas anti-HCV is generally not detectable before 8-12 

weeks. These two markers of HCV infection may be present in varying permutations, 

requiring careful analysis for interpretation (Table 3). 
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Anti-HCV HCV RNA Interpretation 

Positive Positive Acute or chronic HCV depending on the clinical context 

Positive Negative 
Resolution of HCV; Acute HCV during period of 

low-level viraemia 

Negative Positive 
Early acute HCV infection; chronic HCV in setting of 

immunosuppressed state; false positive HCV RNA test 

Negative Negative Absence of HCV infection 

 

Table 3. Interpretation of HCV Assays 

From Ghany et al. (88) 

 

 

1.7.2.2. Serologic tests 

 

Patients with chronic hepatitis C are initially identified by positive antibody testing. The 

screening tests are enzyme-linked immunosorbent assays (ELISAs), now in the third 

generation, with a specificity of over 99%. These assays detect a mixture of antibodies 

directed against various epitopes on the HCV core or nonstructural proteins. The 

recombinant immunoblot assay (RIBA), was also developed as a supplemental assay to 

confirm the results of ELISA. However, with the advent of nucleic acid testing and the 

improved specificity of ELISA, use of RIBA in HCV diagnosis and management has 

largely become redundant, although it may still be useful to differentiate between false-

positive anti-HCV reactivity and HCV clearance (86). 

 A difficulty with using anti-HCV assays is that false-positives may occur when 

testing is performed in populations where the prevalence of HCV is low. Conversely, 

false-negatives may occur in patients with severe immunosuppression, such those 

infected with HIV, solid organ transplant recipients, patients with hypo- or 

agammaglobulinemia, or patients on hemodialysis (86). Consequently, RT-PCR has 

become a standard for the identification of active HCV infection. 
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1.7.2.3. Nucleic acid tests 

 

There are two categories of nucleic acid tests: qualitative (qualitative PCR and 

transcription-mediated amplification) and quantitative (branched-chain DNA 

amplification, quantitative PCR and real-time PCR). The quantification of HCV RNA 

using RT-PCR confirms the presence of viraemia and establishes the precise viral load. 

Although there is no correlation between disease severity and viral load, the levels of 

viraemia are important in predicting response to therapy. For example, patients with 

high viral load are more resistant to complete viral clearance with current treatment (87). 

 Qualitative testing for the presence of HCV RNA is no longer recommended 

(88). However, genotyping of the virus may be useful, as it has management 

implications, thus, genotyping is recommended to be performed, prior to INF-based 

treatment (88). 

 

1.7.2.4. Liver biopsy  

 

Liver biopsy has been widely regarded as the gold standard for determining the severity 

of liver damage caused by HCV infection (88). Liver biopsies can provide helpful 

information on the current status of the liver, identify features useful in the treatment 

decision-making process, and may reveal advanced fibrosis or cirrhosis that warrants 

screening for HCC and/or varices. In most patients, a biopsy can be safely done via 

percutaneous route. 

 However, biopsy is associated with some drawbacks, as it carries a risk of 

causing pain, bleeding or perforation of other organs. It is also subject to sampling error, 

requires expertise for interpreting the histopathology, it is costly, and causes anxiety in 

patients. Prior to the procedure, the patient should be assessed for blood hemoglobin 

and platelet levels, and prothrombin time. 

 A liver biopsy may not be necessary in patients infected with HCV genotypes 2 

and 3, as over 80% of these patients achieve a sustained virological response to standard 

treatment. It is unclear, whether a biopsy is required in patients infected with HCV 

genotype 1 (88). Consequently, the decision as to whether a liver biopsy is needed 

should be based on whether treatment is being considered. Also, physicians should take 
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into account the estimated duration of infection, indices of advancing liver disease, the 

viral genotype, and the patient’s willingness to be biopsied and receive treatment. 

 

1.8. Treatment 

 

1.8.1. Objectives and outcomes 

 

The goal of therapy is to prevent complications and death from HCV infection. Because 

of the slow evolution of chronic HCV infection over several decades, it has been 

difficult to demonstrate that therapy prevents complications of liver disease. 

Accordingly, treatment responses are defined by a surrogate virological parameter 

rather than a clinical endpoint. Short-term outcomes can be measured biochemically 

(normalization of serum ALT levels), virologically (absence of HCV RNA from serum 

by a sensitive PCR-based assay), and histologically (<2 point improvement in 

necroinflammatory score with no worsening in fibrosis score). Several types of 

virological responses may occur, labeled according to their timing relative to treatment 

(Table 4.). The most important is the sustained virological response (SVR), defined as 

the absence of HCV RNA from serum by a sensitive PCR assay 24 weeks following 

discontinuation of therapy. This is generally regarded as a virological cure,  although 

liver cancer has been identified years later, especially if cirrhosis existed at the time of 

achieving an SVR (89).  

1.8.2. Current standard of therapy 

 

The currently recommended therapy of chronic HCV infection is the combination of a 

pegylated interferon alfa and ribavirin. There are two licensed pegylated interferons: 

peginterferon alfa-2b (Peg-Intron, Schering Plough Corp., Kenilworth, NJ), with a 12-

kd linear polyethylene glycol (PEG) covalently linked to the standard interferon alfa-2b 

molecule, and peginterferon alfa-2a (Pegasys, Hoffmann-La Roche, Nutley, NJ) with a 

40-kd branched PEG covalently linked to the standard interferon alfa-2a molecule.  

The doses of these two forms of pegylated interferons differ. The optimal dose of 

peginterferon alfa-2b is 1.5 g/kg/week dosed according to body weight. Although the 

dose of ribavirin used in the original registration trial was fixed at 800 mg daily, a 

subsequent community-based study of patients with genotype 1 infection demonstrated  
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Virological 

Response 
Definition Clinical Utility 

Rapid virological 

response (RVR) 

HCV RNA negative at treatment week 4 

by a sensitive PCR-based quantitative 

assay 

May allow shortening of 

course for genotypes 2&3 

and possibly genotype 1 with 

low viral load 

Early virological 

response (EVR) 

2 log reduction in HCV RNA level 

compared to baseline HCV RNA level 

(partial EVR) or HCV RNA negative at 

treatment week 12 (complete EVR) 

Predicts lack of SVR 

End-of-treatment 

response (ETR) 

HCV RNA negative by a sensitive test at 

the end of 24 or 48 weeks of treatment 
 

Sustained 

virological 

response (SVR) 

HCV RNA negative 24 weeks after 

cessation of treatment 

Best predictor of a long-term 

response to treatment 

Breakthrough 
Reappearance of HCV RNA in serum 

while still on therapy 
 

Relapse 
Reappearance of HCV RNA in serum 

after therapy is discontinued 
 

Nonresponder 
Failure to clear HCV RNA from serum 

after 24 weeks of therapy 
 

Null responder 
Failure to decrease HCV RNA by < 2 logs 

after 24 week of therapy 
 

Partial responder 
Two log decrease in HCV RNA but still 

HCV RNA positive at week 24 
 

 

Table 4. Virological Responses During Therapy and Definitions       

From Ghany et al. (88) 
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that weight-based ribavirin (800 mg for patients <65 kg; 1,000 mg for patients weighing 

65 to 85 kg; 1,200 mg for patients weighing 85 to 105 kg; and 1,400 mg for patients 

weighing >105 kg but <125 kg) was more effective (90). 

Peginterferon alfa-2a is administered at a fixed dose of 180 g/week given 

subcutaneously together with ribavirin 1,000 to 1,200 mg daily, 1,000 mg for those who 

weigh 75 kg and 1,200 mg for those who weigh >75 kg (91). The optimal duration of 

treatment should be based on the viral genotype. Randomized trials established that 

patients with genotype 1 should be treated for 48 weeks with peginterferon alfa-2a plus 

standard weight-based ribavirin, whereas patients with genotypes 2 and 3 could be 

treated with peginterferon alfa-2a plus low dose ribavirin (800 mg) for 24 weeks. For 

patients with HCV genotype 4 infection, combination treatment with pegylated 

interferon plus weight-based ribavirin administered for 48 weeks appears to be the 

optimal regimen, as concluded in a meta-analysis of six randomized trials (92). 

 

1.8.3. Pretreatment predictors of response 

 

Multivariate analyses have identified two major predictors of an SVR among all 

populations studied: the viral genotype and pretreatment viral load (91, 93). Sustained 

virological response rates were higher in patients infected with genotype non-1 infection 

(mostly genotype 2 and 3) and in those with a viral load of less than 600,000 IU/mL 

(94). Other less consistently reported baseline characteristics associated with a favorable 

response include the doses of peginterferon (1.5 g/kg/week versus 0.5 g/kg/week) 

and ribavirin (>10.6 mg/kg), female gender, age less than 40 years, non-African-

American race, lower body weight ( 75 kg), the absence of insulin resistance, elevated 

ALT levels (three-fold higher than the upper limit of normal), and the absence of 

bridging fibrosis or cirrhosis on liver biopsy (88). 
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Figure 8. Treatment algorithm for managing and treating patients with chronic 

HCV infection, genotype 1  

SVR, sustained virologic response; EVR, early virologic response.  

From Ghany et al. (88) 
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Figure 9. Treatment algorithm for managing and treating patients with chronic 

HCV infection, genotype 2 or 3 

EVR, early virologic response; ETR, end of treatment response; SVR, sustained 

virologic response.  

From Ghany et al.(88) 

 

 

The sequential steps recommended for managing and treating persons 

chronically infected with hepatitis C are summarized in Figure 8 and 9, according to 

the currently acceptable guidelines (88). However, it is recognized that reasonable 

physicians may deviate from the strategy and remain within acceptable standards of 

treatment.
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1.9. Extrahepatic manifestations
 

According to the numerous studies and case reports, 40–74% of patients may develop at 

least one extrahepatic manifestation during the course of the disease. The significance 

of extrahepatic manifestations is multiple: one hand, it may be associated with more 

severe symptoms than hepatic disease itself, causing severe complaints and impaired 

quality of life in patients. On the other hand, extrahepatic manifestations can represent 

the first clinical manifestation of HCV infection, even in the absence of hepatic 

symptoms, thus becoming the major hint during the diagnosis of the disease (95). 

Further, the infected extrahepatic tissues might act as a reservoir for HCV and play a 

role in both HCV persistence and reactivation of infection (96). 

At least 36 extrahepatic disease manifestations, mainly autoimmune disorders, 

have been reported to be associated with HCV infection (Table 5.) (97). The true 

prevalence of any of these manifestations is not known because studies have not been 

performed on large numbers of unselected HCV-infected patient populations. 

Mixed cryoglobulinemia is the most known and studied syndrome in HCV 

infection. Cryoglobulins are immunoglobulins that precipitate at temperatures below 

37°C, leading to systemic vasculitis characterized by deposition of circulating immune 

complexes in blood vessels of small and medium size. Cryoglobulins have been 

classified on the basis of the immunoglobulin clonality (Table 6.) (98).  HCV is 

strongly associated with cryoglobulin type II and III. Cryoprecipitates usually contain 

large amounts of HCV antigen and/or antibodies against HCV. Cryoglobulins are 

present in up to 50% of HCV-infected patients, although less than 15% have 

symptomatic disease (99). An independent association has been described between 

cryoglobulinemia and steatosis, and advanced fibrosis (100). Clinical features of mixed 

cryoglobulinemia include cutaneous vasculitis, membranous proliferative 

glomerulonephritis, and peripheral neuropathy. 
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Antiphospholipid syndrome 

Aplastic anemia  

Autoimmune hemolytic anemia  

Autoimmune thyroiditis 

Behcet’s syndrome 

Carotid atherosclerosis 

CREST syndrome 

Dermatomyositis 

Diabetes mellitus 

Fatigue syndrome 

Fibromyalgia 

Guillain-Barré syndrome 

Hypertrophic cardiomyopathy 

Hypocholesterolaemia 

Idiopathic pulmonary fibrosis 

Idiopathic thrombocytopenia purpura 

IgA deficiency 

Lichen planus 

MALToma 

Membranoproliferative glomerulonephritis 

Membranous glomerulonephritis 

Mixed cryoglobulinemia 

Mooren corneal ulcers 

Multiple myeloma 

Non-Hodgkin’s lymphoma 

Neurocognitive impairment 

Pancreatitis 

Polyarteritis nodosa 

Polymyositis 

Porphyria cutanea tarda 

Rheumatoid arthritis 

Sialadenitis 

Sjögren’s syndrome 

Systemic lupus erythematosus 

Uveitis 

Waldenstrom’s macroglobulinemia 

 

Table 5. Reported extrahepatic disease associations with HCV infection  

From Agnello et al. (97) 
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Type Clonality of immunoglobulins Associated diseases 

Type I 
Monoclonal immunoglobulins  

(IgG or IgM) 

Lymphoproliferative 

diseases 

Type II (mixed) 

Polyclonal immunoglobulins 

(mainly IgG) plus monoclonal 

immunoglobulins (IgM, IgG, IgA) 

Mixed 

cryoglobulinemia 

Type III 

(mixed) 
Polyclonal IgG and polyclonal IgM 

Mixed 

cryoglobulinemia 

 

Table 6. Classification of cryoglobulins 

From Gallosi et al. (95) 

 

1.10. Neurological manifestations 

 

Among extrahepatic manifestations, neurologic complications are known to involve the 

peripheral or the central nervous system, leading to mild to severe symptoms and 

complaints. Thus, HCV infection should be considered in the differential diagnosis of a 

variety of neurologic disorders. 

 

1.10.1. Peripheral nervous system manifestations 

 

 Evidence from several studies indicates that peripheral neuropathy is the 

commonest and best established neurologic complication of HCV infection. The 

prevalence of peripheral neuropathy in patients with HCV varies from 8% to 10.6% 

(101). Clinically, the neuropathy presents as a distal symmetric sensorimotor 

polyneuropathy, mononeuropathy multiplex, or mononeuropathy. It can be subacute, 

chronic, or acute on chronic, although a subacute onset is most common. The disorder 

often begins with asymmetric sensory symptoms such as paresthesias that later become 

symmetric. Motor symptoms appear later in the course and usually involve lower limbs 

more than upper limbs. Central nervous system manifestations may accompany the 

neuropathy. Painful palpable purpura due to a leukocytoclastic vasculitis is often seen in 
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the legs in a distal greater than proximal distribution. Recently, cases of polyneuropathy 

with cryoglobulinemia, pure motor axonal neuropathy, small fiber neuropathy 

presenting with restless legs syndrome, and cranial neuropathy have also been described 

(102).  

 The type and severity of neuropathy may depend on the presumed pathogenetic 

mechanism. Cryoglobulin positive patients are presented more frequently with 

moderate-to-severe polyneuropathy, while cryoglobulin-negative patients tend to 

present with mild-to-moderate mononeuropathy or mononeuropathy multiplex (103). 

Patients with PAN-type vasculitis are more likely to have a severe, acute, sensorimotor 

mononeuropathy multiplex involving all extremities. A demyelinating polyneuropathy 

may be related to the effects of HCV on lymphocyte proliferation (104). 

Neuropathologic findings in HCV neuropathy include axonal degeneration, differential 

fascicular loss of axons, signs of demyelination, and small-vessel vasculitis with 

mononuclear cell infiltrates in the perivascular area (105). Altogether, further research 

is needed to examine the relationship between HCV infection, immunologic and 

pathologic changes, and the resulting form of neuropathy. 

 

 

1.10.2. Central nervous system manifestations 

 

Fatigue and depression are common complaints among HCV-infected patients, but these 

symptoms are also common among the general population and, in HCV-infected 

patients, are likely to be due to multiple, coexistent causes. The contribution of a 

biologic effect of HCV on cerebral function resulting in these symptoms is unclear. 

Cognitive impairment has also been reported. HCV-infected patients have been 

found to perform worse on neuropsychologic tasks compared with control populations, 

after a number of other potential causes, such as substance abuse, depression, 

medications, liver cirrhosis, metabolic disorders, and neurologic disorders, were 

excluded (106). However, a definitive link between cognitive impairment and 

HCV infection has not been established. 

  Stroke can be the first extrahepatic manifestation of HCV infection. Both 

ischemic and hemorrhagic strokes have been described. The reported patients were 

relatively young and did not have hypertension or other risk factors for stroke. Strokes 
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were typically subcortical, involving the cerebral white matter. Imaging studies of 

patients with stroke and HCV infection showed periventricular or more extensive white 

matter lesions (101). Strokes related to HCV infection are usually associated with the 

presence of cryoglobulinemia and vasculitis, further, direct effect of the virus on the 

brain has also been proposed, based on the detection of HCV genomic sequences in the 

cerebrospinal fluid CSF of HCV/HIV-infected patients (107).  

 

 

1.10.3. Autonomic nervous system manifestations 

 

Autonomic system function in patients with chronic hepatitis C virus infection has not 

been studied before. However, presence and clinical importance of cardiovascular 

autonomic dysfunction in chronic liver diseases has been examined and proved by 

several studies.  

Autonomic dysfunction has been described in both chronic alcoholic and non-

alcoholic liver diseases, including primary biliary cirrhosis and chronic hepatitis B virus 

infection, as well as in patients with different liver stages of histology ranging from 

moderate liver fibrosis to cirrhosis (108,109,110,111). Besides, autonomic neuropathy  

represents a serious complication as it carries a 5-fold risk of mortality within 4 years, 

in patients with chronic liver diseases independent from the severity of the liver disease 

(112). In a 10-month-long follow-up study in patients awaiting for liver transplantation 

the mortality was significantly higher in patients with autonomic neuropathy (27%) 

compared to those without it (0%), suggesting that presence of neuropathy should be 

taken into consideration for early liver transplantation in patients with advanced liver 

disease (113). 

Up to now the precise explanation of increased mortality associated with 

autonomic neuropathy in patients with chronic liver diseases has not been clearly 

identified. Beside the most severe complications of autonomic dysfunction - silent 

myocardial ischemia and infarction, cardiorespiratory arrest, major arrhythmias (114) - 

the attenuation of circadian variation of blood pressure and heart rate may contribute to 

the higher death rate (115, 116). Autonomic neuropathy may also be regarded as a 

potential etiologic factor of hyperdynamic circulation and portal hypertension (117). 
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1.11. Determination of cardiovagal autonomic function: heart rate variability and 

baroreflex senxitivity 

 

Since the recognition of a significant relationship between the autonomic nervous 

system and cardiovascular mortality, numerous experimental methods have been used to 

describe the quantitative markers of autonomic activity. Heart rate variability (HRV) 

represents one of the most promising such markers. The easy derivation of this measure 

has popularized its use. As many commercial devices now provide automated 

measurement of HRV, providing a simple non-invasive tool for both research and 

clinical studies (118). 

Variations in heart rate may be evaluated by a number of methods. The simplest 

to perform are the time domain measures. Various time-domain indices can be 

calculated, including include the standard deviation of all RR intervals (NNSD), the 

mean heart rate, the difference between the longest and shortest RR interval, the 

difference between night and day heart rate, means the root mean square of successive 

RR-interval differences (RMSSD), means the percentage of RR intervals that differ >50 

ms (pNN50) etc.; however, many of the measures correlate closely with others.  

Power spectral density analysis provides the basic information of how power 

distributes as a function of frequency. Methods for the calculation of spectral density 

may be generally classified as non-parametric and parametric. In most instances, both 

methods provide comparable results. Advantages of non-parametric methods are the 

simplicity of the algorithm employed (fast Fourier Transformation) and the high 

processing speed. Three main spectral components are distinguished in a spectrum 

calculated from short-term recordings of 2 to 10 min: power in very low frequency 

range ( 0.04 Hz) (VLF), power in low frequency range (0.04-0.15 Hz) (LF), and power 

in high frequency range (0.15-0.4 Hz) (HF) components. VLF assessed from short-term 

recordings is a dubious measure and should be avoided when interpreting the power 

spectral density of short-term ECGs. According to some study groups, spectral indices 

are able to discriminate between sympathetic and parasympathetic contributions, e.g. 

vagal activity is the major contributor to the HF component, while LF reflects rather 

sympathetic activity. Although this conclusion has theoretical background, the 
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possibility of determining sympathetic/parasympathetic balance this way remains under 

strong debate (122).  

            Besides HRV, another widely used method to quantify autonomic activity is to 

determine the baroreceptor reflex sensitivity (BRS). Baroreflex is probably one of the 

most important cardiovascular control mechanisms adjusting heart rate and sympathetic 

output to the blood vessels on a beat-by-beat basis. Like many other physiologic 

feedback control mechanisms, baroreflex control of the heart rate can be modeled as a 

sigmoidal stimulus (systolic blood pressure) – response (R-R interval) curve with a 

threshold point, a saturation point, and a linear relationship in-between. The effect of a 

functioning baroreflex results in a dampening of systolic blood pressure increase 

because of an increase of the corresponding R-R intervals and vice versa. Calculation of 

BRS can be obtained by sequence method, as the slope of the linear regression lines 

between the R-R intervals and the systolic blood pressure values, reflecting the 

sensitivity (gain) of the baroreflex in ms/mmHg. Similarly to HRV analyses, power 

spectral densities of BRS can be calculated, as well, using fast Fourier Transformation. 

The transfer function gains can be defined for the high frequency (0.15– 0.5 Hz) and 

low frequency bands (0.05–0.15 Hz). The alpha coefficients is calculated as the square 

root of the mean spectral density of the R-R interval spectra divided by the mean 

density of the systolic blood pressure spectra for the two frequency bands, separately 

(123). 
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2. Aims 

 

The aims of my studies were to describe cardiovagal autonomic function in patients 

with chronic hepatitis C virus infection, and to examine the possible changes of 

autonomic function during the current antiviral therapy. 

 

I aimed to answer the following questions:  

 

1. Is there a difference in cardiovagal autonomic function between treatment-naïve 

patients with chronic HCV infection and healthy control people? 

 

2. Is there a correlation between autonomic indices and markers of liver cell 

damage (serum aminotransferases), liver synthetic capacity (serum albumin), 

glucose metabolism, cryoglobulins and serum HCV RNA level in patients with 

chronic HCV infection? 

 

3. How does the current standard of antiviral therapy affect the cardiovagal 

autonomic function during the course of the treatment? 

 

4. Is there an association between with autonomic function indices and the 

anthropometric and laboratory variables (age, BMI, cryoglobulinemia, HCV 

RNA level, ALT, albumin, glucose) and the response to therapy during antiviral 

treatment? 
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3. Methods 

 

3.1. Patients and controls 

 

For the cross-sectional study, forty-five patients with chronic HCV infection (range 

26–62 years of age, mean 48.2) were recruited from three outpatient liver clinics in 

Budapest, Hungary, between January 2006 and December 2007. Forty healthy subjects 

(range 28–67 years of age, mean 44.6) were recruited from the medical and assistant 

staff of different medical departments of Semmelweis University and served as controls. 

Inclusion criteria only for patients were: (i) HCV RNA positivity by polymerase chain 

reaction (PCR); (ii) no previous antiviral treatment; and (iii) no liver disease in history 

other than chronic HCV infection. Inclusion criteria for both patients and controls were: 

(i) no histological, laboratory or clinical evidence of liver cirrhosis; (ii) no disease that 

might affect the autonomic nervous system,  such as diabetes, hypertension, heart 

failure, ischemic heart disease, end-stage renal disease, stroke, Parkinson’s disease, 

AIDS; (iii) no treatment influencing autonomic nervous system such as beta blockers, 

muscarinic receptor blockers; (iv) no alcohol or drug abuse; and (v) sinus rhythm.  

For the follow-up study, twenty-two patients with chronic HCV infection were 

recruited from the same three outpatient liver clinics in Budapest, between January 2006 

and December 2007. Inclusion criteria were the same as listed in the cross-sectional 

study. For the start of the antiviral therapy, additional contraindications were the 

following: white blood cell count <3,000/mm
3
, absolute neutrophil count <1,500/mm

3
, 

and platelet count <80,000/mm
3
 as well as uncertainty about effective contraception 

during therapy and uncontrolled psychiatric condition, pregnancy or lactation.  

All individuals gave written informed consent to participate in the studies that 

were approved by the Ethics Committee of the Semmelweis University, Budapest, 

Hungary. 

 

3.2. Serological studies 

 

In 1 day before autonomic function tests the following routine laboratory analyses were 

performed: aspartate aminotransferase (AST), alanine aminotransferase (ALT), albumin 

and blood glucose. In patients with HCV infection, HCV RNA was quantified by real-
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time PCR (COBAS TaqMan, Roche Diagnostics, Meylan, France). Genotyping was 

performed by reverse hybridization (INNO-LiPA HCV II, Innogenetics, Ghent, 

Belgium). For the detection of mixed cryoglobulins, blood samples were kept at 37 °C 

until complete coagulation and were analyzed by standard methods. 

 

 

3.3. Cardiovagal autonomic function 

 

3.3.1. Blood pressure, heart rate and respiration 

 

Radial artery pressure was monitored continuously with an automated tonometric 

device (Colin CBM-7000; AD Instruments) for determination of BRS indices. Systolic 

(SBP) and diastolic blood pressure (DBP) measured on the brachial artery by an 

automatic microphonic sphygmomanometer built into the Colin device were used to 

calibrate the radial pressure pulse. R-R intervals (RRI) were measured from R-wave 

threshold crossings on continuously recorded ECGs. Respiration was recorded with an 

inductive system (Respitrace System; Ambulatory Monitoring). To improve the 

reliability of the measurements, breathing rate was paced at 0.25 Hz (119). 

  

3.3.2. Baroreflex sensitivity (BRS) 

 

The coupling between spontaneous fluctuations in heart rate and SBP was determined 

by the sequence method and by spectral analysis. The software used (WinCPRS 

program; Absolute Aliens Oy) detected the ECG R wave, computed RRI and radial 

artery SBP time series and identified spontaneously occurring sequences in which SBP 

and RRI concurrently increased and decreased over three or more consecutive beats 

(BRSseq). The minimal accepted change was 1 mmHg for SBP and 5 ms for RRI. Only 

sequences with a correlation coefficient >0.85 were considered. To determine spectral 

indices, the signals were interpolated, resampled and their power spectra were 

determined using Fast Fourier Transformation-based methods. The LFgain (LF [low-

frequency] transfer function gain) was determined, which expresses RRI and SBP cross-

spectral magnitude in the frequency range of 0.05–0.15 Hz, where coherence is greater 

than 0.5. 
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3.3.3. Heart rate variability (HRV) 

 

Time and frequency domain measurements of HRV from 10 min recordings of RRIs 

were calculated using the WinCPRS program. Non-sinus beats were semi-automatically 

removed and corrected using interpolation of preceding beats. The following parameters 

were determined: the standard deviation of the RRI (termed NNSD), the root-mean-

square of successive differences (termed RMSSD), the percentage of successive RRIs 

which differed by more than 50 ms (termed pNN50), as well as low frequency (0.05–

0.15 Hz) and high-frequency (0.15–0.4 Hz) power of RRI variability (termed LF and 

HF, respectively). 

 

3.3.4. Examination of cardiovagal autonomic function 

 

Patients and controls were studied in the early afternoon under standardized conditions, 

in a quiet room at a comfortable temperature, in the research laboratory of the Institute 

of Human Physiology and Clinical Experimental Research, Semmelweis University, 

Budapest, Hungary. All individuals fasted at least 2 hours before testing and were asked 

to refrain from strenuous exercise or drinking alcohol or caffeinated beverages for 24 

hours prior to the study. Subjects were equipped with the appropriate devices, and then 

rested in supine position for approx. 15 minutes until baseline conditions for heart rate 

and mean blood pressure were reached. Subjects were then asked to synchronize their 

respiratory rate with a metronome beating at 0.25 Hz. R-R intervals and radial artery 

pressure were recorded continuously for a 10 minute period to determine spontaneous 

baroreflex indices. 

 

3.4. Study design  

 

For the cross-sectional study, patients and controls underwent laboratory examinations 

and cardiovagal autonomic function assessment once, with the above mentioned 

methods.  

For the follow-up examinations, patients were treated with pegylated interferon 

(PEG-IFN) alfa-2a (40kd, 180μg) or PEG-IFN alfa-2b (12kd, 1.5 µg/kg) subcutaneously 

once per week and ribavirin (1000 mg if < 75 kg and 1200 mg if >75 kg) per os daily. 
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Duration of therapy was considered individually according to the guidelines. Treatment 

responses were characterized by the results of HCV RNA testing. Early virologic 

response was defined as a decrease in serum HCV RNA concentration to <50 IU/mL or 

a decrease of at least 2 log units from baseline viral load at week 12 of therapy. SVR 

was defined as negativity for HCV RNA in serum by a PCR test at the end of treatment 

and 6 months later. Autonomic function and laboratory examinations were performed 

one day before therapy, then on week 12, week 24 and week 48, depending on the 

individualized duration of antiviral therapy. 

 

3.5. Data analysis 

 

Blood pressure and ECG recordings were digitized and analyzed using the WinCPRS 

program using a sampling rate of 500 Hz. Data were expressed as means ± S.D. 

Between controls and patients, differences in variables were analyzed using 

unpaired Student’s t tests or Mann–Whitney rank-sum for data that failed the tests of 

normality. To assess the independent effect of different parameters (age, body mass 

index [BMI], SBP, DBP, serum levels of AST, ALT, albumin, glucose, 

cryoglobulinemia, HCV RNA) on autonomic indices (HRV and BRS), we performed a 

multivariate analysis using full information maximum likelihood regression. To correct 

for any violations of residual normality, robust standard errors were used. Serum HCV 

RNA level was logged to correct its heavily skewed distribution.  

To assess the change over time in variables of interest, repeated variance 

analysis was used with post hoc Tukey tests. To ensure compliance with the 

assumptions of repeated measures ANOVA requiring equal interval measures, two 

independent analyses were conducted: one with values before and at week 12 and 24 of 

treatment; and one with values before and at week 24 and 48 of treatment. To evaluate 

the effect of potential determinants (age, body mass index [BMI], serum levels of ALT, 

albumin, glucose, cryoglobulinemia, HCV RNA, and response to therapy) on autonomic 

(HRV and BRS) indices during therapy, multivariate analysis using full information 

maximum likelihood regression was performed including all selected participants and 

correcting for attrition. 



 47 

Significance was accepted at p<0.05. Statistical analyses were performed using 

SPSS program package version 14 (SPSS Inc., Chicago, IL, USA) and Mplus version 

5.2 (Muthen and Muthen, Los Angeles, CA, USA). 

 

 

4. Results 

 

4.1. Results of the cross-sectional study 

 

4.1.1. Clinical characteristics of study cohort 

 

Anthropometric, hemodynamic variables and laboratory data of patients with chronic 

HCV infection and controls are presented in Table 7. There was no difference in BMI, 

blood pressure, heart rate, serum albumin and glucose levels between patients and 

controls, while AST and ALT levels were significantly higher in patients with chronic 

HCV infection (p<0.001). In patients with chronic HCV infection, the mean serum 

HCV RNA level was 2,400,000 IU/ml (range 5,800–10,700,000). Genotype analyses 

proved HCV subtype 1b in 43/45 patients (95.6%), and subtype 1a in 2/45 patients 

(4.4%). Mixed cryoglobulinemia was present in 11/45 patients (24%). 

 

4.1.2. Autonomic function indices 

 

As shown in Table 8., heart rate variability sequence indices (NNSD, RMSSD, 

pNN50), frequency-domain indices (LF and HF), baroreflex sensitivity sequence index 

(BRSseq) and frequency-domain index (LFgain) were lower in patients with HCV 

infection compared to controls (p<0.01). 

 

 

 

 

4.1.3. Associations between autonomic function and clinical characteristics 

 

Table 9. shows the possible independent associations between autonomic function 

indices and the ten examined clinical variables in patients with chronic HCV infection. 
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Multivariate analysis proved that neither anthropometric (age, BMI), nor hemodynamic 

(SBP, DBP), nor specific serum variables (serum HCV RNA, glucose, albumin level, 

cryoglobulinemia) were independently associated with any of the examined autonomic 

function indices. ALT was the only parameter independently associated with RMSSD, 

pNN50 and HF [standardized coefficient (β) = -0.58; -0.649; -0.642, respectively, 

p<0.05]. Conducting the same analysis in controls, only age showed an independent 

negative correlation with RMSSD, pNN50, LF, HF, BRSseq and LFgain (Table 10.). 

 

 Patients Controls 

Subjects (male) 45 (20) 40 (16) 

Age (years) 48.2 ± 8.4 44.6 ± 10.8 

BMI (kg/m
2
) 26.3 ± 4.1 26.4 ± 4.8 

SBP (mmHg) 122.7 ± 12.8 120.2 ± 11.1 

DBP (mmHg) 75.7 ± 7.9 73.9 ± 8.4 

Heart rate (beats/min) 75.7 ± 9.9 72.8 ± 9.8 

AST (IU/l) 94.2 ± 58.6 * 20.1 ± 6.2 

ALT (IU/l) 108.9 ± 67.4 * 20.5 ± 9.2 

Albumin (g/l) 46.4 ± 7.3 46.3 ± 2.9 

Glucose (mmol/l) 5.4 ± 0.6 5.2 ± 0.6 

 

Table 7. Clinical characteristics of study cohort  

Values are given as means ± SD. BMI indicates body mass index; SBP, systolic blood 

pressure; DBP, diastolic blood pressure; AST, aspartate aminotransferase and ALT, 

alanine aminotransferase. * p< 0.001, compared with controls. 
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 Patients Controls 

NNSD (ms) 30.5 ± 10.7 * 42.7 ± 19.2 

RMSSD (ms) 21.7 ± 12.2 * 32.9 ± 22.7 

pNN50 (%) 4.4 ± 6.8 * 13.4 ± 18.0 

LF (ms
2
) 168.5 ± 160.9 * 370.7 ± 349.4 

HF (ms
2
) 182.6 ± 198.1 * 388.9 ± 361.3 

BRSseq (ms/mmHg) 7.1 ± 3.4 * 11.5 ± 6.5 

LFgain (ms/mmHg) 5.2 ± 3.3 * 7.9 ± 5.3 

 

Table 8. Cardiovagal autonomic function indices of study cohort  

Values are given as means ± SD. NNSD indicates SD of RR intervals; RMSSD, root 

mean square of successive RR-interval differences; pNN50, percentage of RR intervals 

that differ >50 ms; LF, low-frequency (0.05–0.15 Hz) power of RR-interval variability; 

HF, high-frequency (0.15–0.4 Hz) power of RR-interval variability. BRSseq indicates 

baroreflex sensitivity sequence index; LFgain, cross-spectral transfer gain in the low-

frequency range.  * p< 0.01, compared with controls. 
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NNSD RMSSD pNN50 LF HF BRSseq LFgain 

Age -0.098 -0.021 -0.102 -0.09 -0.161 -0.223 -0.247 

BMI -0.114 -0.189 -0.082 -0.021 -0.125 -0.062 -0.048 

SBP -0.155 0.029 -0.342 -0.051 -0.3 -0.148 -0.274 

DBP 0.006 -0.181 0.293 0.052 0.166 0.046 0.264 

AST -0.009 0.124 0.338 -0.042 0.314 -0.087 0.004 

ALT -0.297 -0.58* -0.649* -0.147 -0.642* -0.225 -0.232 

Albumin 0.254 0.225 0.248 -0.02 0.287 0.227 0.263 

Glucose -0.133 -0.214 -0.181 -0.017 -0.174 0.047 -0.023 

Cryoglo

bulins 
0.207 0.151 0.169 -0.03 0.212 0.023 0.052 

HCV-

RNA 
0.001 0.105 0.148 -0.002 0.057 0.061 -0.085 

r
2
 0.293 0.426 0.339 0.067 0.381 0.285 0.265 

 

Table 9. Independent effects on autonomic function variables in patients with 

chronic HCV infection 

Multivariate analysis was performed using full information maximum likelihood 

regression. Standardized coefficients are given. * p< 0.05 
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Figure 10. Alanine aminotransferase (ALT) - related changes in root mean square 

of successive R-R interval differences (RMSSD) 

r=-0.58, p< 0.05 

 

 

 

 

Figure 11. Alanine aminotransferase (ALT) - related changes in high frequency 

domain indices (HF) of heart rate variability 

r=-0.642, p< 0.05 
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 NNSD RMSSD pNN50 LF HF BRSseq LFgain 

Age     -0.21 -0.291** -0.259* -0.343** -0.308* -0.311** -0.313* 

BMI      -0.101 -0.182 -0.131 -0.109 -0.092 -0.007 0.059 

SBP      -0.167 0.081 -0.081 -0.081 -0.052 -0.014 -0.251 

DBP      -0.009 -0.27 -0.034 0.141 0.108 0.015 -0.028 

AST      -0.406 -0.223 -0.153 -0.388 -0.222 -0.296 -0.331 

ALT      0.365 0.197 0.158 0.231 0.181 0.16 0.085 

Albumin -0.189 -0.203 -0.236 -0.148 -0.114 -0.01 -0.001 

Glucose -0.063 -0.068 -0.08 -0.17 -0.161 -0.209 0.076 

r
2
 0.29 

 

0.271 

 

0.219 

 

0.408 

 

0.257 0.29 0.255 

 

 

Table 10. Independent effects on autonomic function variables in healthy controls 

Multivariate analysis was performed using full information maximum likelihood 

regression. Standardized coefficients are given. *p< 0.05, **p< 0.01 
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4.2. Results of the follow-up study 

 

Twenty-two patients were eligible and started antiviral treatment (age=44.9 ± 10.1; 26-

62 years, BMI=26.1 ± 5.4; 19.8-40.4 kg/m
2
, means ± SD; range). Mean serum HCV 

RNA level was 1,900,000 IU/ml (range 5,800–10,700,000), genotype analyses proved 

HCV subtype 1b in 21/22 patients (95%), and subtype 1a in 1/22 patients (5%). Mixed 

cryoglobulinemia was present in 8/22 patients (35%) before treatment. Study and 

treatment protocol was discontinued in one patient in week 14 because of severe fatigue, 

one patient died in traffic accident in week 31, and one patient refused study 

examinations in week 48. Among the 22 patients 15 (68%) showed an early virological 

response at week 4 or 12, and 11/19 (58%) patients achieved a sustained virological 

response (SVR). 

The patients' laboratory data and cardiovagal autonomic indices before and 

during antiviral treatment are given in Table 11. To preserve space, results of the two 

ANOVA analyses were combined for presentation in the same table. The initially 

elevated AST/ALT levels were nearly normalized by week 12 of therapy and remained 

normal throughout weeks 24 and 48 (p< 0.001). Glucose or albumin levels remained 

unchanged before and during therapy. Both heart rate variability sequence indices 

(NNSD, pNN50), frequency-domain indices (LF and HF), and baroreflex sensitivity 

indices (BRSseq, LFgain) significantly decreased by week 12 (p< 0.01), and then 

increased by week 24 (p< 0.05) to reach pre-treatment levels by week 48 of antiviral 

therapy.  

Multivariate analyses did not identify a significant correlation between any of 

the anthropometric or laboratory variables (age, BMI, cryoglobulinemia, HCV RNA 

level, ALT, albumin, glucose) and changes of autonomic function indices during 

antiviral treatment. Response to therapy was also not associated with the changes of 

autonomic function. 
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Table 11. Laboratory data and autonomic function indices in patients with chronic 

hepatitis C during antiviral treatment 

Values are given as means ± SD. *Significantly different, p< 0.001 from ―Before 

treatment‖ value; †significantly different, p< 0.01 from ―Before treatment‖ value; ‡ 

significantly different, p< 0.05 from ―Treatment week 12‖ value. 

 Before 

treatment 

Treatment 

week 12 

Treatment 

week 24 

Treatment 

week 48 

n (male) 22 (11) 22 (11) 21 (11) 19 (10) 

AST (IU/l) 92.1 ± 56.2 45.7 ± 27.7 * 39.5 ± 26.7  *  42.16 ± 23.8* 

ALT (IU/l) 113.3 ± 71.5  37.8 ± 26.1 * 33.2 ± 27.8  * 33.7 ± 21.8* 

Albumin (g/l) 45.8 ± 7.1 43.8 ± 4.3 45.6 ± 3.7 43.9 ± 4.3 

Glucose (mmol/l) 5.1 ± 0.5 5.1 ± 0.7 5.1 ± 0.6 5.0 ± 0.5 

cryoglobulinemia (%) 8 (35%) 5 (22%) 2 (8%) 1 (5%) 

Heart rate (beats/min) 73.1 ± 6.0 76.2 ± 7.5 73.4 ± 8.1 75.2 ± 9.2  

NNSD (ms) 36.8 ± 11.9  27.5 ± 10.8 † 31.3 ± 16.1 34.1 ± 11.3 

RMSSD (ms) 28.0 ± 14.7 19.9 ± 13.5 29.9 ± 23.8 30.2 ± 17.3 

pNN50 (%) 5.5 ± 6.2 1.4 ± 2.3 † 3.4 ± 4.4 ‡ 4.4  ± 4.9 

LF (ms
2
) 253.0 ± 156.1 111.6 ± 81.9 † 183.4 ± 169.6 ‡ 211.6 ± 149.1 

HF (ms
2
) 230.1 ± 165.1 105.0 ± 97.9 † 254.5 ± 333.4 ‡ 251.8 ± 290.4 

BRSseq (ms/mmHg) 8.1 ± 3.9 5.6 ± 2.0 † 8.3 ± 4.1 ‡ 8.8  ± 2.9 

LFgain (ms/mmHg) 6.8 ± 3.6 5.0 ± 2.2 † 5.9 ± 2.6 ‡ 6.7 ± 2.4 
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5. Discussion 

 

In our cross-sectional study we compared cardiovagal autonomic function in treatment-

naïve patients with chronic HCV infection and healthy controls. We found lower HRV 

and BRS indices in patients with HCV infection, indicating autonomic dysfunction. 

Among the clinical variables examined, serum ALT level was independently associated 

with HRV indices; neither cryoglobulinemia nor the serum HCV RNA level correlated 

with impaired autonomic function. In healthy controls, only age had an independent 

association with HRV and BRS indices. The negative correlation between age and 

autonomic function is known from other studies examining HRV and BRS variables in 

healthy populations (120,121). HCV subtype distribution, which reflects the known 

subtype distribution of Hungarian patients with HCV infection was too homogenous to 

study associations (Hiba! A könyvjelző nem létezik.). 

 To our knowledge, this is the first case-control study addressing autonomic 

function in patients with chronic HCV infection. However, autonomic function is well 

described and studied in other chronic liver diseases, which is reasonable for more 

reasons. On one hand, cardiovagal autonomic function can be assessed by non-invasive, 

reproducible methods: parasympathic activity, basal vagal outflow can be determined 

by various indices of heart rate variability (HRV), while autonomic integrative function 

can be estimated by measuring baroreflex sensitivity (BRS) indices (122,123). On the 

other hand, reduced HRV and BRS have been shown to be independent predictors of 

cardiovascular morbidity and mortality (124,125). Moreover, autonomic neuropathy in 

chronic liver disease is associated with a 5-fold increased mortality within 4 years, 

independent from the severity of the liver disease (Hiba! A könyvjelző nem létezik.).  

In a recent prospective study, decreased HRV indices predicted a poor prognosis and a 

high mortality in 30 patients with liver cirrhosis, independent from age (126). In a study 

including 21 patients awaiting liver transplantation, reduced HRV correlated with the 

severity of the liver disease (127). 

 Despite the numerous central and peripheral nervous system dysfunctions, that 

has been described in patients with HCV infection, the pathophysiology of these 

extrahepatic symptoms remains largely unknown. Neurological symptoms have been 

described in HCV infected patients in the absence of advanced liver disease, suggesting 
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that HCV infection may affect the nervous system directly, independent from liver 

function (128). In a study including 66 patients with chronic HCV infection without 

cirrhosis, impaired neuropsychological function was found in 49% (129). In our case-

control study of patients without laboratory or clinical evidence of liver cirrhosis and no 

other causes of liver disease than chronic HCV infection, an independent negative 

correlation was found between autonomic dysfunction and serum ALT levels. In 

healthy controls, by comparison, only age was associated independently with autonomic 

function. While AST/ALT levels do not directly correlate with the severity of the liver 

disease (130), they indicate HCV-induced liver-cell damage. Taken together, autonomic 

dysfunction is not proved to correlate with the severity of the liver disease. 

Nevertheless, our findings suggest a common pathomechanism for hepatocellular 

damage and autonomic dysfunction in patients with chronic HCV infection.  

Since HCV infection/replication itself is not cytopathic, both liver and 

neurological pathologies in chronic HCV infection are commonly considered to be 

immune-mediated (131,132). Based on detailed analyses including nerve biopsies, 

impaired vasa nervorum microcirculation due to intravascular deposits of cryoglobulins 

and/or immune-vasculitis have been proposed as possible pathomechanisms (133, 134).  

One of the most common extrahepatic manifestations of HCV infection is the 

presence of serum cryoglobulins, termed essential mixed cryoglobulinemia, which is 

frequently found in patients with chronic HCV infection and peripheral neuropathy. In a 

study including 321 patients with chronic HCV infection, 50% had mixed 

cryoglobulinemia and 9% had clinically symptomatic sensory or motor neuropathy 

(135). In another study among 26 patients with chronic HCV infection and mixed 

cryoglobulinemia, 77% had peripheral neuropathy, as defined by the presence of 

paresthesias (136). In a recently published retrospective study autonomic function was 

examined in 30 patients with HCV-associated mixed cryoglobulinemia: 10% had 

autonomic dysfunction on the basis of functional cardiovascular tests (137). In our 

patients with chronic HCV infection, cryoglobulins were found in 24% and did not 

correlate with the level of AST/ALT or HCV RNA, confirming a previously published 

report (138). Further, there was no correlation between autonomic dysfunction and the 

presence of mixed cryoglobulinemia. It is known that peripheral neuropathy may also 

be present in patients without cryoglobulinemia, at a lower prevalence (139). This 
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finding suggests that, similar to our findings, cryoglobulin-independent mechanisms 

may be involved in the pathophysiology of these neuropathies. 

Apart from immune-mediated processes, two other mechanisms underlying 

HCV-associated neurological manifestations have been discussed: direct nerve infection 

and glucose neurotoxicity. A direct axonal viral damage has been discussed since HCV 

RNA was detected in skin and nerve biopsy samples with vasculitis (140), as well as in 

muscle from patients with polymyositis (141). In a study including 30 patients with 

chronic HCV infection, positive-strand HCV-RNA was detected in muscle and nerve 

biopsies from 10 patients, while no negative-strand replicative HCV RNA was found 

(142). The absence of local HCV replication makes a viral contribution to the axonal 

damage unlikely. Further, similar to our study, Santoro et al. found no correlation 

between peripheral neuropathy and the level of serum HCV RNA (143). 

Recently, insulin resistance has been described in HCV infection (144). Diabetic 

neuropathy is a well known complication of persistent episodes of hyperglycemia - a 

phenomenon referred to as glucose neurotoxicity (145).  While diabetic patients were 

excluded from our study, and no differences in fasting glucose levels between patients 

and healthy controls were found, glucose levels did not independently correlated with 

indices of autonomic function in any groups. However, the determination of the fasting 

glucose level only is a limitation of our study, because more sophisticated analyses, such as 

glucose clamp technique and homeostasis model assessment (HOMA) score are required to 

identify insulin resistance and to assess glucose metabolism and possible effects of HCV-

related insulin resistance on the development of cardiovagal autonomic dysfunction.  

Another limitation of our study is the assessment of the baroreflex sensitivity, by 

using only the spontaneous, non-invasive method. Spontaneous BRS represents only a 

part of the complex neural and humoral mechanisms controlling cardiovascular 

function. The activation of sympathetic afferents, changes in central integration, 

interference with other efferent activities, and different target organ responses may 

directly affect BRS. Thus, spontaneous BRS values differ from the BRS values obtained 

in the classic way (intraarterial blood pressure measurements and pharmacological tests 

using phenylephrine and nitroprusside). Drug-induced changes of mean arterial pressure 

move the operating point into a different range, which may result in different gains. 

Therefore spontaneous BRS measures baroreflex sensitivity according to the actual 
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operating point at the response curve, which depends on the blood pressure level and the 

current functional state. Consequently, measurement of spontaneous BRS must be 

interpreted with caution, considering that the exact position of the operating point on the 

whole stimulus–response curve is not known (123). However, clinical studies tend to 

examine the spontaneous BRS, as they have primary importance to use non-invasive, 

fast and easy to use methods. 

Following our case-control study of autonomic dysfunction in patients with chronic 

hepatitis C, we investigated the changes of autonomic function in patients with chronic 

HCV infection during antiviral therapy. Interestingly, a significant decrease in autonomic 

function occurred by week 12 of treatment to be followed by a significant improvement by 

week 24 and a return to pre-treatment values by week 48 of antiviral therapy. 

The response of neurological symptoms to antiviral therapy is mostly favorable 

in patients with chronic hepatitis C virus infection. However, no response, worsening 

and even the even the first onset of peripheral neuropathy
 
have been reported, as well 

(146,147,148). Further, central nervous system disturbances including depression, 

irritability and anxiety have been observed during antiviral treatment (149). 

Ribavirin has no known neurological side effects: neither ribavirin monotherapy 

trials (150, 151) nor randomized trials comparing the combination of IFN-alpha and 

ribavirin with IFN-alpha monotherapy showed significant neurological complications 

(152, 153). 

A direct neurotoxic effect of IFN-alpha in our study is unlikely because 

autonomic dysfunction improved after three months despite the continuation of therapy. 

However, IFN-alpha may induce vasculitis with or without cryoglobulinemia, and with 

its antiangiogenic activity, IFN-alpha can increase preexisting ischemia, leading to 

purpura, skin ulcerations, arthritis or ischemic polyneuropathy (154,155). None of these 

manifestations was observed in our patients with chronic HCV infection during antiviral 

therapy, and presence of cryoglobulins was not associated with the changes of 

autonomic function.  

Further connection between IFN-therapy and changes of autonomic function 

may be the insulin resistance induced by IFN-alpha treatment, which has been described 

recently (156). In our study, patients with diabetes were excluded and fasting glucose 

levels did not change during antiviral therapy. Therefore, an impaired carbohydrate 
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metabolism does not underlie the changes of autonomic dysfunction in our patients. 

However, the fasting glucose level is insufficient to assess insulin resistance and 

glucose metabolism, thus, in further studies more sophisticated techniques (glucose 

clamp technique, homeostasis model assessment score) should be used. 

The immunomodulatory effect of IFN-alpha suggests that the immune status 

correlates with autonomic dysfunction. Prospective longitudinal cohort studies in HIV-

positive and AIDS patients indicate that autonomic dysfunction parallels the HIV 

disease progression., i.e, heart rate variability indices inversely correlate with the stages 

of immunosuppression and correlate with the CD4 cell count (157,158). The degree of 

autonomic dysfunction remains mild and subclinical in patients with HIV 

infection/AIDS in all stages of the disease, just as it was observed in our patients with 

chronic HCV infection. In addition, abnormal heart rate and baroreflex responses have 

been documented in patients with multiple sclerosis (MS) (159). In a 24-months follow-

up of 26 patients with clinically active remitting- relapsing MS, autonomic dysfunction 

assessed by heart rate responses correlated with the clinical activity of MS and disease 

progression (160).  

These results are consistent with data from molecular and immunological 

analyses, including animal-models that addressed links between dysfunction of the 

immune regulation and the autonomic nervous system. These studies suggest, that the 

balance between sympathetic/parasympathetic system plays a major role as an 

integrative interface between the brain and the immune system (161,162). Consistent 

with this hypothesis, IFN-alpha in human brain physiologically affects not only the 

immune but also the central nervous system. IFN-alpha and other cytokines are also 

involved in physiological processes such as fever or fatigue and in 

sympathetic/parasympathetic responses (163,164).  

These findings suggest that the autonomic dysfunction in our patients with 

chronic HCV infection may be associated with changes of the immune status and INF-

alpha modulated immune reactions. Further studies should address these interactions.  

In summary, the increase of cardiovagal autonomic dysfunction during the first 

12 weeks of antiviral therapy is no reason to modify the treatment strategy in patients 

with chronic hepatitis C virus infection because autonomic dysfunction remains mild 

and subclinical, and improves during continued antiviral therapy. 
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6. Conclusions 

 

1. Patients with chronic HCV infection have impaired cardiovagal autonomic 

function, comparing to healthy controls. 

 

2. Among the examined clinical variables, serum ALT level is the only marker 

independently associates with autonomic dysfunction; neither liver synthetic 

capacity, nor cryoglobulinemia, nor serum HCV RNA level correlates with 

impaired autonomic function, suggesting common pathophysiology underlying 

HCV-induced liver disease and neurological manifestations, through 

cryoglobulin-independent ways. 

 

3. We found a significant decrease in autonomic function occurred by week 12 of 

treatment to be followed by a significant improvement by week 24 and a return 

to pre-treatment values by week 48 of antiviral therapy. 

 

4. Multivariate analyses does not identify a significant correlation between any of 

the anthropometric or laboratory variables (age, BMI, cryoglobulinemia, HCV 

RNA level, ALT, albumin, glucose) and changes of autonomic function indices 

during antiviral treatment. Response to therapy is also not associated with the 

changes of autonomic function. 
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