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Summary 

The profound influence of molecular techniques on all branches of biomedical science is 

most apparent in virology. As concerns human infectious viral diseases, the direct detection of 

hepatitis C virus (HCV), hepatitis G virus (HGV) and enteroviruses is based mainly on 

molecular diagnostic methods. These viruses are challenging problems worldwide: the 

number of persons infected annually is several millions. The illness caused by HCV starts 

with mild or nonspecific symptoms, sometimes followed by the development of clinical 

hepatitis. No illness has yet been associated with HGV, and fewer than 1% of enterovirus 

infections are associated with specific illnesses (meningitis, pleurodynia, peri- or myocarditis, 

conjunctivitis, hand-feet-mouth disease, flaccid paralysis, etc.). In the case of a modulated 

immune status, as pregnant women and newborns, the situation is more complicated. The 

correct diagnosis cannot be established without molecular diagnostic methods. 

The aims of this study were to investigate the epidemiology of HCV and HGV infections 

among healthy and risk populations in South Hungary, to determine the usefulness of 

different microbiological methods for the detection of HCV infection, to determine the HCV 

genotypes of patients with chronic hepatitis C in South Hungary and to compare the resulting 

data with those obtained from a randomized number of patients with chronic hepatitis C in 

South-east Austria, to evaluate a qualitative molecular assay for the detection of enteroviruses 

from cerebrospinal fluid (CSF) by using automated RNA extraction instrument and real-time 

PCR, to investigate clinical specimens after determination of the detection limit and to 

compare the results with those of a qualitative in-house PCR assay. 

Between 1992 and 2001, blood donors, health-care workers, pregnant women, children 

and patients with chronic hepatitis C in South Hungary were examined for the presence of 

HCV by second and third-generation enzyme-linked immune assay (ELISA), reverse-

transcriptase PCR (RT-PCR) and automated sequence, phylogenetic analysis, and for the 

presence of HGV by ELISA. Enteroviruses were examined by real-time PCR with automated 

RNA extraction and compared to a qualitative in-house PCR assay in CSF samples. 

Of the 45 719 blood donors tested, 195 (0.42%) were confirmed as anti-HCV-positive. 

Comparison of the groups revealed that those who had had more than three pregnancies, 

undergone surgery, transfusion, tattoos or piercing for earrings were significantly more at risk 

of acquiring HCV infection. A relatively low prevalence of confirmed anti-HCV-positive 

blood donors was found; the transmission of HCV occured mainly by nosocomial route. 
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Of 500 screened pregnant women, 5 (1%) exhibited anti-HCV, and in 3 of the 5 persons 

(0.6%) HCV RNA was found. Until confirmation of the effectivity of elective cesarean 

section for preventing HCV transmission, the screening of pregnant women for HCV 

infection is not recommended. Of 120 children who had received blood transfusions prior to 

the implementation of anti-HCV blood donor screening, 2 (1.7%) were found to be confirmed 

anti-HCV-positive. In the control pediatric population (50), no sign of HCV infection was 

found. Of 2 051 health-care workers 11 (0.53%) were confirmed anti-HCV-positive, and 10 

were positive by RT-PCR, but in 3 further cases anti-HCV positivity was confirmed by RT-

PCR only. Because of the low prevalence of anti-HCV-positive blood donors, pregnant 

women and health-care workers in South Hungary, only a very small number of children, who 

had received blood transfusions prior to implementation of the anti-HCV blood donor 

screening, were infected with HCV. 

In all cases (20) examined, genotype 1 was found, with dominance of the lb subtype in 

South Hungary. Comparison with genotyping results from South-east Austria, where 15 

patients infected with genotype 1 were found and the remaining 5 patients were infected with 

either genotype 3 or genotype 2, reflects the present situation regarding the prevalence of the 

HCV genotypes in South Hungary and South-east Austria, with genotype 1 being the 

predominant subtype in both regions. This genotype has the worst prognosis and an adverse 

response to antiviral treatment. 

In our study, HCV RNA could be detected in only 8.9% of serum samples from the 

borderline-positive cases as compared with 85% in the confirmed HCV antibody-positives. A 

diagnosis of HCV infection should never be based on a positive result in a screening assay 

alone. 

In our study, the 26.3% of the healthy control population had already been HGV-infected. 

In comparison with the international prevalence data, this seems to be high. Transfusion or 

surgery before blood donor screening could be found in the case histories. HGV infection 

seems to occur in higher rates among HCV (50-62.5%), or hepatitis B virus (HBV)-infected 

patients (30%), but definite evidence linking it to a specific disease or illness is lacking. 

When tenfold dilutions of two enterovirus strains, coxsackievirus B4 and echovirus 7, 

were tested by automated RNA extraction and real-time PCR on the LightCycler (LC) 

instrument, the detection limit was found to be 0.1 TCID50 (50% tissue culture infective dose). 

When samples from the Third European Union Concerted Action Enterovirus Proficiency 

Panel were tested with automated RNA extraction and real-time PCR on the LC instrument 

and with the in-house assay, both molecular assays gave results identical to the expected 
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results, which were based upon the results of three reference laboratories using a total of four 

different molecular methods before distribution of the panel. From a total of 109 CSF 

specimens, 23 (21%) were repeatedly found to be positive by automated RNA extraction and 

real-time PCR on the LC instrument and by the in-house PCR assay, and 82 were found to be 

negative by both molecular assays. The new molecular assay allows rapid detection of 

enterovirus RNA in the CSF. It was found to be labor-saving and displayed sufficient 

sensitivity. 
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Abbreviations: 

5'NTR 5' non-translated region 
ALT alanine aminotransferase 
Anti-HCV hepatitis C virus specific antibody 
AST aspartat aminotransferase 
bDNA branched DNA 
CSF cerebrospinal fluid 
DNA deoxyribonucleic acid 
EIA enzyme immuno assay 
ELISA enzyme-linked immune assay 
F female 
y GT gamma glutamil transferase 
HAV hepatitis A virus 
HBsAg hepatitis B virus surface antigen 
HBV hepatitis B virus 
HCC hepatocellular carcinoma 
HCV hepatitis C virus 
HDV hepatitis D virus 
HEV hepatitis E virus 
HGV, GBV-C hepatitis G virus (in this study only HGV will be used) 
HIV human immunodeficiency virus 
IgG immunoglobulin G 
IgM immunoglobulin M 
IFN interferon 
IU international unit 
LC LightCycler 
LCR ligase chain reaction 
M male 
MEQ/ml million genome equivalents/milliliter 
N negative 
NASBA nucleic acid sequence-based amplification 
NAT nucleic acid amplification technology 
ND not done 
P positive 
PEG IFN pegylated interferon 
R repeat result 
RIBA recombinant immunoblot assay 
RB ribavirin 
RFLP restriction fragment length polymorphism 
RNA ribonucleic acid 
RT-PCR reverse transcription polymerase chain reaction 
S/CO sample rate/cutoff rate 
SEN variant of TTV detected first in Italy 
TMA transcription mediated amplification 
TTV transfusion transmitted virus 
UNG uracil-N-glycosylase (AmpErase®) 
UV ultraviolet 
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1. Introduction 

The profound influence of molecular techniques on all branches of biomedical science is 

most apparent in virology. Many newly identified viruses now known to cause significant 

diseases are diagnosed through the use of molecular techniques, even though they have not 

been characterized by the traditional methods of cell culture and infection of animal hosts. 

Laboratory methods play a crucial role in establishing the differential diagnosis of 

hepatitis or enterovirus infections, monitoring the therapy and preventing the transmission of 

the disease, because the clinical signs and symptoms of the diseases are not always specific. 

1.1. EXAMINATION OF HEPATITIS C VIRUS 

Hepatitis viruses are challenging problems worldwide, despite the recognition of several 

viruses over the past few decades as being causative agents of this disease, and despite the 

development of methods for the detection of these viruses and of vaccines to prevent their 

spread. 

The number of viruses that are known to cause hepatitis continues to increase. The 

artificial grouping of these totally unrelated viruses is based on the disease they cause: 

hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis D virus 

(HDV), hepatitis E virus (HEV), hepatitis G virus (HGV, GBV-C) or secondary hepatotrop 

viruses, such as several human herpesviruses, rubella, yellow fever, dengue and other 

hemorrhagic fever viruses (1). The list of potential hepatotrop viruses continues to grow, with 

the recent discovery of the transfusion-transmitted virus (TTV) and SEN virus (SENV-D and 

SENV-H). In spite of numerous reports of the presence of these transmissible single-stranded, 

circular DNA viruses in various kinds of liver diseases with global distribution, definite 

evidence linking them to a specific disease or illness is lacking(2). A putative hepatitis F virus 

has also been described and associated with a human stool sample; however, this awaits 

confirmation(3). 

There are hepatitis viruses that are mainly transferred through the feco-oral route (HAV 

and HEV probably also including HDV and TTV), and the blood-bome viruses (HBV, HCV, 

HDV, HGV). The differential diagnosis of HCV and other hepatitis viruses is based on the 

case history data, clinical signs, biochemical and hematological laboratory findings and 

serological and molecular diagnostic methods. Blood, serum, plasma and liver tissue are 
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widely used for the investigation of these viruses, but stools, other tissues such as lymph 

nodes, saliva, semen and other excreta also can be investigated for the presence of viruses. 

1.1.1. Features of HCV 

The characteristics of HCV are summerized in Table 1. 

Table 1. The features of hepatitis viruses 

Virus Hepatitis C 
Family Flavi 
Genus Hepacivirus 
Genome ssRNA (+) 
Virion (nm) 30-60 
Capsid Yes 
Antibodies Anti-HCV, anti-HCV IgM 
Transmission Blood-borne, sexual, perinatal, 

unknown 
Incubation (days) 14-180 
Onset Insidious 
Chronicitv rate 80-95% 
Further disease Hepatocellular carcinoma (HCC), 

cirrhosis 
Mortality (%) 0.5-1 
Active immunization No 
Therapy Chronic: interferon (IFN)+ ribavirin 

(RB), pegylated IFN (PEG IFN) 

1.1.2. HCV infection and its screening 

According to the WHO data, it is estimated that 3% of the world population have been 

infected with HCV (4). Therefore, there may be more than 170 million chronic carriers in the 

world 17% of whom are at risk of developing serious complications such as liver cirrhosis 

and HCC (5). The prevalence of HCV infection varies from country to country; its rate ranges 

around 1% in Europe and the United States, between 1 and 3% in the Middle East and Asia, 

and between 1 and 19% in Africa. 

Studies on HCV infections include the following populations: the screening of blood 

donors and risk populations such as post-transfusion patients, studies of community/acquired 

disease, studies of drug addicts, studies of hemophiliacs, common-source outbreaks and 

investigations of perinatal transmission. 

The recent development of cell culture models for HCV has greatly advanced the study of 

HCV replication and the development of new therapies. At present, the most effective of these 

models is the replicon system <(,). 
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Direct demonstration of the antigens of HCV is coming into the center of interest with the 

development of total HCV core antigen testing in the early phase of infection called the 

"window period", in spite of the low virus titer in the serum found to be 104-107 per ml in 

most patients(7)' 

The presence of the antibodies against HCV in human serum means that the infection has 

been acquired, and that the patient may carry the virus and can transmit it, but these 

antibodies do not help to eliminate the virus and their appearance does not mean protection 

against infection or superinfection. Antibodies against HCV antigens are present for years in 

both acute and chronic infections, but do not give information on the natural history. 

Earlier, a high rate of false-positive enyzme immune assay (EIA) results was measured by 

a commercially available first-generation HCV EIA was described. The application of 

recombinant antigens in the second-(core, NS3 and NS4) and third- or fourth-generation 

(+NS5) tests increased both the sensitivity and the specificity. In the detection of HCV 

antibodies with EIA tests, we may be faced with indeterminate results. Several explanations 

can be found in these cases: falsely indeterminate results due to cross-reactivities with other 

viral antigens or immunological disorders, the "window period" at the onset of the infection, 

or a low virus titer in the serum, and a decreased host immunesystem reaction (8). The 

"window period" decreased to 74 days following the appearance of second- and third 

generation EIA methods (9). Second and third-generation recombinant immunoblot assays 

(RIBAs), where the individual antigen-antibody reaction can be read, may be used for 

confirmation. Second and third-generation assays have higher specificity and false-negative 

results are exceptional. These methods are suitable for the screening of blood donors or risk 

populations. 

Patients found to be anti-HCV-positive should undergo HCV-RNA testing by molecular 

methods as part of the process of diagnosis(8). 

1.1.2.1. HCV screening of blood donors 

To prevent the nosocomial route of infection, the compulsory screening of blood donors 

was introduced in Hungary in 1992. The risk of HCV transmission, however, has been greatly 

reduced since the early 1980s by the selection of nonremunerated donors; donor selection to 

prevent viral transmission, initial surrogate testing in some regions, and the introduction of 

hepatitis B surface antigen (HBsAg), and HCV specific antibody (anti-HCV) testing have all 

contributed to this. Surrogate testing became obsolete following the introduction of virus-

specific antibody and antigen screening. 
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The implementation of HCV antibody blood donor screening further decreased the 

transmission of the virus by blood transfusion in 1991-92 and the risk of post-transfusion 

hepatitis has declined from 1 in 5 000 to 1 in 200 000(10). 

1.1.2.2. HCV screening of liealth-care workers 

Health-care workers are exposed to blood-borne infections to a greater extent than normal 

as a consequence of their work. By decision 18/1998. (VI. 3.) of the Minister of Social 

Welfare, health-care workers positive for human immunodeficiency virus (HIV), HBV or 

HCV must not participate in invasive medical treatment or dentistry, and screening is 

therefore necessary in this population. 

Prospective studies have not been made; the risk of transmission from health-care workers 

was found to be 1/30 in the case of HBV, 1/300 in the case of HCV and 1/3 000 in the case of 

HIV calculated per surgical accident (Department of Epidemiology of B. Johan National 

Center for Epidemiology, unpublished). The Centre for Disease Control and Prevention 

(CDC) has not made specific recommendations, but the regulations of the insurance 

authorities against medical professional mistakes prevents virus carrier dentists, surgeons and 

gynecologists from continuing of their original specialized activities(4). 

1.1.2.3. HCV infection of pregnant women and neonates 

There is conflicting evidence on the rate of mother-to-infant transmission of HCV, which 

is explained by methodological differences. The transmission of HCV maz occur in utero, 

transplacental^ at any time during pregnancy, during delivery or postnatally, and the relative 

importance of each of these routes remains unclear. The rate of perinatal transmission is 

approximately 6-7.8% in the case of HCV, but it is higher when the mother is coinfected with 

H I V (il, i2)_ H o w e v e r screening for HCV is not recommended for healthy pregnant women; 

the possibility of perinatal transmission cannot be prevented as in the case of HBV or HIV 

infection (l3). The route of perinatal transmission of HCV is not well understood, although 

several studies have been made worldwide. The identification of factors is essential to allow 

the development of effective prevention strategies in order to reduce the risk of perinatal 

transmission of HCV ( l4). 

1.1.2.4. HCV infection among children 

HCV infection is relatively infrequent among children (0.05-0.4%) as compared to the 

average adult European population (0.5-2%) (l5). Effective transmission routes such as 
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transfusion, hemodialysis, tattoo, piercing, needdlestick injury or intravenous drug use are 

rare or could not be found. There is not enough knowledge about the natural history, the 

clinical outcome and the efficacy of therapy of the disease in childhood. Before the 

implementation of HCV screening among blood donors, the most common route of HCV 

infection was parenteral. The mother-to-infant route subsequently took over the lead as we 

have no possibility to prevent such transmission. In countries where the prevalence of HCV is 

high among women of childbearing age, it can be an important transmission route, even with 

coinfection with HIV ( l6). Children who have been recipients of multiple transfusions as a 

result of chronic anemia, cancer or hemophilia, and also as patients who have received 

extracorporeal membrane oxygenation or long-term parenteral nutrition, are at high risk of 

HCV infection; the reported prevalence ranges from 10 to 85% (Table 2) ( , 7 ) . 

Table 2. HCV infection rate among high-risk pediatric populations 

High-risk pediatric populations 
Rate of HCV 

antibody positivity 
Literature 

Before 1992 blood or blood products 

Hemophilia or thalassemia 80% Schwimmer et al. 200018 

Neonates for other reasons 2.5% Grasselly et al. 199719 

Children recovered from malignant 6.6% Strickland et al. 200020 

diseases 

Before 1992. open-heart surgery 14.6% Vogt et al. 199917 

Before 1992. liver and heart transplantation 4-7% Davidson et al. 199821 

Hemodialysis 1-54% Pereira et al. 199722 

Mother-to-infant transmission 6-7.8% Tajiri et al. 200112 

1.1.2.5. Chronic hepatitis C 

Although 70-80% of HCV-infected persons become chronic carriers, most of them have a 

relatively mild form of the disease with slow progression (23). 

Hepatitis is said to be chronic when the laboratory findings characteristic of hepatitis are 

above the normal level for at least 6 months. Clinical signs of chronic hepatitis are usually 

mild and nonspecific for a long time. The illness is often diagnosed in the late stage of liver 

disease. The onset of the infection therefore cannot be determined 11 
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The histopathology encompasses the entire spectrum of liver damage ranging from acute 

fulminant hepatic necrosis to cirrhosis and HCC. Among those biopsied, about 20% display 

cirrhosis within 10 to 20 years, some of whom develop HCC(24). 

The immune response to HCV appears to be critical both in determining viral clearance or 

persistence and in contributing to liver injury. Immunological investigations can be performed 

for examination of the host cellular and humoral immune response(25). 

Differential diagnosis of other possible causes of chronic hepatitis (autoimmune hepatitis, 

other virus hepatitis, Wilson disease or hemochromatosis) and malignant diseases is important 
(26) 

The natural history of HCV infection is not well understood because of the difficulties of 

setting up and maintaining suitable studies. Much of the data on the natural history has come 

from retrospective studies of people with chronic liver disease and is biased towards 

populations who experience the more severe consequences of the disease(5). 

Treatment of patients with chronic hepatitis C according to international standards started in 

Hungary in 1992 (27). The most effective and available initial therapy is currently combined 

treatment with IFN and RB, which results in a 35-40% sustained virologic response in all 

after a 24- or 48-week course of this therapy. Several circumstances influence the response to 

the therapy and many new drugs are under development(28). 

Patients with chronic hepatitis C rarely have signs and symptoms for years, so this group is 

based on the screened population mentioned and those who already have signs or symptoms 

of hepatitis or other extrahepatic manifestations. Because of the possible occurrence of health-

threatening diseases (cirrhosis and HCC) and careful selection for expensive therapy, these 

patients are followed up in one of the hepatology care units in Hungary(27). 

1.1.3. HCV RNA detection 

HCV replicates at relatively low levels and HCV RNA cannot be detected in body fluids 

by classical hybridization-based techniques; amplification is necessary(29). 

There are a number of methods for qualitative HCV RNA detection: reverse transcription 

polymerase chain reaction (RT-PCR), transcription-mediated amplification (TMA), home-

made RT-PCR, nucleic acid sequence-based amplification (NASBA), ligase chain reaction 

(LCR), real-time PCR and competitive RT-PCR-based assay (NGI). Many variations in the 

HCV PCR assay have been described in the literature, and standardization of such in-house 

assays has been difficult(30). 
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Numerous factors contribute to the variability of RT-PCR assays, including specimen 

handling and storage conditions, the presence of PCR inhibitors (5-10% of samples), the 

correct design of amplification primers, the variability of biochemical reactions, DNA product 

contamination, and the efficiency of post-amplification systems(31). 

Occasionally, the results are borderline (defined in the case of Cobas Amplicor HCV Test 

version 2.0, Roche Diagnostics as an optical density of 0.15-1.0) and/or discordant upon 

repetition. These cases are indicative of very low-level viremia due either to an HCV infection 

or to transient contact with the virus, with or without subsequent HCV infection(32). 

A standardized RT-PCR assay has been introduced, improved for clinical laboratories for 

the qualitative detection of HCV RNA in patient serum (Amplicor HCV 1.0, 2.0, COBAS 

Amplicor 2.0. Roche Molecular System, Pleasanton, California, USA). The detection limit of 

the latest assays reaches 50 International Units (IU)/ml. In newly described assays (Versant 

HCV RNA qualitative assay) the analytical sensitivity of 100% is 5 IU/ml(33). The analytical 

sensitivity of assays is estimated according to WHO recommendations and is counted in IU 

instead of copies/ml and million genome equivalens (MEQ)/ml. If a result is positive, the 

diagnosis of ongoing HCV infection is confirmed. 

The availability of effective antiviral therapy for hepatitis C has increased the need for the 

molecular detection and quantification of circulating hepatitis C viral particles. There are 

several methods for quantitative HCV RNA detection: RT-PCR, the bDNA method, NGI, 

TMA, real-time PCR, NASBA and LCR. Two of them are commercial, standardized assays 

and have been widely employed in the past few years in Hungary as well (34"36). In the second-

generation branched DNA-based signal amplification assay (Quantiplex HCV RNA 2.0, 

Chiron Diagnostics, Emeryville, California), the amount of luminescence emitted is 

proportional to the viral load, which is calculated in comparison with a standard curve 

established in each run with RNA standards in known amounts. A quantitative RT-PCR-based 

assay has also been developed and improved (Amplicor HCV Monitor 2.0, Cobas Amplicor 

2.0, Roche Molecular Systems). The results of the assays are difficult to compare and this can 

lead to misinterpretation of the results(8). 

1.1.3.1. HCV RNA detection in the diagnosis of HCV infection among blood 

donors, health-care workers, pregnant women, neonates, children and 

patients with chronic hepatitis C 

The introduction of HCV nucleic acid amplification technology (NAT) as a quality 

control of manufacturing pools for plasma products or as a form of blood donor screening by 
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minipools is anticipated in many European countries(37). The test detects HCV RNA 23 to 32 

days prior to seroconversion (38). The introduction of highly automated NAT (Ampliprep, 

Roche) and microarray systems and multiple PCR helps to resolve the problem of mass 

screening and diagnostics(39) 

Because of the diagnostic mix of HCV infection, it is difficult to investigate the 

prevalence and natural history of infection of a population throughout the world. In the event 

of a naturally immunosuppressed status such as pregnancy, the diagnosis should be based on 

the detection of HCV RNA(40). 

The diagnosis of infection in babies has some unique characteristics. Although it is 

possible to detect HCV RNA immediately after birth, it is prudent to delay the diagnosis of 

perinatal transmission. The diagnosis of perinatal transmission should be based on the 

presence of HCV RNA in at least two serum samples after the second month postpartum, 

while anti-HCV should be confirmed after the first year of life, since maternal anti-HCV 

antibodies may persist 20 months after birth. After infancy, a variable percentage of 

perinatally infected children are anti-HCV-negative with detectable HCV RNA in the serum. 

Thus, HCV RNA should be determined in all children to confirm the diagnosis(l4). According 

to the li terature, elective cesarean section can reduce the risk of perinatal transmission; in this 

way, transmission could be prevented(40). 

In cases of chronic hepatitis C, pretreatment HCV viral load and the rate of virus decline 

during therapy have been shown to be helpful in making recommendations regarding 

treatment(41). 

1.1.4. HCV genotype detection and phylogenetic analysis 

The molecular characterization of HCV revealed the existence of a positive-sense RNA 

genome approximately 9400 bases in length. The complete genome sequence has been 

determined in different HCV isolates worldwide and substantial nucleotide sequence 

variability along the complete viral genome has been found (42). The comparison of the 

published sequences of HCV has led to the identification of distinct HCV genotypes that may 

differ from each other by as much as 33% over the entire viral genome (43). The variability 

within the HCV genome has formed the basis for several genotyping systems. The currently 

most commonly used classification system is based on the 5' nontranslated region (5'NTR) 
(44). HCV genotypes 1, 2 and 3 exhibit a worldwide distribution, while others, such as types 5 

and 6, are found only in specific geographical regions (45). The different genotypes are 
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relevant to epidemiological questions, vaccine development, and the clinical management of 

chronic HCV infection. 

Methods for HCV genotyping include the amplification of certain genomic regions, 

followed by nucleotide sequencing, RT-PCR with genotype-specific primers, restriction 

fragment length polymorphism (RFLP) analysis of RT-PCR products and RT-PCR with 

universal primers followed by subtype-specific hybridization (46~49). Nucleotide sequencing 

followed by phylogenetic analysis is the current "gold standard" for identifying different 

HCV genotypes and subtypes, but is generally regarded as impractical for routine clinical 

laboratory settings (50). Recently, the TruGene HCV 5'NC Genotyping Kit (Visible Genetics, 

Toronto, Ontario) has come onto the market. For this assay, amplification products generated 

by the AMPLICOR HCV or AMPLICOR HCV MONITOR assays (Roche Molecular 

Systems, Pleasanton, CA) can be used. 

1.1.4.1. HCV genotype detection and phylogenetic analysis in the diagnosis 

and management of HCV infection among blood donors, health-care 

workers, pregnant women, neonates, children and patients with chronic 

hepatitis C 

With the exception of intravenous drug users for whom a characteristic distribution of 

viral types has been convincingly and reproducibly shown, the extensive search for 

preferential genotype segregation within the various patient categories has by and large been 

unsuccessful. The genotype distribution varies with the age of the patients, as a likely 

consequence of temporally distinct epidemic waves(51). 

Molecular biology can be used to furnish evidence of nosocomial transmission and for the 

documentation of hemodialysis patient-to-patient transmission in hemodialysis units or in 

women originally infected through exposure to a single batch of HCV-contaminated anti-D 

immunglobulin(52). 

The influence of the viral genotype in the pathogenesis of liver disease is still 

controversial, although genotype 1 is associated with a poor response to treatment with IFN 

alone or in combination with RB(53). 

1.2. EXAMINATION OF HEPATITIS G VIRUS 

Newly discovered blood-bome hepatitis viruses were found through the investigation of 

transfusion-associated non-A, non-B hepatitis agents. In 1995, GB virus C (GBV-C) (54) or 
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HGV (55) was identified in two laboratories, as independent representatives of the same virus. 

The term HGV will be used in this thesis. 

1.2.1. Features of HGV 

HGV has a positive-sense RNA and belongs in the family of Flaviviridae. The genome of 

HGV is similar to the HCV genome in 5'NTR. Because of a relatively low level of amino 

acid sequence variation among the strains, HGV is classified into groups rather than types and 

subtypes. According to Smith et al. (56), there are four groups (1, 2, 3 and 4) and two 

subgroups in group 2 (subgroups 2a and 2b). 

Transmission via the blood-bome route is the most common mode, although perinatal and 

sexual transmission are well documented(57'58). 

1.2.2. Diagnosis of HGV infection 

The diagnosis of acute HGV infection is based on RT-PCR(59) as there are no serological 

assays to detect current HGV infection. In cases of past infection, ELAs for the detection of 

antibodies to the E2 protein (anti-E2) of HGV have been established by several laboratories 
(60). Interestingly, almost all sera positive for anti-E2 were negative for HGV RNA. This 

means that anti-E2 correlates with HGV clearance. Thus, anti-E2 positivity means past, 

recovered HGV infection. This suggests that tests for HGV RNA and anti-E2 are very useful 

to assess the rate of infection by this virus. 

1.2.3. Prevalence of HGV infection 

The prevalence of HCV RNA in healthy blood donors has been reported from around the 

world. Though HGV infection is common worldwide, the prevalence ranges from 0.6 to 

14.2% (61). In Hungary the prevalence has been examined among 60-year-old and older, 

healthy persons (28%), and healthy health-care workers (26%) (62, 63). In high risk groups, 

such as persons with involved in intravenous drug use or hemodialysis the prevalence can be 

19-78%(64). 

1.2.4. Role of HGV infection in chronic hepatitis 

The virus can provoke both acute and chronic infection and appears to be sensitive to IFN. 

As the route of infection seems to be similar to those for HBV and HCV infections, 

coinfection with HBV and/or HCV is common (15%) (65). The role of HGV in chronic 

hepatitis remains uncertain(66). 
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1.3. EXAMINATION OF ENTEROVIRUSES 

1.3.1. General introduction 

The enteroviruses comprise a genus of the family Picornaviridae (<l7). The spread of the 

virus is primarily via the oral-fecal route, perhaps with some respiratory involvement. 

Transmission through blood or blood products is possible (68). While many enterovirus 

infections result in no clinical consequences or only mild illness, members of this group of 

viruses can cause many different diseases, occasionally affecting a variety of target organs: 

neurologic (flaccid paralysis, aseptic meningitis or encephalitis), respiratory (common cold, 

tonsillitis, pharyngitis, rhinitis, pleurodynia, hand-feet-mouth disease or conjunctivitis) or 

cardiovascular (myocarditis or pericarditis), but almost all members can cause aseptic 

meningitis <( ,). In addition to the known and documented enteroviral infections, these viruses 

have also been implicated (but definitive proof is lacking) in several chronic diseases, some of 

which are: juvenile onset of diabetes mellitus, chronic fatigue syndrome, amyotrophic lateral 

sclerosis (Lou Gehrig's Disease) and Guillain-Barre and postpolio syndromes <70). 

Nonbacterial 'aseptic' meningitis is a common manifestation of enterovirus infection. 

Table 3. Enterovirus types based on 5'NTR sequences (71 

Clusters of Enterovirus genus Viruses Major disease 
"Poliovirus-like" Polioviruses 1-3 Flaccid paralysis, aseptic 

meningitis 
Coxsackieviruses A1-21, 24 Aseptic meningitis herpangina, 

conjunctivitis (A24) 
Enterovirus 70 Conjunctivitis 

"Coxsackievirus B-like" Coxsackieviruses Bl-6 Aseptic meningitis, encephalitis, 
fatal neonatal disease, myo- or 
pericarditis, pleurodynia (Bornholm 
disease) 

Coxsackieviruses A9, 16, Aseptic meningitis, human hand-
feet-mouth disease (A16) 

Echoviruses 1-9, 11-27, 29-34 Aseptic meningitis, rashes, febrile 
illness, myocarditis 

Enteroviruses 68, 69, 71 Aseptic meningitis, polio-like 
illness, human hand-feet-mouth 
disease (enterovirus 71) 

Parechovirus Enteroviruses 22-23 Aseptic meningitis, encephalitis 
Kubovirus Aichi virus Human enterocolitis 
Hepatitis A cluster HAV and certain CAV Hepatitis epidemica 
* Echovirus 9 = coxsackievirus A23; echovirus 10 = reovirus; echovirus 28 = rhinovirus; echovirus 34 = 

coxsackievirus A24. In the current report of the International Committee on Taxonomy of Viruses, these viruses 

are prefixed 'human' to distinguish them from animal viruses where relevant. 
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1.3.2. Diagnosis of enterovirus infection 

The usual specimens for virus isolation are feces (or rectal swabs) and throat swabs. 

Culture or nucleic acid detection of virus in the cerebrospinal fluid (CSF) is an essential part 

of the routine laboratory diagnosis of patients with aseptic meningitis. The laboratory 

diagnosis of enterovirus meningitis has concentrated on isolation of the virus from CSF. 

Attempts to isolate enteroviruses, however, are laborious, time-consuming, and frequently 

unsuccessful (74"76). 

1.3.2.1. Enterovirus RNA detection 

Molecular assays for the detection of enteroviruses have been introduced and shown to be 

quicker and more sensitive than cell culture methods (77"8I). However, conventional in-house 

molecular assays based on RT-PCR require special equipment and staff and are not suitable 

for a high-throughput routine diagnostic laboratory. Furthermore, they lack standardization. 

Therefore, a more standardized and easier-to-handle molecular assay, the AMPLICOR 

Enterovirus Test, has been introduced and shown to be suitable for the routine diagnostic 

laboratory(79'82). This assay, however, has recently been removed from the market. 

1.3.2.2. Automated specimen preparation and real-time PCR 

The MagNA Pure LC (Roche Molecular Biochemicals, Mannheim, Germany), a fully 

automated specimen preparation instrument, and the LightCyler (LC) instrument (Roche), 

which allows high-speed thermal cycling and online real-time fluorescence monitoring, have 

recently been introduced (83'84). Combined use of these instruments allows the establishment 

of rapid molecular assays for the detection of pathogens in the routine diagnostic laboratory. 

1.3.3. Role of enterovirus infection among pregnant women, neonates and 

children 

Pregnancy and parturition may be associated with a greater risk of myocarditis with 

coxsackie B infection. Maternal antibody may not affort protection from infection, but will 

prevent clinical disease(85). 

A kind of enterovirus seroconversion occurs in 60% of pregnancies; in 25% of 

pregnancies, there are two or more kinds of enterovirus seroconversion. Prematurity, low birth 

weight, onset of illness within the first few days of life, occurrence during the 'enterovirus 

season1 and recent antepartum or postpartum febrile illness in the mother are risk factors for 

the most severe, generalized and fatal neonatal enteroviral disease, most commonly associated 
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with the coxsackie B virus, particularly B2 and B4. In temperate climates, enteroviruses are 

more prevalent in the summer and autumn (i.e. when ancient temperature and humidity are at 

their peak). The frequency of enterovirus infections amongst neonates is in 0.6-0.7%. 

Neonatal illness has seldom been attributed to coxsackie A viruses (because of their difficult 

diagnostics), but echoviruses (e.g. types 4, 9, 11, 17-20, 22 and 31) have been incriminated in 

both nursery outbreaks and sporadic infections (86). Fatal cases of echovirus infection 

generally present with progressive severe hepatitis, myocarditis and CNS involvement, 

whereas fulminant coxsackievirus B infections can be distinguished by the presence of severe 

myocarditis and serious meningitis. 

Young children in a community are the usual reservoir of enterovirus infection. In young 

infants, enteroviral meningitis is often confused with illnesses caused by bacteria and 

herpesvirus, resulting in thousands of children being hospitalized and incorrectly treated with 

antibiotics and anti-herpes drugs. Rapid and correct diagnosis could prevent such unnecessary 

treatment(87). It is essential to establish a diagnosis as quickly as possible in order to institute 

measures to prevent infection spreading to other infants. 
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2. Aims of the study 

This study was carried out with the following aims: 

2.1. EXAMINATION OF HEPATITIS C VIRUS 

• To investigate the epidemiology of HCV infection among healthy (blood donors and 

pregnant women) and risk populations (health-care workers and children who received 

blood or blood products before the imlementation of blood donor screening) in South 

Hungary. 

• To compare the usefulness of EIA and RT-PCR methods for the detection HCV 

infection 

• To determine the HCV genotypes among patients with chronic hepatitis C in South 

Hungarian by automated nucleotide sequencing of HCV 5'NC and phylogenetic 

analysis. 

• To analyze data in comparison with those obtained from a randomized number of 

patients with chronic hepatitis C in South-east Austria. 

2.2. EXAMINATION OF HEPATITIS G VIRUS 

• To determine the anti-E2 prevalence in high-risk groups, such as chronic HCV-

infected patients and health-care workers. 

2.3. EXAMINATION OF ENTEROVIRUSES 

• To evaluate a qualitative molecular assay based on automated RNA extraction on the 

MagNA Pure LC instrument and real-time PCR with the LC system. 

• To investigate clinical specimens after determination of the detection limit. 

• To assess the sensitivity of a qualitative in-house PCR assay. 
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3. Patients and Methods 

3.1. POPULATIONS STUDIED FOR HEPATITIS C AND G VIRUSES 

3.1.1. Blood donors 

From 1992 onwards a total of 45 719 blood donors were examined for the presence of anti-

HCV antibodies. The median age of the blood donors was 35 years (range: 19 to 74 years). 

All confirmed anti-HCV-positives were interviewed for potential risk factors of HCV 

transmission and tested with RT-PCR for the presence of HCV RNA and serum viral load. 

RT-PCR-positives were tested for genotype. The resulting data were compared with those 

obtained on a randomized number of anti-HCV-negatives. 

3.1.2. Health-care workers 

Between May 1999 and January 2000 serum samples from 2051 health-care workers 

(female/male: 1130/921) were examined for the presence of HBsAg and anti-HCV. The 

median age of the male health-care workers was 42.49 years (scatter: 13.92), and that of the 

females 38.04 years (scatter: 11.59). In the HBsAg and anti-HCV-positive workers further 

examinations were carried out (see below). In the cases of 94 health-care workers 

(female/male: 51/43, median age: 47 years), anti-HGV examinations were also performed. 

These health-care workers were interviewed for potential risk factors of HBV and HCV 

transmission. 

3.1.3. Pregnant women 

Serum samples from 500 healthy pregnant women were examined for the presence of 

HBsAg and anti-HCV for the possibility of perinatal transmission of HBV and HCV. The 

mean age of the pregnant women tested was 26 years (range: 17 to 38 years). All confirmed 

anti-HCV-positives and HBsAg-positives were examined further. 

3.1.4. Children 

A total of 120 children (female/male: 61/59) who had received one or more blood 

transfusions in their early childhood prior to implementation of anti-HCV blood donor 

screening were tested for anti-HCV positivity and their liver functions were tested by 

measurement of the serum GPT level. The mean age of these children was 7 years (range: 5 to 

10 years). The resulting data were compared with those obtained from a randomized number 

of children not belonging in HCV risk groups. All those children who gave positive anti-HCV 

results were tested further (RT-PCR, genotype and HGV anti-E2). 
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3.1.5. Patients with chronic hepatitis C 

A group of 126 patients (female/male: 54/72) with the diagnosis of chronic hepatitis C were 

followed up during treatment (IFN and IFN+RB) for the presence of anti-HCV and HCV 

RNA. Between 1992 and 2001, these patients received antiviral therapy. The median age of 

the patients with chronic hepatitis C was 46 years (range: 15 to 73 years). In 48 patients with 

chronic hepatitis C (female/male: 20/28, average age: 46.5 years), anti-HGV detection was 

performed. In 18 cases, HCV genotype detection was also carried out. 

Borderline reactive anti-HCV samples were examined in 79 individuals (female/male: 47/32, 

median age: 40 (0.6-77) years) and HCV RT-PCR was performed in 50 persons (female/male: 

35/15, median age: 39 (8-70) years) despite the negative serology. 

HGV examinations were made in the cases of 48 patients with chronic hepatitis C 

(female/male: 20/28, average age: 46.5 years) and 94 health-care workers (female/male: 

51/43, median age: 47 years). Case history and physical examinations were carried out at the 

hepatologic outpatient clinic. 

3.2. METHODS FOR STUDY OF HEPATITIS C AND G VIRUSES 

3.2.1. Collection of specimens 

Within 3 hours following blood draw, blood collection tubes were centrifuged and serum 

aliquots were prepared and were either tested immediately or frozen at -80 °C until testing. 

All patients were sent to the Hepatology Centre, at the 1st Deparment of Internal Medicine, 

University of Szeged for follow-up. Liver function was screened by serum GPT level using 

UV, IFCC method on a Hitachi 917 automata at the Department of Clinical Chemistry, 

University of Szeged, according to the manufacturers instructions. Liver biopsy was done in 

the case of patients with chronic C vims hepatitis. 

3.2.2. Serological assays 

All sera were screened for the presence of anti-HCV by either second- or third-generation 

EIAs (Abbott Axsym EIA 2.0, 3.0). Positive results were confirmed by either second- or 

third-generation recombinant immunoblot assays (Ortho RIBA 2.0, 3.0). According to the 

recommendation of the German Federal Republic Authority (Paul-Erlich-Institute, Langen, 

Germany) the borderline reactivity of Abbott Axsym EIA tests is sample/cutoff ratio (S/CO): 

0.80-0.99. In our study the borderline reactivity was taken as S/CO: 0.8-1.5. 

HBsAg was tested using the ELISA Test System 3 (Ortho, Budapest) or Axsym V2 

(Abbott, Szeged). Confirmations were performed by using the Hepanostica Uniform HBsAg 

Test 2.0 or the Confirmatory Test 2.0 (Organon, Budapest). In the cases of reactive samples, 
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other hepatitis B virus markers were detected by the Hepanostica Uniform anti-HBc IgM, 

anti-HBc IgG, anti-HBe, HBeAg Elisa Test (Organon, Budapest). 

HGV antibody E2 was detected by the RD System anti-GBV-C test. The assays were 

performed according to the instructions of the manufacturers. 

3.2.3. Qualitative and quantitative HCV RNA detection 

For qualitative detection of HCV RNA in the serum samples, either the Amplicor HCV 

Test 2.0 or the Cobas Amplicor HCV Test 2.0 (Roche Molecular Systems, Pleasanton, 

California, USA) was used. This assay is carried out in a semi-automated manner, including 

manual extraction and automated amplification, in the case of Cobas automated PCR product 

hybridization and interpretation. The use of an internal control excludes the possibility of 

false-negative results. The risk of false-positive results can be lowered by careful hands-on 

work and with the use of uracil-N-glycosylase (UNG). The specificity of the Amplicor HCV 

2.0 appears to be of 97-99%. The detection limit is 50 IU/ml. 

For quantitative detection of HCV RNA the bDNA technique (Quantiplex HCV RNA 2.0, 

Chiron Diagnostics, Emeryville, California) was applied at the Viral Nucleic Acid 

Laboratory, National Institute of Hematology and Immunology. The method is based on the 

fact that the amount of luminescence emitted is proportional to the viral load, which is 

calculated in comparison with a standard curve established in each run with RNA standards in 

known amounts. The viral load is given in MEQ/ml or converted into IU/ml. 

3.2.4. Genotype detection and phylogenetic analysis of HCV 

For the sequencing of 5'NTR of HCV by Trugene kit the amplified products of RT-PCR 

performed by COBAS AMPLICOR kit (Roche) are required. After amplification and 

denaturation, the amplified products has to be used immediately or frozen down for one week 

for further examination. Before sequencing, the PCR products were neutralized and purified 

by DNA-binding resin system (High Pure PCR Product Purification Kit, Boehringer 

Mannheim, Germany). All samples were sequenced by a bidirectional DNA sequencing 

method (CLIP, Visible Genetics, Toronto, Canada). A set of 4 reactions was prepared 

containing standard dideoxynucleotide termination reagents and two different far-red 

fluorescent dyes linked to the two inward-facing oligonucleotide primers. One of the primers 

was labeled with Cy5.0 and the other with Cy5.5. The PCR was performed in a single run for 

45 cycles generating chain-terminated reaction products from each primer. The automated 

sequencing of the 183-bp fragment was performed in 4 lanes of an ultrathin (50-pm-thick) 

disposable polyacrylamide gel on a MicroGene Clipper sequencer. 
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The unique feature of this method is to provide sequence information for both positive and 

negative DNA strands in a single reaction. 

"GeneObjects" software was used to analyze the chromatograms of each sample: the final 

5' NTR sequence was obtained from the comparison of both complementary strands. This 

information was compared with deposited HCV sequences by "Gene librarian TM" software 

with a minimal concordance cut-off of 98%. 

The sequencing system is also able to detect mixed populations if a single strain 

represents at least 10-15% of the total amount. 

Sequences of the 183-bp HCV 5'NCR (nt 96 to 278) DNA fragments from all samples 

were subjected to phylogenetic analysis, using the PHYLIP software package, version 3.5c 
(50). Distances between pairs of sequences were estimated with the DNA-DIST program. 

Phylogenetic trees were constructed by the unweighted pair group method using arithmetic 

averages on the previous sets of pairwise distance. 

3.2.5. Statistical analysis 

Data were analyzed with the two-sided Fisher's exact test and the Mann-Whitney U test. 

3.3. STUDY DESIGN OF ENTEROVIRUS INFECTION FROM CSF SAMPLES 

A total of 109 CSF specimens were investigated for the comparative study. First, two 

enterovirus strains, coxsackievirus B4 (VR-184) and echovirus 7 (VR-37) from the American 

Type Culture Collection (Rockville, Md.) were used for determination of the detection limit 

of the qualitative molecular assay based on automated RNA extraction and real-time PCR. 

Enterovirus RNA was extracted from tenfold dilutions of viral stocks ranging from 1000 to 

0.01 TCID50 (50% tissue culture infective dose). Experiments were repeated five times on 

different days. 

In the second step, the Third European Union Concerted Action Enterovirus Proficiency 

Panel, which contained different concentrations of coxsackievirus A9, coxsackievirus B5, 

echovirus 6, echovirus 11 and enterovirus 71 was used (Table 4). Samples were blind tested 

by both, the new qualitative molecular assay based on automated RNA extraction and real-

time PCR and the in-house molecular assay. 

In the third step, a total of 109 CSF specimens were investigated in a comparative study. 

Hungarian CSF specimens had been collected from patients admitted to various departments 

of the University of Szeged (Hungary). All patients had signs and laboratory findings of 

meningitis. 
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Table 4. Third European Union Concerted Action Enterovirus Proficiency Panel 
Vial number Virus Dilution" Expected result® 
1 Coxsackievirus A9 10-" negative 
2 Coxsackievirus A9 io-7 positive 
3 Coxsackievirus A9 IO'6 positive 
4 None 

IO"4 
negative 

5 Echovirus 6 IO"4 positive 
6 Echovirus 11 IO"6 positive 
7 Coxsackievirus B5 10"5 positive 
S Enterovirus 71 IO'5 positive 
9 Echovirus 11 IO"3 positive 
10 None negative 
11 Echovirus 11 IO"5 positive 

" Dilution of original stock; TCID50/inl of original virus stock; coxsackievirus A9, 3.6 x 10 ; coxsackievirus B5, 
3.2 x 107; echovirus 6, 2.0 x 108; echovirus 11, 2.5 x 107; enterovirus 71, 5.6 x 10®. 
® Expected results are based upon the results of three reference laboratories using a total of four different 
molecular methods before distribution of the panel. 

3.4. METHODS FOR THE DETECTION OF ENTEROVIRUSES 

3.4.1. Collection of specimens 

All specimens had been obtained prior to the start of therapy. Immediately after lumbar 

puncture, aliquots were prepared and frozen at -70°C. Aliquots were labeled using double 

blind system and sent for investigation with the new molecular assay to the Institute of 

Hygiene, Graz, Austria, and for investigation with the in-house molecular assay to the 

Institute of Medical Virology, Frankfurt am Main, Germany. Each sample was tested twice 

with the new molecular assay. Each positive result was confirmed by a second identical PCR 

run. 

3.4.2. RNA extraction 

For the new molecular assay, enterovirus RNA was extracted with the Total Nucleic Acid 

Isolation Kit (Roche) on the automated MagNA Pure LC instrument. The extraction protocol 

"Total Nucleic Acids Serum, Plasma, Blood" was employed. A specimen volume of 200 pi 

was used. An elution volume of 100 pi, and a dilution volume of 0 pi were chosen. Other 

details, such as reagent volumes and the number of reaction tips needed for the run, were 

automatically calculated by the software. The MagNA Pure LC automatically performed all 

the remaining steps of the procedure with specially designed nuclease-free, disposable 

reaction tips. These reaction tips transfered the samples and also served as reaction vials for 

the procedure. Within the tips, nucleic acids were bound to magnetic beads, washed free of 

impurities, and finally eluted from the magnetic beads into a cooled sample cartridge. 

Reaction tips after use were automatically discarded during the run into an attached, 

autoclavable waste bag. 
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After the completion of DNA extraction, the MagNA Pure LC Cooling Block, which 

included the sample carousel with an adequate number of LC capillaries, and the reaction 

vessel including the master mix were placed into the postelution area. After the start of the 

postelution protocol, which had been programmed prior to the start of the first run, the 

MagNA Pure LC automatically pipetted 16 pi of the master mix and 4 pi of the processed 

sample into each of the LC capillaries. 

For the in-house molecular assay, enterovirus RNA was isolated from 200 pi of CSF with the 

commercially available QIAamp HCV Kit (Qiagen, Hilden, Germany), according to the 

manufacturer's recommendations. 

3.4.3. Primer design 

For the seminested real-time PCR assay, oligonucleotides deduced from the highly 

conserved 5'-nontranslated region of the enterovirus genome were used. The outer primers, 

which were identical to those used for the former AMPLICOR Enterovirus Test, allowed 

amplification of a 149-bp fragment; the final fragment, obtained after completion of the 

second round, had a length of 85 bp. The TaqMan probe (TIB MOLBIOL, Berlin, Germany) 

was labeled with 6FAM at the 5'end and with TAMRA at the 3'end. The primer and probe 

sequences and characteristics are shown in Table 5. 

For the in-house PCR assay, oligonucleotides were derived from the highly conserved 5'-

noncoding region as reported earlier(88'89). The product, obtained after single-round PCR, had 

a length of 287 bp. 

3.4.4. Real-time PCR on LC instrument 

The real-time PCR was performed on the specially designed LC instrument. Evaluation of 

the different assay formats has been described in detail elsewhere (84). First-round LC-PCR 

was performed with the LightCycler RNA Master Hybridization Probes kit (Mn2+ final 

concentration, 5.5 mM; primer final concentration, 0.5 pM each). Sixteen microliters of 

master mix and 4 pi of RNA template were automatically pipetted into each glass capillary by 

the MagNA Pure LC. Sealed capillaries were centrifuged in a microcentrifuge and placed into 

the LC rotor. Reverse transcription was performed for 20 min at 61 °C. After denaturation for 

2 min at 95°C, 60 LC-PCR cycles were run. After this, another denaturation was carried out 

for 5 seconds at 95°C. For the 10-s annealing, a touch-down profile (70° to 62°C; step size, 

0.2°C per cycle) was employed. Elongation was done for 10 s at 72°C. After the first-round 

LC-PCR, capillaries were opened and the reaction mixes were centrifuged into 1.5-ml tubes. 

After this, 980 pi of bidistilled water was added into each tube. For the second round, 2 pi 

aliquots of these dilutions were added to 18 pi of LightCycler Fast Start DNA Master 
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Hybridization Probes kit (Mg final concentration, 4 mM; primer final concentration, 0.5 pM 

each). After denaturation for 10 min at 95°C, 30 LC-PCR cycles were run. Another 

denaturation followed for 5 s at 95°C. For the 10-s annealing, another touch-down profile (65 

to 60°C; step size, 0.2°C per cycle) was employed. An elongation step was finally carried out 

for 10 s at 72°C. 

3.4.5. In-house RT-PCR and detection of amplification products 

Enterovirus RNA was eluted with 50 pi of preheated (95° C) bidistilled and DEPC-treated 

water and 20 pi were taken for reverse transcription and amplification using the Qiagen 

OneStep RT-PCR Kit (Qiagen) according to the manufacturer's instructions (final 

concentration of primers, 0.5 pM each). Reverse transcription (RT) was carried out at 50° C 

for 30 min. After stopping the reaction at 95° C for 15 min, amplification of cDNA was 

carried out in the same tube. Amplification involved 35 cycles on a Perkin-Elmer 9600 

thermocycler. Thirty-five PCR cycles consisting of 30 s at 94° C, 30 s at 50° C, and 30 s at 

72° C were run. After the final cycle, the tubes were incubated for an additional 5 min at 72° 

C. Each amplification run contained three negative controls and one positive control. 

Amplification products were analyzed by gel electrophoresis on a 2% agarose gel. All 

positive results were confirmed by a complete second run. 

Table 5. Oligonucleotides used for the new molecular assay 

Assay step and primer (sequence) or product Positions 
amplified" 

Length 
(nucleotides) 

G+C content 
(%) 

Melting 
temp (°C) 

Initial PCR 
Primers 

Forward (5 '-CCCCTGAATGCGGCTAATCC) 455-474 20 60.0 61.7 
Reverse (5'- 582-603 22 45.5 58.8 

CAATTGTCACCATAAGCAGCCA) 
455-603 149 

Product 

Seminested PCR 
Primers 517-536 20 60.0 60.2 

Forward (5 '-GTAACGGGCAACTCTGCAGC) 582-601 20 45.0 55.2 
Reverse (5 '-ATTGTCACCATAAGCAGCCA) 

517-601 85 
Product 

537-562 26 55.6 69.0 
TaqMan probe (5'-6FAM-
CACGGACACCCAAAGTAGTCGGTTCC-
TAMRA) 

"GenBank accession number: AF231765 (Coxsackievirus B3 strain PD, complete genome). 
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4. Results 

4.1. EXAMINATION OF HEPATITIS C VIRUS 

HCV infection was examined in SouthHungary among blood donors, health-care workers, 

pregnant women, newborns, children and patients with chronic hepatitis C with known case 

history data, ALT and anti-HCV findings, in addition to the qualitative RT-PCR, quantitative 

bDNA and in 20 cases genotype identification based on the 5'NTR nucleotide sequence. For 

19 viruses, phylogenetic analysis was also possible. The results are summarized in Table 6. 

Table 6. HCV infection screening in different population 
Laboratory Number of Number Number Number of Number Number of Number of 

findings blood of health- of neonates of children tested chronic 

donors care pregnant tested born healthy who received hepatitis C 

tested: workers women to HCV children blood or blood patients 

45719 tested: tested: infected tested products before tested: 126 

2051 500 mothers 

tested: 7 

(control 

group): 50 

1992 tested: 

120 

Mean ALT 

values (U/l) 
54 * 45 15 40 79,5 94 

Number of 

confirmed 

anti-HCV-

positive 

45 719/195 

(0.42%) 

2 051/11 

(0.53%) 

500/5 

(1%) 

7-»0** 

(0%) 

50/0 

(0%) 

120/2 

(1.7%) 

126/126 

(100%) 

persons (%) 

RT-PCR in 

anti-HCV- 47/40 11/10 5/3 0 0/0 2/2 126/126 

positive (85%) (90%) (60%) (0%) (0%) (1.7%) (100%) 

persons (%) 

• * not tested 

• ** transient postnatal transplacental anti-HCV positivity 

4.1.1. Blood donors 

Altogether 195 (0.42%) of the 45 719 blood donors were confirmed anti-HCV-positives. 

The female/male ratio was 65/130. All 195 confirmed anti-HCV-positive blood donors and 

390 randomised anti-HCV negative blood donors were interviewed for potential risk factors 

of HCV infection. In 408 patients, one or more risk factors could be identified, whereas in the 

case of 154 persons, no risk factors were found (Table 7). 
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Table 7. Risk factors of anti-HCV-positive and anti-HCV negative blood donors 
Risk factor Confirmed anti-HCV-positive 

(«=195) 

Anti-HCV-negative (n=390) P 

(total) 

Odds 

ratio 

Risk factor 

Ma 

(«=130) 

Fa 

(n=65) 

Total 

(%) 

M 

(«=220) 

F 

(n=170) 

Total 

(%) 

P 

(total) 

Odds 

ratio 

Surgery 61 57 118 

(60.5) 

54 84 138 

(35.4) 

<0.0001 2.798 

Transfusion 50 28 78 (40.0) 41 42 83 (21.3) <0.0001 2.466 

Insertion of earrings 9 64 73 (37.4) 4 150 154 

(39.5) 

0.654* 

Tattooing 39 3 42 (21.5) 18 2 20 (5.1) <0.0001 5.078 

Number of 

pregnancies >3 

0 19 19 (9.7) 0 18 18(4.6) 0.001 3.488 

Acupuncture 4 5 9 (4.6) 4 9 13 (3.3) 0.491 

Health-care worker 3 5 8(4.1) 4 6 10 (2.6) 0.318 

Intravenous drug 

abuse 

2 0 2(1.0) 0 0 0 0.111 

Multiple risk factors 105 64 169 

(86.7)** 

84 153 237 

(60.7) 

<0.0001 4.196 

No risk factors 25 1 26 (13.3) 136 17 153 

(39.2) 
0 Abbreviations: F, female; M, male 

* P< 0.05 in subgroup of females 

** P< 0.0001 compared to patients without risk factors 

The difference was significant by sex (P male: 0.019, OD: 4.017; P female: 0.011, OD: 8.533) 

Comparison of the groups revealed that those who had undergone surgery, transfusion, 

tattooing, the insertion of earrings by sex or more than three pregnancies were significantly 

more at risk of acquiring HCV infection. Although the rate of health-care staff was twice as 

high in the anti-HCV-positive group, the difference was not significant. No significant 

difference could be found in the cases of intravenous drug use or acupuncture. Those who had 

multiple risk factors had more than a four times higher risk of aquiring HCV infection. 

HCV RT-PCR was performed in 47 of the anti-HCV-positive blood donors. In 40 of them 

(85%), serum HCV RNA was detected, while in the remaining 7 blood donors (15%), the 

HCV PCR gave a negative result. Those who were shown to be HCV carriers were sent to the 

Hepatology Care Unit for further follow-up examinations and therapy. 
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4.1.2. Health-care workers 

From 2 051 serum samples screened for the presence of HCV antibody and risk factors in 

the anamnesis, 31 were positive and 5 were borderline-positive These HCV antibody positive 

persons were retested simultaneously with a second HCV ELISA and PCR methods. The 5 

borderline-positive individuals proved to be negative with both of the alternative procedures. 

Only 11 of the 31 originally HCV-positive persons were found to be positive with the second 

ELISA and 10 of them also proved to be virus carriers. The HCV serology was negative with 

the second ELISA in 3 patients, but the PCR indicated a virus carrier state. 

4.1.3. Pregnant women and neonates 

Five persons (1%) from among the pregnant population screened were found to be anti-

HCV-positive and 3 of them (0.6%) were also HCV carriers. The serum ALT level was 

elevated in one person. All in all, 7 babies were examined for perinatal transmission of the 

virus. Two of them had not been included in the screened population. After a transient 

postnatal anti-HCV positivity, none of the children became or remained anti-HCV or HCV 

RNA-positive later during follow-up (time schedule: 1 month after birth: anti-HCV, RT-PCR; 

12 months: anti-HCV, RT-PCR; 24 months: anti-HCV, RT-PCR). 

4.1.4. Children 

Two (1.7%) of 120 children who had received blood transfusions prior to the anti-HCV 

screening, were confirmed to be anti-HCV-positives. Both of them had genotype lb HCV 

RNA. Their serum ALT levels were persistently elevated (mean ALT: 79.5 U/l). The serum 

HCV RNA level of one of them remained below the limit of detection with the bDNA 

technique. The other patient had 0.644 MEQ/ml in the serum. 

4.1.5. Patients with chronic hepatitis C 

Patients found to be HCV-infected were followed up. All of them (126) were positive for 

both anti-HCV and HCV RNA at the beginning of the follow-up. The mean ALT value was 

94 U/l (range: 51 to 265 U/l). 

The median serum HCV RNA load was found to be 7.6 x 105 IU/ml (range: 1.2 x 105 to 

2.7 x 106 RJ/ml). 

With the TruGene HCV 5'NC Genotyping Kit, all of the Hungarian patients were found 

to be infected with genotype 1 (Table 8). The most common subtype was lb (18 patients). 

Subtype la was present in only one patient, and in another one, genotype 1 could not be 

subtyped. The phylogenetic analysis verified the results of subtyping (Table 8). Subtype lb 

was found in 19 patients with high sequence identity (Figure 1). In one patient, subtype lc 

was detected. 
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Table 8. Distribution of HCV genotypes and subtypes in the studied populations 
Genotype Subtype Number of patients 

H - T " H - Pb 

1 20 20 
la 1 0 
lb 18 19 
lc 0 1 

Unidentified 1 0 
2 0 0 
3 0 0 

"Number of Hungarian patients tested with the Trugene HCV 5'NC Genotyping assay 
b Number of Hungarian patients tested with phylogenetic analysis 

Of 72 borderline individuals with HCV reactivity, 65 (91.1%) were RT-PCR negative and 

7 (8.9%) gave positive results. One patient became RT-PCR-positive after a delay. After 

initial RT-PCR positivity one other person gradually lost both HCV RNA and anti-HCV 

positivity. Three (6%) of 50 HCV antibody-negative sera proved to be HCV RNA-positive. 

One patient later seroconverted to HCV (Table 9). 

Table 9. Comparison of HCV antibody test results and HCV RT-PCR results on the same 

serum samples 
HCV RT-PCR 

Positive Negative 

confirmed positive (1.5 S/CO**) 85% 15% 

•u 
(47 samples) (40 samples) (7 samples) 

B borderline reactive (0.8-1.5 S/CO) 8.9% 91.1% 
& ra > (79 samples) (7 samples) (72 samples) 
O 
X negative (0.8 S/CO) 6%* 94% 

(50 samples) (3 samples) (47 samples) 

* rate of RT-PCR-positive results in HCV antibody negative cases 

** S/CO - sample rate/cutoff rate 
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Figure 1. Phylogenetic analysis of 5' NTR gene sequences of HCV genotypes / subtypes in 19 
patients with chronic hepatitis C 
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4.2. EXAMINATION OF HEPATITIS G VIRUS 

Different groups of blood donors and health-care workers without other hepatitis virus 

markers were tested for the presence of HGV antibodies. About a quarter of the control group 

without any other hepatitis virus markers were found to be seroconverted to the E2 antigen of 

HGV (26.3 %). The results summarized in Table 10 indicate that chronic HCV hepatitis and 

the HCV markers (both antibodies or RNA) also representing an increased risk of 

seroconversion to HGV. It should be mentioned that the chronic HCV-infected patients were 

enrolled into IFN therapy following the sample collection. IFN treatment too has been shown 
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to promote seroconversion to HGV virus. The low number of health-care workers with 

hepatitis virus markers tested prevented the calculation of P values. 

Table 10. Anti-HGV in control and risk populations 

Groups n HBsAg Anti-HCV HCV PCR Anti-HGV 

Control group 76 0 0 0 19(26.3%) 

Patients with chronic 
hepatitis C 48 0 48 48 27 (56%) 

Anti-HCV-positive 
health-care workers 8 0 8 6 5 (62.5%) 

HCV PCR positive 
health-care workers 6 0 6 6 3 (50%) 

HBsAg positive health-
care workers 10 10 0 0 3 (30%) 

4.3. EXAMINATION OF ENTEROVIRUSES 

When tenfold dilutions of two enterovirus strains, coxsackievirus B4 and echovirus 7, were 

tested by automated RNA extraction and real-time PCR on the LC instrument, the detection 

limit was found to be 0.1 TCID50 (Fig. 2). With the dilution containing 0.01 TCID50, the new 

molecular assay produced negative results. 
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Figure. 2. LC PCR results on tenfold dilutions of coxsackievirus B4 

When samples from the Third European Union Concerted Action Enterovirus Proficiency 

Panel were tested with automated RNA extraction and real-time PCR on the LC instrument 

and with the in-house assay, both molecular assays gave results identical to those expected on 

the basis of the results obtained by three reference laboratories using a total of four different 

molecular methods before distribution of the panel. For coxsackievirus A9, 1 T C I D 5 0 (vial 3) 

and 0.1 TCID50 (vial 2) could consistently be detected, whereas 0.01 TCID50 (vial 1) was not 

detected at all. Only the samples containing coxsackievirus B5 (100 TCID50; vial 7) and 

echovirus 6 (10 000 TCID50; vial 5) were found positive. For echovirus 11, 10 000 TCID50 

(vial 9), 100 T C I D 5 0 (vial 11), and 10 TCID50 (vial 6) tested positive repeatedly. The only 

sample containing enterovirus 71(10 TCID50; vial 8) was consistently found positive. 

From a total of 109 CSF specimens, 23 (21%) were repeatedly found to be positive by 

automated RNA extraction and real-time PCR on the LC instrument and by the in-house PCR 

assay and 82 proved to be negative by both molecular assays (Fig. 3). 



37 

Figure 3. LC PCR of clinical samples. A. Results after first-round PCR. B. Results after 
seminested PCR 
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Four samples yielded discrepant results: three of them were positive with the in-house 

assay and negative with the real-time assay, and the remaining one was positive with the real-

time PCR assay and negative with the in-house PCR assay (Table 11). Upon repetition, all 

samples yielded the same results. 

Table 11. Discrepant results 

Patient no. Age (yr)/sex" In-house PCR Real-time Enterovirus Final diagnosis 

assay (R)'' PCR (R)'' serologyr 

1 6/M N P(P) ND Aseptic meningitis 

2 6/M P(P) N (N) ND Aseptic meningitis 

3 7/M P(P) N (N) IgG P; IgM N Aseptic meningitis 

4 30/M P(P) N (N) ND Aseptic meningitis 

" F, female; M, male. 

'' R, repeat result; N, negative; P, positive. 
r ND, not done; N, negative; P, positive; IgG, immunoglobulin G; IgM, immunoglobulin M. 

The molecular assay based on automated RNA extraction and real-time PCR on the LC 

instrument proved to be quick and labor-saving. The whole procedure could be finished 

within 4 h. Automated RNA isolation with the MagNA Pure LC for the extraction of 32 

samples could be completed within 105 min. This included a 15-min set-up of the MagNA 

Pure LC. The time required for the postelution protocol was 20 min. After centrifugation, the 

combined cycling and detection procedures took another 115 min, including 15 min for 

centrifugation and pipetting between the two rounds. No contamination was observed during 

the whole study. The in-house PCR assay took about 4 h. One hour was required for DNA 

extraction, 2 h for PCR, and another hour was required for detection by gel electrophoresis. 
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5. Discussion 

5.1. HEPATITIS C VIRUS 

The natural history of HCV infection is not well understood because of the difficulties of 

setting up and maintaining suitable studies. Much of the data on the natural history has come 

from retrospective studies of people with chronic liver disease and is biased towards 

populations who experience the more severe consequences of the disease. The results of 

studies of infectious diseases indicate that the prevalence, outcome and consequences of the 

disease all vary in different continents, in different countries, and even within the same 

country, and the reported data depend on sensitivity and specificityof the diagnostic methods 

applied. 

5.1.1. Blood donors 

The implementation of blood donor screening decreased the transmission of the virus via 

blood transfusion and the risk of post-transfusion hepatitis has declined from 1 in 5 000 to 1 

in 200 000 9. 

In the present study, a relatively low prevalence of confirmed anti-HCV-positive blood 

donors was found in SouthHungary. It is important to bear in mind that adequate information 

on population HCV prevalenceis provided only data obtained from second or third-generation 

serology tests and confirmed by nucleic acid based technologies (NATs). Although 

prevalence of HCV infection in Hungary has been examined several times, the data are 

difficult to compare as different serologic assay confirmation methods and NATs were used in 

different populations (<X)~93). Furthermore, the applied NATs also have to be validated, 

including sample collection and RNA extraction. The use of internal and external controls 

should guarantee the quality of the method and diminish or reduce the possibility of false-

negative and false-positive results. 

In our study, transmission of HCV was found to occur mainly by the nosocomial route. 

Other risk factors such as tattooing or intravenous drug use, however, must also be taken into 

consideration. The prevalence of anti-HCV antibodies among intravenous drug abusers in 

Hungary was recently shown to be 24% (94). 

HCV RNA could be detected in only a small percentage (8.9%) of serum samples of 

borderline-positive cases in comparison with confirmed HCV antibody-positives (85%). 

According to the published data, low-level reactivity (0.8-10 S/CO) is connected false-

positive results <93). The diagnosis of HCV infection should never be based on a positive result 
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in a screening assay alone. HCV diagnosis is hampered by the restriction of antigens used in 

commercially available tests to genotype 1, which is predominantly found in the United 

States; these antigens do not necessarily represent viral genotypes found in other parts of the 

world (%). Patients with indeterminate results and immunesupressed patients should always be 

tested by PCR. Thus, PCR is not only necessary to estimate the infectivity of an infected 

patient, but also often serves as a confirmatory assay. However, low-level viremia is found in 

chronically infected patients; a negative PCR result in a serum sample does not exclude 

ongoing HCV infection, nor does it prove spontaneous recovery from HCV (97). 

5.1.2. Health-care workers 

In our study, health-care workers do not seem to be at greater risk of acquiring HCV 

infection than in other studies (98'99). In the literature, more than 20 different pathogens are 

described as transmissible by syringes and injuries, though HCV is one of the greatest 

problems, as the infected individual has no signs of infection for a long time and in many 

cases (40%) the transmission of the HCV is not known. In our study, the prevalence of HCV 

infection was examined; HIV and HBV detection was performed in parallel with HCV 

screening but is not discussed here. The screening is continuing; the anti-HCV-positives are 

sent to the Hepatology Care Unit. Those infected with HCV, who perform invasive 

procedures are transferred to noninvasive treatment areas of the University. Further the safety 

provisions should be improved in order to prevent the nosocomial spreading of the virus as no 

vaccine is available against HCV. 

5.1.3. Pregnant women and neonates 

Until 1992, the main route of acquisition of HCV was post-transfusion or the application 

of unscreened hematological preparations. Since then, perinatal infection has become the 

dominant route among children. At the beginning of this study in 1996, mother-to-infant 

transmission seemed to be an important route of transmission of the virus (100). Although the 

most important route of HCV infection is perinatal transmission among children nowadays, 

the prevalence is very low among those children who have no risk factors of possible HCV 

infection. There is evidence that the rate of spontaneous viral clearance is high (75%), though 

the follow-up of children at risk of perinatal HCV infection is important(101'l02). Screening 

with the most effective methodologies amongst risk populations may play an important role in 

reducing the number of primary infections in the Hungarian population. 

In the nonselected pregnant population, HCV infection is more frequent than among blood 

donors. The prevalence in our pregnant population corresponded to the West European and 

Japanese data, though screening of pregnants for HCV infection is not recommended, since 
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we have no effective method of preventing the perinatal transmission of the virus at present; 

however newly published data suggest that elective cesarean section can prevent HCV 

perinatal transmisson (12, 40). In further studies on this topic, if the method proves to be 

reproducible, screening of pregnant women should be taken into consideration. 

According to the recommendations EASL International Hepatitis C Consensus 

Conference, pregnancy is not contraindicated in women with HCV and perinatal transmission 

is restricted to infants whose mothers are viremic, but the association between the risk of 

neonatal infection, the maternal specific genotypes and the mode of delivery remains unclear. 

Breast-feeding is not contraindicated, since infection through breast-milk has not been 

observed in none HIV co-infected mothers, though breast-milk may contain viral particles 
(103) 

Multicenter prospective studies are required to determine the natural history of HCV 

infection in perinatally infected children(104). 

5.1.4. Children 

Because of the low prevalence of anti-HCV-positive blood donors in SouthHungary, only 

a very small number of children who had received blood transfusions prior to implementation 

of anti-HCV blood donor screening were found to be infected with HCV. 

After 2-10 years, persistent HCV infection was detected more frequently in children who 

had undergone neonatal transfusion than in the blood donor group. None of the children had 

signs of chronic HCV infection, but in two patients elevated serum ALT, AST and yGT levels 

were observed. Liver biopsy was not performed in these cases. The follow-up of these 

patients in hepatology care units is important because of the selection of patients for antiviral 

therapy and the risk of cirrhosis and HCC. 

Chronic hepatitis seems to be more benign in the first two decades of life than in adults, 

but in cases involving of large inocula or infection with different genotypes, severe hepatic 

lesions may occur (17'105). Antiviral treatment in severe cases should be taken into account, 

but it is not recommended because of the lack of sufficient experience. As IFN treatment 

alone does not seem worthwhile in children as in adults, combination therapy with IFN and 

RB might be more effective when treatment is indicated, even with PEG-IFN(4). 

According to recommendations on the pediatric population, it is not justified to exclude 

children from schools or social activities, though it is recommended that open wounds should 

be covered. In addition, these patients should be vaccinated against HAV and HBV, and 

should avoid contact with hepatotoxic drugs and alcohol. Adolescents should be provided 

with information concerning the possible risk of sexual transmission(104). 
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5.1.5. Patients with chronic hepatitis C 

The natural history of HCV infection depends upon the route of transmission, the acquired 

virus inocula, the genotype, co-infection with HBV or HIV and host factors, such as 

immunestatus, age and gender (l). In newly published studies, the prognosis seem to be more 

benign; one-third of the cases progress into more severe stages, and in 7-10% of these patients 

cirrhosis appears. The constant development of new and more effective antiviral drugs such as 

RB and PEG IFN offer recovery in an increasing number of cases. 

HCV genotyping is useful for the solution of epidemiological questions and the 

development of vaccines against HCV. Furthermore, it has been shown to be beneficial in 

facilitating therapeutic decisions and strategies(l06' 107). 

In this study, the recently marketed TruGene HCV 5'NC Genotyping assay was employed 

has been found to be useful for the routine diagnostic laboratory (50'105'109). Both the results 

obtained with the GeneObjects software and phylogenetic analysis revealed that all the 

Hungarian patients were infected with HCV genotype 1. The collected data correspond to 

those from previous studies, in which genotypes or serotypes were determined(27,35 ' l10 'ni) ' In 

one of those earlier studies, 95% of all patients with genotype 1 were infected with subtype lb 
( m ) . The majority of those patients had received transfusions of blood and/or blood products. 

Phylogenetic analysis of genotype 1 sequences derived from the Hungarian patients revealed 

a high sequence identity among the isolates. 

In comparison, 20 Austrian patients, 15 were found infected with genotype 1 with both 

methods. The remaining patients were infected with either genotype 3 or genotype 2. In a 

recent Austrian study, almost 75% of the patients were infected with HCV genotype 1, 

followed by genotypes 3 (16%), 4 (5%), and 2 (3%) (133). The majority of patients with 

genotype 3 were drug abusers and all of the patients infected with genotype 4 originated from 

Middle East countries. 

Before our work, HCV genotype analysis was carried out by RFLP, serotyping and probe 

specific hybridization in Hungary (27 '35 '11 I n ) . Genotype detection with the Trugene HCV 

5'NC Genotyping assay was found to be suitable in a routine diagnostic laboratory. It is 

mainly automated and can easily be performed by trained medical technicians. Comparison 

with other genotyping methods revealed that the Trugene HCV 5' Genotyping assay is 

practical for routine laboratory use and can detect HCV genotypes safely (50' 108' 109)' 

Classification of subtypes, however, was not possible in all HCV isolates. This might be due 

to the short amplification product within the highly conserved genome region (only one 

nucleotide difference at position 99 for the discrimination of subtypes la and lb). In those 
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cases, phylogenetic analysis may help with the determination of the HCV subtype. The 

discrimination between subtypes la and lb is not important for therapeutic decisions because 

the therapeutic strategies differ only between patients infected with subtype 1 and patients 

infected with non-1 subtypes(112). 

5.2. EXAMINATION OF HEPATITIS G VIRUS 

In Hungary, 26.3% of the healthy control population have already been seroconverted 

from HGV/infected. This correlates with other published Hungarian data. In Hungary, Takács 

et al. investigated the HGV antibody prevalence among healthy persons. In their control 

group, the rate of HGV antibody positivity was similar to that for our conrol group. The 

prevalence seems to be high relative to the international data (I11). Among patients with 

chronic hepatitis C and chronic hepatitis B, HGV antibody could be found at higher rates 

(56%, 50% and 30%). Transfusion or surgery before the implementation of blood donor 

screening could be found in the case histories. HGV infection seems to occur at higher rates 

amongst HCV and HBV-infected patients, but definite evidence linking it to a specific disease 

or illness is lacking(113). 

5.3. EXAMINATION OF ENTEROVIRUSES 

In the present study, a new molecular assay based on automated DNA extraction with the 

MagNA Pure LC and real-time PCR on the LC instrument was evaluated and compared with 

a conventional in-house PCR assay. The detection limit of the new molecular assay was found 

to be similar to that of the in-house assay indicating that the two both extraction methods may 

result in similar amounts of enterovirus RNA. 

In Hungary, the last of the three countrywide epidemics was caused by a "prime " strain of 

echovirus 11 (echovirus 11') in 1989(69' 114"U7). Mass vaccination with monovalent OPV type 

1 stopped the epidemic within one week (86). Enterovirus infection can be health-threatening 

among pregnant women and newborns, although there is no confirmed association with 

congenital abnormalities. In young infants, enteroviral meningitis is often confused with 

illnesses caused by bacteria and herpesvirus, resulting in thousands of children being 

hospitalized and incorrectly treated with antibiotics and anti-herpes drugs. 

In this study, discrepant results may have emerged from amplification failures of 

enterovirus serotypes, contamination problems, and nonspecific amplification products. It 

must be taken into account, however, that enteroviruses are "quasispecies". The international 

panels were prepared in permanent human or monkey tissue culture cell lines, which are able 
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to "homogenize" the quasispecies nature of the viruses. It has recently been proven that even 

the most conservative (5'NTR) regions of enteroviruses might carry significant sequence 

differences (118'119). In the clinical diagnostics of CSF samples, the "quasispecies nature" of 

the virus may prevent amplification due to point mutations. A direct cloning procedure has 

therefore been developed to clone all sequence variants present in a diagnostic sample(119). 

The primer and probe sets most frequently used for the detection of enteroviruses in 

clinical specimens are those reported by Chapman et al. and Rotbart et al. (88 ' ,20 '121 \ For the 

new molecular assay, primers with minor modifications of those first described by Rotbart 

were employed. Primers and probes identical to or with minor modifications to those first 

described by Rotbart were found to be truly panreactive with human enteroviruses (79'122,123). 

These primers only failed to amplify echoviruses 22 and 23, which have been reported to be 

genetically distinct picornaviruses and are rarely isolated from CSF (124_127). Specific PCR 

products were not detected when a variety of non-enterovirus meningitis pathogens were 

tested; however, amplification products were detected from RNA extracts of five rhinovirus 

serotypes (79). Cross-reactivity between rhinoviruses and enteroviruses is produced by the 

sequence homology between these two picornavirus groups. This cross-reactivity, however, is 

of minor importance in the testing of CSF specimens, as there are no published reports of the 

isolation of rhinovirus from CSF specimens. This would have an important impact on the 

testing of nasal or pharyngeal swabs. For the in-house PCR assay, primers with minor 

modifications of those first described by Chapman et al. were employed. These primers have 

also been shown to be panreactive with human enteroviruses and to fail to amplify 

echoviruses 22 and 23 (88). 

It has been demonstrated that the probability of false-positive results because of 

contamination increases in relation to the number of hands-on manipulations involved in the 

sample processing (31' 128). The new molecular assay includes RNA extraction with the 

MagNA Pure LC, a fully automated nucleic acid extraction instrument. This instrument has 

recently been shown to be reliable and did not produce contamination during a study on the 

automated extraction of herpes simplex DNA (129). The remaining weakness in the design of 

the new molecular assay, which could lead to false-positives, may be the pipetting steps 

between the first-round PCR and the second-round PCR. In the future, this step may be 

avoided by a two-round PCR on the LC, using a single closed capillary to exclude the 

possibility of amplification product carry-over(l30). 

The detection formats of the LC technology include the general detection of double 

stranded DNA (SYBR® Green technology), which corresponds to the gel electrophoresis of 
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in-house assays, and the specific detection of the target sequence by using a TaqMan probe or 

hybridization probes (131). Probes prevent false-positive results due to nonspecific 

amplification products and to guarantee specificity of the results. Therefore, probes should 

always be employed for molecular assays in the routine diagnostic laboratory. 

The required time for testing 32 samples was similar with the two molecular assays. If less 

than 8 specimens are extracted, the extraction kit used for the in-house molecular assay will 

be the quicker method. However, it must be taken into consideration that the hands-on time 

for extraction is only 15 min when the MagNA Pure LC is used. As compared with the in-

house assay, a 50% increase in cost was observed with the LC assay. 

In summary, the new molecular assay based on extraction with MagNA Pure LC and real-

time PCR on the LC instrument proved suitable for the routine diagnostic laboratory. As 

compared to a conventional in-house assay, it was found to be less labor-intensive and easy to 

use. Because of the lower number of manipulations, there may be a lower probability of false-

positive results due to contamination. 
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6. Concluding Remarks 

6.1. EXAMINATION OF HCV INFECTION 

The prevalence of chronic HCV is low in Hungary and transmission by blood transfusion 

can almost be ruled out in South Hungary nowadays. The implementation of NAT or the 

newly developed antigen detecting system would reduce the risk of HCV transmission 

through blood or blood products even further. Because of the low prevalence of anti-HCV-

positive blood donors, pregnant women and health-care workers in South Hungary, only a 

very small number of children were infected with HCV; they had received blood transfusion 

prior to the introduction of anti-HCV blood donor screening. The diagnosis of HCV infection 

should never be based on a positive result in a screening assay alone. The results of this study 

reflect the present situation regarding the prevalence of HCV genotypes in South Hungary, 

with genotype 1 the predominant subtype. Comparison with genotyping results in South-east 

Austria, where 15 were found to be infected with genotype 1 and the remaining 5 patients 

were infected with either genotype 3 or genotype 2, reflect the present situation regarding the 

prevalence of HCV genotypes in South Hungary and South-east Austria, with genotype 1 the 

predominant subtype in both regions. This genotype has the worst prognosis and an adverse 

response to antiviral treatment. The largely automated sequencing assay for the determination 

of HCV genotypes proved useful for a high-throughput routine diagnostic laboratory. 

6.2. EXAMINATION OF HGV INFECTION 

The anti-E2 prevalence in high-risk groups, such as chronic HCV-infected patients and 

health-care workers, seems to be high, though definitive evidence linking it to a specific 

disease or illness is lacking. 

6.3. EXAMINATION OF ENTEROVIRUSES 

A qualitative molecular assay based on automated RNA extraction on the MagNA Pure 

LC instument and real-time PCR with LC system was evaluated. The new molecular assay 

allows rapid detection of enteroviruses in CSF. It was found to be labor-saving and displayed 

sufficient sensitivity. 
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