
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Natural history of hepatitis C virus among injecting drug users

Beld, M.G.H.M.

Publication date
1999
Document Version
Final published version

Link to publication

Citation for published version (APA):
Beld, M. G. H. M. (1999). Natural history of hepatitis C virus among injecting drug users.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/natural-history-of-hepatitis-c-virus-among-injecting-drug-users(4deb1565-d6bd-41a2-9f01-c0100d2121b0).html


atural history of hepatitis virus 
among injecting drug users 

^0%. 

*#** *£.•> '" 

r '#- *' 'U ' 
! ; r 

6 

V> » 
/ ("-

'Jbfë 

P* 

* 

< I S 
H3F 

Marcel Beld 



This thesis was sponsored by: 
* Boehringer Ingelheim 

* Perkin Elmer 
* Abbott 

111 
UBA003000068 



N atural history of hepatitis (^ virus 
among injecting drug users 

•e 

ar •#• 

W^ * ̂  » & : ^ ) 

r-.> 

! 

^̂ J 

L^ ) i ft 
t . 

•:\;"*Wfc -̂ ** ,,. #* 

Marcel ßeld 



Cover illustration and design: Annemiek Bunjes & Kees van der Veer 

Printing: Febodruk bv 



Natural history of hepatitis C virus 
among injecting drug users 

Academisch proefschrift 

ter verkrijging van de graad van doctor 
aan de Universiteit van Amsterdam, 

op gezag van de Rector Magnificus Prof. Dr. J.J.M. Franse 
ten overstaan van een door het college voor promoties ingestelde 

commissie in het openbaar te verdedigen in de Aula der Universiteit 
Oude Lutherse Kerk, ingang Singel 411, hoek Spui, 

op woensdag 7 april 1999 te 12.00 uur 

door 

Marcellinus Gualbertus Hubertus Maria Beid 

geboren te Hengelo 



Promotor Prof Dr. J. Goudsmit 

Beoordelingscommissie Prof. Dr. R A. Coutinho 
Prof. Dr. J. M. A. Lange 
Prof. Dr. F. Miedema 
Prof. Dr. A. D. M. E. Osterhaus 
Dr. R A. F. M. Chamuleau 

This research described in this thesis was conducted in the Department of Human 
Retrovirology (head Prof. Dr. Goudsmit) of the University of Amsterdam, Academic Medical 
Centre. The work was supported by The Health Research and Development Council (28-2370) 
and was performed as part of the Amsterdam Cohort Studies on HTV and ADDS. 



You must not fool yourself and you are the easiest person for you to fool. 

Richard Feynman. 

Absence of evidence is not the same as evidence of absence. 

Carl Sagan. 
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General introduction 

1. History 
Hepatitis is an inflammatory disease of the liver that can be caused by metabolic disorders, 
alcohol abuse, or hepatotropic viruses actively replicating in the liver. Hepatitis and jaundice 
have been recognized for centuries, and the clinical features were probably first described by 
Hippocrates (460-375 BC) as epidemic jaundice '. However, it was not until the early 1970s 
that serological tests for hepatitis A virus (HAV) and hepatitis B virus (HBV) became avail
able. By now, at least six hepatitis viruses, designated A-B-C-D-E-G, have been identified. 

HAV was identified in 1973 in the stools of infected patients 2. The infection is spread by 
fecal contamination of food or drinking water and has a sudden onset after a short incubation 
period. The agent is a small (27 nm) non-enveloped virus that contains a single-stranded RNA 
genome of approximately 7500 nucleotides (nt) and belongs to the Kcomaviridae. The viral 
RNA encodes a single large polyprotein from which structural and non-structural proteins are 
cleaved 3. Like most viral infections, HAV infection is characterized by a prodomal flu-like 
illness followed by mild gastrointestinal symptoms like nausea, diarrhea, and jaundice. The 
severity of clinical illness is age-dependent, and infections among infants are usually asymp
tomatic 4. The prevalence of HAV is highest in areas of substandard hygiene and varies consid
erably among individuals according to socioeconomic level and sexual preference 5'6. 

HBV was recognized in 1968 as the so-called Australia antigen 7 and is efficiently transmit
ted by parenteral and sexual exposure. Within a decade following the discovery of Australia 
antigen, which was ultimately shown to be the surface antigen of HBV, the virus was fully 
characterized. It contains a circular, partially double-stranded DNA genome of approximately 
3200 nt, replicates through an RNA intermediate, and is classified as a Hepadnavirus 8. HBV 
infection can result in a broad spectrum of outcomes, from recovery to chronic hepatitis and 
hepatocellular carcinoma. The virus causes clinical illness in 30-50% of all infected individuals 
over the age of 5 years, but a chronic infection develops in only 2-10% of cases9. 

Serological tests for infection with HAV and HBV were developed in 1974, but it was 
found that most cases of transfusion-associated-hepatitis were not caused by either HAV or 
HBV infections 10"12 and were therefore named non-A, non-B hepatitis (NANBH). In the late 
1970s and early 1980s, studies of chimpanzee models led to a number of important findings 
related to NANBH 10132°. Numerous attempts were made to characterize and clone its viral 
agent, but they failed due to the lack of a tissue-culture system, any sequence information, or a 
serological assay. Cloning of the genome was finally achieved using a cDNA expression library 
derived from a pool of plasma from chimpanzees experimentally infected with NANBH 21. 
After the detection of the first NANBH specific clone (5-1-1), the entire viral genome of the 
agent -now termed hepatitis C virus (HCV)- was sequenced, and its structural and functional 
organization was defined 22. Although HCV was first recognized to be commonly associated 
with blood transfusion, it is now known to be an important cause of community-acquired viral 
hepatitis. The highest rates of infection (60-90%) are found among persons with repeated 
direct percutaneous exposures, such as hemophilia patients and injecting drug users. HCV 
consists of a single-stranded, positive-sense RNA genome containing approximately 9000 nt 
with one single open reading frame 22'23. This large open reading frame encodes one 
polyprotein of 3000 aminoacids (aa), which is cleaved during and after translation into struc
tural and nonstructural proteins. 

Hepatitis delta virus (HDV) was discovered in 1977 and was initially described as a new 
antigen detectable in patients with HBV-associated chronic liver disease 24. Studies in chimpan
zees established that HDV was transmissible but dependent on the presence of active HBV 
infection for its replication 25. The HDV is an enveloped particle of 35 to 38 nm containing a 
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small circular single-stranded RNA genome of approximately 1700 nt with an outer coat of the 
hepatitis B surface antigen (HbsAg)26. Surveys measuring HDV prevalence in various popula
tions with acute or chronic HBV infection provide the most important information on its 
epidemiology. The clinical features of acute and chronic HDV infection are similar to those of 
other types of hepatitis. In general, HDV augments the severity of acute and chronic HBV 
infections, and HDV coinfection has been found to be five times higher than single HBV 
infections among patients with fulminant cases of HbsAg-positive hepatitis27. 

Hepatitis E virus (HEV) infections resemble HAV infections, and transmission occurs via 
the fecal-oral route, generally leading to an acute, self-limited and icteric disease. HEV appears 
to be endemic among children and young adults in India, central Asia, China, Africa, and some 
parts of the former Soviet Union; its transmission is associated with ingestion of fecally con
taminated drinking water 28. HEV was cloned and sequenced in 1990 and is a virus of 32 to 34 
nm containing a 7300 nt positive-stranded RNA genome with three open reading frames 29. It 
is provisionally classified under the family of Calcrviridae 30,31. 

Approximately 5% to 20% of cases of hepatitis are not explained by the five known hepati
tis viruses and are assumed to be caused by non-A-E agents32,33. The currently named hepatitis 
G virus (HGV) was isolated and identified from the plasma of a patient with chronic hepatitis, 
who was coinfected with HCV. HGV appeared to have a high homology of 95% at the amino 
acid level with HCV, suggesting that the two viruses are closely related 34. Blood-borne 
transmission of HGV appeared to be the most common route of transmission 34. Although the 
prevalence of HGV was associated with acute and chronic hepatitis and found to be higher 
than its prevalence in healthy blood donors, histopathologic abnormalities and severe hepatitis 
were not found 3536. The features of the different known hepatitis viruses are summarized in 
Table 1. 
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Table 1. Etiologic agents of viral hepatitis and their characteristics. 

Virus Classification Genome Outcome of 
infection 

Mode of 
transmission 

HAV Picornavirus single-stranded 
positive-sense 
RNA (7.5 kb) 

Acute 
Resolved 

Fecal-oral 

HBV Hepadnavirus partially double- Acute Parenteral 
stranded circular Chronic Sexual 

DNA (3.2 kb) 

HCV Flavivirus single-stranded Acute Parenteral 
positive-sense Chronic Sexual 
RNA (9.0 kb) 

HDV Satellite virus . single-stranded 
circular RNA 

(1.7 kb) 

Acute 
Chronic 

Parenteral 

HEV Calicivirus single-stranded 
positive-sense 
RNA (7.3 kb) 

Acute 
Resolved 

Fecal-oral 

HGV Flavivirus single-stranded Acute Parenteral 
positive-sense Chronic Sexual 
RNA (9.0 kb) 

2. The structural and functional organization of HCV 
As noted above, HCV contains a single-stranded, positive-sense RNA genome of approxi
mately 9000 nt, with a single large open reading frame that encodes a single polyprotein of 
3000 aminoacids (aa) 22'23. This is processed into structural and nonstructural proteins by 
cellular proteases and a virally encoded serine protease located in the N-terminal domain of the 
nonstructural protein NS3. 

The genome contains a short untranslated region (UTR) at each end. Structural proteins are 
processed from the N-terminal region of the polyprotein and form the viral particle. The N-
terminal region encodes for the nucleocapsid protein (core) and two envelope glycoproteins 
(El and E2). These three structural proteins are processed from the polyprotein at least in part 
through the action of host's signal peptidase, which cleaves after signal sequences within the 
polyprotein 37,38. The non-structural proteins (NS2, NS3, NS4, and NS5) are involved in 
maturation and replication of the virus. These structural and non-structural proteins show great 
similarities with polyproteins encoded by pestiviruses and to a somewhat lesser extent by the 
flaviviruses 22,39. Moreover, the hydrophobicity profile of the HCV polyprotein is similar to that 
of the pestiviruses and flaviviruses 22. Taken together, these findings indicate that HCV is a 
small, enveloped virus that belongs to the family of Flaviviridae 39. Figure 1 illustrates the 
putative functional organization of the HCV genome. 
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Open reading frame (± 3000 bp) 

192 384 810 1027 1685 1973 3011 

5'UTR 

341 nt 
E1 E2/NS1 NS2 NS3 

Core 
protein 

Envelope 
proteins 

RNA 
helicase 

Serine 
protease 

Metalloprotease 

NS4 NS5 
3'UTR 

250 nt 

RNA-dependent 
RNA polymerase 

Figure 1. The genomic organization of hepatitis C virus. The 5' and 3' untranslated regions flanking a 
single open reading frame are shown. Structural proteins (core and envelope) as well as nonstructural 
proteins (NS2, NS3, NS4, and NS5) and predicted functions are shown. 

2.1. The 5' untranslated region 
The 5' UTR extends upstream of the presumed start-codon of the polyprotein. Consisting of up 
to 341 nt, it is highly conserved among different HCV genotypes and is often used as the target 
in HCV genotyping 40'44. The strong conservation of this sequence suggests that it is involved 
in some aspects of viral replication. Initiation of translation may be such an involvement, 
because the sequence contains complex secondary structures including multiple stem-loop 
structures like those found in the leaders of picornaviruses, in which ribosomes are known to 
initiate translation internally 45. The HCV leader comprises three large stem-loop structures in 
which a pyrimidine-rich region resembles the structure in picomaviral genomes that are trans
lated by a mechanism allowing ribosomes to bind internally on the genome and initiate transla
tion at specific AUG codons, the so-called internal ribosome entry sites46. 

2.2. Th e core protein 
The core protein forms the N-terminus of the HCV polyprotein and is the most conserved 
among the three structural proteins of different HCV strains 44. The core protein is highly basic 
and probably interacts with the encapsidation process of the genomic RNA. It is released from 
the viral polyprotein by nascent proteolytic cleavage at aa 191 by host proteases 37,38 and may 
suppress the transcription of several host genes as well as interfere with the expression of 
coinfecting genomes of HB V 47 and HTV 48. The core protein contains a DNA-binding motif 
(SPRG), triplicate nuclear localization signals, and several kinase recognition sites all of which 
are characteristics of gene-regulatory proteins. HBV markers are suppressed by superinfection 
with HCV, and this inhibitory effect may occur in the process of transcription and 
encapsidation of pregenomic HBV RNA 47. Repression of HTV occurs through an HCV core 
protein response to a region between nucleotides -65 and +3 within the LTR of HTV . 
Moreover, core is able to suppress apoptotic cell death in artificial systems 49, and its interac
tion with the lymphotoxin-ß receptor 50, which plays a role in signalling apoptotic cell death, 
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suggests that core may influence viral persistence and disease pathogenisis. 
Finally, several highly conserved immunoreactive epitopes are present in core and different 

recombinant core proteins and linear synthetic peptides are used for the detection of HCV 
antibodies S1"53. Some of these immunodominant epitopes exhibit antigenic variation and can be 
used to distinguish serotype-specific antibodies and differentiate among various different HCV 
infections 52 '5°5. 

2.3. The Envelope proteins El and E2 
El (192 aa) and E2 (430 aa) are glycoproteins and are highly divergent among different HCV 
isolates 43. E2 represents the most variable region of the HCV genome 56 and the variation is 
assumed to be caused by random mutation and selection of mutants capable of escaping from 
neutralizing antibodies produced by the host. In particular, a region of approximately 30 aa, 
located at the N-terminus of E2 at aa positions 385-414, shows extensive genetic heterogene
ity 56", called the hypervariable region (HVR1). HVR1 may be important in neutralization and 
immune selection because of its extreme variability caused by random mutation and selection 
of mutants that escape neutralizing antibodies, leading to chronic HCV infections 58"62. A 
second hypervariable region (HVR2) is smaller and comprises aa positions 474-480 57. 

The E2 protein binds with high affinity to human lymphoma and hepatocarcinoma cell lines, 
and furthermore, in chimpanzees vaccinated with recombinant envelope proteins, protection 
from homologous HCV challenge was observed and correlated with the presence of antibodies 
capable of inhibiting the binding of E2 to human cells 63. The recent discovery of the interac
tion of E2 with human CD81, a human cell surface protein expressed on various cell types 
including hepatocytes and B lymphocytes, may help to elucidate HCV pathogenisis 64. The 
sequence heterogeneity in particular regions of the envelope may have major implications for 
protective immune responses and for vaccine strategies, whereas the identification of interac
tion between CD81 and HCV may assists the development of new therapeutic strategies that 
interfere with virus binding. 

2.4. The NS2 andNS3proteins 
The putative nonstructural (NS) proteins of HCV appear to be processed from the polyprotein 
through the action of two virally encoded proteases. The first protease, which is derived from a 
region spanning NS2 and the N-terminus of NS3 (aa 827-1207), can be stimulated by zinc 
(Zn2+) ions and appears to be a metalloprotease involved in cleavage at the NS2/NS3 junction 
65'66. Remaining NS proteins are processed by the second protease, which is encoded within the 
NS3 region. This second protein is a trypsin-like serine protease with an active domain that 
overlaps the metalloprotease with distinct cleavage sites6567"69. 

Besides the proteolytic enzyme activity of NS3, it comprises other motifs such as NTPase 
and RNA helicase activities, involved in unwinding of the double-stranded replicative interme
diate necessary for replication 70,71. The NS3 region is one of the most intensively studied 
regions of the HCV genome because of its potential for protease-inhibitors and is used in 
several antibody detection assays. 

2.5. The NS4 protein 
The NS4 region comprises two proteins, namely NS4a and NS4b, which are released from the 
polyprotein by the protease activity of NS3. Although the function of NS4 is still unknown, a 
recently found putative tat-binding motif may be involved in the binding of the HTV tat-gene 
and the modulating of HCV replication 72. Containing several irrnnunodominant epitopes, NS4 
is used in most antibody detection assays. 
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2.6. Th e NS S region 
The NS5 region of the polyprotein is composed of two major proteins, NS5a and NS5b, which 
are released by the action of the NS3 protease in conjunction with NS4a. The functional role of 
NS5a is currently unclear but is probably involved in the replication cycle. NS5b contains an 
amino acid sequence motif (Gly-Asp-Asp), which is known to be highly conserved among 
RNA-dependent RNA polymerases, and thus it is likely that NS5b is the viral polymerase 22,73. 
NS5 contains several immunodominant epitopes and is used in several third-generation anti
body assays. 

2.7. The 3' untranslated region 
The 3' UTR is variable in length, spanning 170 to 250 nt. Its 3'-terminal sequence of 98 nt is 
well conserved and probably involved in genomic replication at the level of priming minus-
strand RNA synthesis74,75. 

3. Prevalence 

3.1. General population 
HCV infection has been found worldwide, and recent studies throughout the world have 
defined the prevalence of antibodies to HCV in the general population 76,77. The estimated 
prevalence of antibodies to HCV in the general population of the Western world is 1-2%. 
Blood donors, a population highly screened for viral infections, probably shares basic charac
teristics with the general population but may not reflect the prevalence of antibody-status of 
the general population 78. The risk of acquiring antibodies to HCV by blood transfusions was 
calculated as 1/100.000 transfusions 79. Despite the best precautions this remaining low risk is 
believed to be caused by the window phase of the primary HCV infection, in which the immune 
system is not able to mount enough antibodies to be detected by antibody assays. Currently, 
the prevalence of HCV among blood donors is measured by detecting antibodies to HCV, but 
after July 1999, RT-PCR will be used in the Western world for the direct identification of HCV 
infection. 

The prevalence of antibodies to HCV differs among populations of blood donors world
wide. Relative low rates of antibodies to HCV (0.2-1.0%) have been found in parts of Europe, 
North America, Australia, South Africa and parts of Asia. Higher prevalences (1.0-5.0%) have 
been found in Japan, the former Soviet Union, Brazil, Ethiopia and Saudi Arabia. The highest 
prevalences have been reported in Egypt, where up to 15% of the blood donors were found to 
be positive for antibodies to HCV. 

3.2. Risk groups 
Direct percutaneous exposures, such as transfusion of blood or blood products, transplantation 
of HCV-infected organs or tissues, and the sharing of contaminated needles or syringes, have 
been associated with the most efficient transmission of HCV. Therefore, high prevalences of 
HCV antibodies are found among groups such as hemophiliacs 80'82, patients on hemodialysis 
83, transplant recipients 84,85, and injecting drug users 86'87. Chronic HCV infection is common in 
all of these groups, ranging from 50% in the first three groups to nearly 100% in injecting drug 
users. 

4. Genetic heterogeneity: genotypes and quasispecies 
HCV is an RNA virus that replicates by means of an RNA polymerase that lacks proof-reading 
activity and generates sequence variation comparable to influenza virus and human 
immunodeficiency virus. The genomic heterogeneity of HCV occurs on two different levels. 
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The widest variation is observed among HCV isolates of distinct genotypes due to the accumu
lation of mutations during long-term evolution of the virus and separation of the genotypes w. 
In general, isolates of the same genotype or subtypes differ in sequence by 5-10%, whereas 
isolates of different genotypes differ by up to 35% 43. The narrowest variation is observed 
among the isolates of a single strain -the so-called quasispecies- in a single host. Within an 
infected individual, the HCV genomes exist as a quasispecies, usually representing one domi
nant species and many minor ones. These quasispecies which result from random mutation and 
selection by immune-pressure during the course of infection, differ from each other by 1-2% 42. 

HCV genotypes are labeled by arabic numbers (1, 2, 3, etc.), and the related subtypes are 
named with lower case letters (a, b, c, etc.) 89. Six major HCV genotypes (1-6) have been 
identified along with 12 subtypes, by sequence analysis of the El gene (576 nt) and the core 
gene (573 nt)90'91. The same six major genotypes were found analyzing sequences of the NS5b 
gene, but only 11 subtypes 92. Figure 2 illustrates a phylogenic tree of the 6 major genotypes 
based on the analysis of a 160 base pairs sequence spanning nt -245 till -75 in the 5' UTR taken 
from a substantial number of published HCV isolates40-91'93-94 and our own created sequences. 

The level of sequence diversity may have great implications in terms of disease progression 
and treatment worldwide 95'96. The worldwide distribution of HCV genotypes shows distinct 
geographic differences. Whereas la, lb, 2a, 2b and 3a are predominant in Western Europe and 
in the USA and lb, 2a, and 2b are predominant in Japan and Taiwan, HCVgenotype 4 is most 
prevalent in the Middle East and Africa, genotype 5 in South Africa, and genotype 6 in Hong 
Kong 89'93-96. The six HCV genotypes have been associated with the finding of different histo
logic abnormalities in cases of chronic hepatitis95"97, and different responses to interferon (IFN) 
therapy 98,99. Patients infected with genotype 1, in particular lb, respond poorly to treatment 
compared with patients infected with other genotypes. In several studies, a sustained response 
was achieved in only 97 (18.1%) of 536 patients infected with genotype 1, compared with 158 
(54.9%) of 288 patients with other genotypes 10°. Of importance, in many of these studies, 
response was not defined as viral clearance but as normalization of liver functions. In chroni
cally infected individuals, the viral load, genotype, and elevated serum alanine 
aminotransferases (ALT) levels may have clinical relevance 101~103. 

91 r consensus 2a 
100 

78 

43 

consensus 2b 

consensus 2c 

consensus 6 

c consensus 1a 

59 

92 ' consensus 1b 

consensus 5 

consensus 4 

99 

consensus 3a 

consensus 3b 

Scale: each - is approximately equal to the distance of 0.001036 

Figure 2. Phylogenetic tree showing 6 distinct genotypes based on a 160 base pairs sequence of the 5' 
UTR region. 
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5. Clinical profile of HCV infection 
In the acute phase of HCV infection, the clinical symptoms are indistinguishable from HAV 
and HBV infection. HCV infection progresses with an indolent course and remains benign in 
the first few years 80, but more than half of HCV-infected individuals eventually develop 
chronic HCV infection. Chronic HCV infection is often silent, and clinical symptoms are absent 
or minimal unless the disease is severe or cirrhosis is diagnosed. The clinical manifestations of 
HCV infection are diverse and the clinical course is difficult to predict. Histologically, the 
chronic disease is commonly associated with liver necrosis, scarring, fibrosis, and cirrhosis. A 
further important sequela of HCV infection is the gradual progression to hepatocellular carci
noma in some patients32-104-106. 

The natural history of HCV is poorly understood, especially the degree to which 
hepatocellular damage is mediated by the immune system or by the direct pathogenicity of 
HCV. 

6. Host immune response 
Like all viral infections, the host immune response to HCV comprises both humoral and 
cellular components. Antibodies to different HCV proteins develop during infection, and the 
cellular immune response is also activated in these patients, with the presence of CD4+ and 
CD8+ cells responding to various processed antigens. 

6.1. Humoral immune response 
Viral proteins trigger the B-cells to produce antibodies to both structural and non-structural 
proteins of HCV. The presence of antibodies to HCV is detected by immuno-assays and is 
closely related with infectrvity, especially in blood donors 107'109, haemodialysis patients uo, 
haemophiliacs l u , and patients with chronic HCV "2113. However, at least 20% of patients 
with HCV may not develop antibodies to HCV for weeks to months after the onset of infection 
and clinical illness. An additional 10% remain antibody negative, and infection in these individ
uals can be diagnosed only by detection of HCV RNA32. The order of appearance of antibod
ies to HCV is erratic but the reactivity in tested population is core > NS3 > NS4 > NS5. 
Importantly, despite most patients develop antibodies to HCV, antibodies do not indicate 
protection from new HCV infection. Both humans and chimpanzees can be reinfected, even 
with the same strain, with or without clearance from blood of the original infection u4118. 

Most patients eventually mount a detectable antibody response to HCV infection, but 
immunosuppressed patients may represent an exception to this general rule. In studies of 
transplant patients, up to 50% fail to generate a humoral response84, and individuals coinfected 
with HCV and HTV show impaired HCV antibody responses and increased seroreversions. 
This is not the case with other viral pathogens, such as herpes simplex virus (HSV), varicella-
zoster virus (VZV), and cytomegalovirus (CMV), among immunosuppressed patients 119. This 
finding suggests that, compared to those viruses, HCV is less immunogenic in activating the 
humoral response. 

6.2. Cellular immune response 
The cellular immune defence is highly dependent on CD4+ T-cell responses, which can expand 
antibody production by B cells and prime CD8+ cytotoxic T-lymphocytes specific to virus-
infected cells 120"122. Short, processed antigenic peptides presented on the cell surface are 
recognized by both classes of T cells. These peptides are generally presented to CD4+ T-cells 
by major histocompatibility complex class H molecules found on specialized antigen-presenting 
cells, or to CD8+ T-cells by class I molecules, expressed on virtually all cells. Two different 
types of T-lymphocytes exist: cytotoxic and helper. CD4+ cytokine responses are coordinated 
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by CD4+ T helper (Th) cell responses Thl and Th2. Th cells independently recognize patho
gens and secrete cytokines that stimulate growth and responsiveness of B cells, T cells and 
macrophages. Thl cells secrete interleukin 2 (IL-2) and interferon-y, which are needed for 
generation of cytotoxic T-lymphocytes and activation of natural killer cells. Th2 cells secrete 
IL-4 and EL-10 required for antibody production. However, the mechanism by which CD4+ 
and CD8+ T-cells directly or indirectly control HCV remains to be elucidated. 

7. HCV RNA levels 

7.1. Profiles among patients not receiving antiviral-therapy 
The illness has a complex course, with RNA levels that are often transient,23126. HCV RNA is 
usually detectable within weeks after infection and followed by a peak of ALT and usually not 
found simultaneously at the same time-point in some acute cases 123. Typically, the chronic 
phase of infection is marked by lower RNA levels than the acute phase 101. Viral persistence, 
reflected by detectable HCV RNA and antibodies to HCV, is found in the vast majority (>80% 
of patients) generally with associated fluctuating ALT levels but sometimes without ALT 
elevations. Thus, chronic HCV infection is more frequent than indicated by ALT elevation 
alone. HCV RNA quantification is a direct measurement of viral replication in blood and has 
significant clinical implications and is superior to detection of ALT elevations 127 but the 
relation to liver disease is still unclear. A burst of viral replication may be directly responsible 
for liver damage, either by direct pathogenicity or indirectly mediated by the immune system, 
by immune complex formation, or by cytotoxic T-lymphocyte responses. In some cases, HCV 
RNA load is directly related to increased hepatocellular damage 12312813°, as characterized 
histologically by hepatitic fibrosis and architectural distortion, but it is unclear whether viral 
and biochemical markers can define the risk of developing hepatocellular carcinoma. 

Among high risk groups such as injecting drug users, coinfection with HCV and HTV occur 
due the parenteral route of transmission 8082-86'87l:)1. Several reports have suggested that HCV 
replication is enhanced by HTV infection, either by HTV-induced immunosuppression or by 
HTV-HCV interaction I31136. Whether liver disease is more severe due to HTV-coinfection is 
still under debate, but there is agreement that HTV-coinfected patients progress more rapidly to 
liver disease 137. 

7.2. Profiles among patients with antiviral-therapy of HCV infection 
In studies relating viral load with response to therapy indicate that patients with low HCV 
RNA levels respond to interferon in a sustained manner 10U38. Response to interferon is denned 
as normalization of ALT within 6 months, but the biochemical response does not always reflect 
the HCV RNA profile during treatment12?. Good sustained response is seen in 10% to 15% of 
patients 139,14° and seems to be dependent on genotype 141 and the emerge of quasispecies 142-143, 
and is transient in the majority of patients. 

In a recent study, it was found that high EFN doses of 10 and 15 mlU daily had better 
antiviral efficacy, was inversely correlated with viral load and was positively correlated with 
cell death rate and ALT levels 144. The same study also showed that HCV infection is highly 
dynamic, which may have implications for the development of viral resistant quasispecies. 
Early monitoring of viral load and treatment with high doses of interferon may increase initial 
therapy efficacy. 

In another study, 43% of patients were found to be sustained responders after treatment for 
48 weeks with 3 mega units (MU) interferon three times a week plus 1000-1200 mg ribavirin 
per day. The rate was 31% to 38% when combination therapy was used as the initial treatment 
and 49% when it was used for the treatment of relapse. Five independent factors were signifi-
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cantly associated with this good response: infection with genotype 2 or 3, viral load of less 
than 2 million copies/ml, patient age 40 years or less, minimal fibroses, and female sex 145. As 
has been seen in the search for therapy for HTV infection, more studies are needed to develop 
the most effective combination therapies for HCV. 
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Abstract 
Screening of antibodies to hepatitis C virus (HCV) is widely used for monitoring the 
prevalence of HCV infections and to assess HCV infectivity. Among HCV-infected indi
viduals in the general population, the interval between the detection of HCV RNA and the 
development of HCV antibodies is usually 5 to 6 weeks but in rare cases seroconversion 
may be prolonged up to 6-9 months. In this study, we looked for the presence of HCV 
RNA during the seronegative window-phase of 19 drug-injecting HCV seroconverters to 
gain insight into the antibody-negative carrier status in this population. HCV 
seroconversion status was determined by testing the first and last serum samples obtained 
from each subject, using third-generation antibody screening and confirmation assays. 
Serial samples were tested to establish a seroconversion point and to detect antibodies to 
HCV, and HCV RNA by single reverse transcriptase polymerase chain reaction (RT-PCR) 
and branched DNA assay (bDNA) in serum. Plasma and peripheral blood mononuclear 
cells (PBMC) were independently collected and tested for HCV RNA. HCV RNA-
positivity was confirmed by Southern blot hybridization and sequencing of serial samples. 
The 19 HCV seroconverters had a mean follow-up of 5 years (range, 1 to 8 years). Of the 
19, 4 were HIV-infected before HCV seroconversion. HCV RNA was detected in serum 
before seroconversion in 12 (63.2%) of the 19 HCV seroconverters, independent of HIV 
status. In 7 of these 12, the window-phase was relatively short (2-10 months). The other 5, 
who were all HIV-negative before HCV seroconversion, had intermittent low levels of 
HCV RNA before seroconversion for a period of more than 12 months, with a mean of 
40.8 months (range 13-94). In all 5 individuals, independent repeats of the experiments 
confirmed the presence of HCV RNA in serum, and in 3 of these individuals, HCV-
positivity was confirmed in independently collected plasma and PBMC samples. Low levels 
of HCV RNA can be observed during prolonged seronegative window phases in a signifi
cant number of injecting drug users. Independent of HIV status, their immune-system 
appears to be unable to respond to these low HCV RNA levels and, in some cases it was 
activated only after reinfections with distinct HCV genotypes. These results indicate that 
HCV infection may not always elicit the rapid emergence of HCV antibodies and suggests 
that persistent low levels of HCV RNA may lead to delayed or absent antibody responses. 
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Introduction 
Hepatitis C virus (HCV), an RNA virus with marked genetic heterogeneity, is the etiologi
cal agent of most cases of post-transfusion and community-acquired non-A and non-B 
hepatitis '. This blood-borne virus is widespread among injecting drug users (IDUs)2A, and 
HCV infections may cause a benign, asymptomatic disorder with an indolent course 5 but 
can eventually cause progressive liver disease, cirrhosis, and liver cancer ^8. The illness 
has a complex course, with RNA levels that are often transient9~12. 

Antibodies to HCV are detected by immuno-assays, and their presence is closely 
related with infectivity, especially in blood donors 1315, haemodialysis patients 16, haemo
philiacs 17, and patients with chronic HCV 1819. Current immuno-assays detect most indi
viduals with HCV infections, and HCV RNA has been detected during short antibody-
undetectable periods (the window-phase from infection to the development of antibodies to 
HCV) in persons infected by blood transfusions20'21 or surgical procedures 22 and in experi
mentally infected primates23-24. However, up to half of immunosuppressed patients, such as 
organ transplant patients fail to generate antibodies to HCV 25, and IDUs also have a high 
proportion of delayed antibody responses 2. In two other studies, HCV RNA was signifi
cantly more detectable in whole blood than in plasma samples among antibody-negative 
individuals, indicating that a proportion of HCV RNA in peripheral blood might be missed 
26,27. Unexpected clinical profiles, with HCV RNA present for a period of 5 years without 
antibodies to HCV, were observed in experimentally inoculated chimpanzees 28. Spontane
ous loss of antibodies to HCV, or seroreversion, among immunocompetent individuals has 
recently been described 29, and we have observed a complete loss of antibodies to HCV, in 
individuals with and without reinfection and seroreversion (Beld et al., Hepatology, in 
press). Therefore, the present study was performed to identify and confirm the presence 
of HCV RNA in serum and other blood compartments before the point of seroconversion 
in the high-risk group of injecting drug users. 

Patients and methods 

Patients and sample collection 
The study population consists of injecting drug users (IDUs) participating in the Amster
dam Cohort Studies on HIV and AIDS among IDUs. From a cohort started in December 
1985 30, we selected drug users in March 1996 who were followed for at least 3 years and 
had at least 7 visits (n=358). Their HCV seroconversion status was established by screen
ing the first and the last serum samples for HCV antibodies, and serial samples of the 
seroconverters were then tested to establish the approximate seroconversion point. The date 
of HCV seroconversion was determined by calculating the midpoint between the last 
seronegative and first seropositive sample. Nineteen HCV seroconverters, of which 1 
reseroconverted, were identified and studied longitudinally for the presence of HCV RNA. 
Serum samples were initially used to determine the presence of HCV RNA before 
seroconversion. Finding of HCV RNA-positive samples before HCV seroconversion were 
confirmed by detecting HCV RNA in serum and PBMC or plasma sampled at the same 
time-point. In addition, the bDNA assay was done on the same serial serum samples before 
and after HCV seroconversion. 

Serum and EDTA-blood samples of the 19 HCV seroconverters were drawn at differ
ent Municipal Health stations in Amsterdam. For final handling and storage, all serum 
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samples were sent to the Academic Medical Centre, whereas all EDTA-blood samples were 
sent to the Central Laboratory of The Netherlands Red Cross Blood Transfusion Service. 
Serum samples were stored initially at +4°C, centrifuged, aliquoted, then frozen at -20°C 
within 24 hours of collection and ultimately stored at -70°C. PBMC and plasma samples, 
also initially stored at +4°C, were separated from EDTA-blood by density-gradient 
centrifugation on Ficoll-Hypaque (Pharmacia, Uppsala, Sweden), aliquoted, and ultimately 
stored at -70°C. 

Serological tests 
Samples were tested for the presence of antibodies to HCV by the third-generation Enzyme 
Immunoassay (EIA 3.0; Abbott Laboratories, Chicago, IL). All positive EIA 3.0 assays 
were confirmed by the third-generation Strip Immunoblot Assay (SIA, RIBA; Chiron 
Corp., Emeryville, CA). All serological assays were performed according to the manufac
turer's manual. 

Detection of HCV RNA by RT-PCR in serum and plasma samples 
HCV RNA was isolated from a 100 ^1 serum or plasma sample, according to Boom et al. 
31, and was used immediately in single RT-PCR experiments, using primers located in the 
5' noncoding region, or stored at -70°C as previously described 12. Briefly,one fifth (10 pd) 
of the isolated RNA was subjected to reverse transcription and a single PCR. For reverse 
transcription, 10 /*1 RNA was incubated with 25 ng of anti-sense primer (nt 319-324) 5'-
ACCTCC-3* for 5 minutes at 65°C, then cooled down to 42°C. Finally, 14 ^1 of the 
reverse transcription mixture was added, containing 10 mM Tris-HCl pH 8.3, 50 mM KCl, 
0.1% Triton X-100 (Packard Instrument Co., Inc., Downers Grove, IL), 6 mM MgCl2, 
0.6 mM of each dNTP, 20 U RNAse inhibitor (Promega, Madison, WI), and 100 U 
SuperScript II (Life Technologies, Gaithersburg, MD). The mixture was incubated for 30 
minutes at 42°C, and 12.5 jtl was used for the single PCR in duplicate. For the PCR, the 
GeneAmp PCR carry-over prevention kit (Perkin Elmer Cetus, Branchburg, NJ) was used 
to avoid contamination. The PCR was performed in a 50 /x\ volume containing 100 ng of 
sense primer (nt 47-68) 5'-GTGAGGAACTACTGTCTTCACG-3', 100 ng of anti-sense 
primer (nt 292-312) 5'-ACTCGCAAGCACCCTATCAGG-3', 2.5 U Ampli-Taq 
polymerase (Perkin Elmer Cetus), 50 mM Tris-HCl pH 8.3, 20 mM KCl, 1.2 mM MgCl2, 
2.5 nM of each dNTP, 25 /*M dUTP, and 0.5 U Uracil N-glycosylase (Perkin Elmer 
Cetus). The thermal cycler (Perkin Elmer Cetus, type 480) was programmed as follows: 5 
minutes at 95°C and subsequently 40 cycles of 95°C for 1 minute, 55°C for 1 minute, 
72°C for 2 minutes, then incubation of samples for 8 minutes at 72°C. PCR products were 
subjected to electrophoresis in 2 % agarose containing ethidiumbromide and visualised 
under uv-light. 

As positive controls, we used a pool of HCV-positive serum quantified by the 
branched DNA (bDNA) technology (Chiron Corporation) to a level of 1.6 x 106 HCV 
RNA copies/ml and a hundred-fold dilution. The sensitivity of our single RT-PCR was 
evaluated by serial two-fold dilutions of the quantified pool of serum and was found to 
have a detection limit of approximately 103 HCV RNA copies/ml (results not shown). As 
negative controls, we used a pool of commercially available serum (seronegative for HIV, 
HBV and HCV) and TE (Tris/EDTA). All positive and negative controls were tested in 
parallel with the test samples throughout the entire procedure, starting from RNA extrac-
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tion. Serum samples yielded no different PCR results from plasma samples (results not 
shown). The RT-PCR rendered good duplicates unless its detection limit was reached, in 
which case it rendered a plus/minus duplicate (Poisson distribution). Samples were ran
domly tested for presence of HCV RNA, and all precautions were taken to avoid any 
possible contamination, using separated locations for extraction of specimen, amplification 
of HCV RNA, and analyses of PCR products. 

Isolation and detection of HCV RNA by RT-PCR in PBMC 
HCV RNA was isolated from 100 //1 PBMC containing approximately 105 cells/ml using 
Total RNA Isolation Reagent (TRIzol Reagent, Life Technology, Gaithersburg, MD), 
designed for the isolation of total RNA from cells and tissue, according to the manufac
turer's manual. 

HCV RNA was detected in PBMC with nested PCR, processing one tenth of the 
initial RT-PCR products under the same conditions as in the single-PCR, but with 25 
cycles using sense primer (nt 74-91) 5'-AGCGCCTAGCCATGGCGT-3' and anti-sense 
primer (nt 243-260) 5'-TACCACAAGGCCTTTCGC-3', which were extended at the 5'-
end with the -21 M13 primer and the reverse M13 primer, respectively. Samples were 
randomly tested for presence of HCV RNA, and all precautions were taken to avoid any 
possible contamination, using separated locations for extraction of specimen, amplification 
of HCV RNA, and analyses of PCR products. 

HCV RNA quantification 
The HCV RNA load in serum was determined longitudinally by the branched DNA 
(bDNA) signal amplification assay 2.0 (Quantiplex HCV RNA, Chiron Corp., Emeryville, 
CA), according to the manufacturer's manual. All samples were tested in duplicate, and the 
mean value of the duplicate tests was used for data analysis. Viral load, expressed as HCV 
RNA copies/ml, was determined by comparison with an external standard curve having a 
quantitation limit of 2.0 x 105 HCV RNA copies/ml. 

Specificity and confirmation of HCV PCR products 
The specificity of the PCR products was confirmed by using a 5'-digoxigenine labelled 
probe " (nt 264-291) 5'-TTGGGTCGCGAAAGGCCTTGTGGTACTG-3' in high strin
gency hybridizations, according to the manual (Boehringer, Mannheim GmbH, Germany) 
and by genotyping. 

The genotypes were determined either using the HCV LiPa protocol (Line Probe 
Assay, LiPa, Innogenetics, Ghent, Belgium) 33, according to the manual, or by direct-
sequencing the products obtained by nested PCR processing one tenth of the initial RT-
PCR products. Nested PCR (encompassing the same region as used in the HCV LiPa 
protocol) was performed under the same conditions as the single-PCR, but for 25 cycles, 
using sense primer (nt 74-91) 5'-AGCGCCTAGCCATGGCGT-3', and anti-sense primer 
(nt 243-260) 5'-TACCACAAGGCCTTTCGC-3', which were extended at the 5'-end with 
the -21 M13 primer, and the reverse M13 primer, respectively. The Thermo Sequenase 
cycle-sequencing reaction was performed according to the manual, using the Dye-primer 
method (Amersham Life Science, Buckinghamshire, England). 

Serum samples were initially used to determine the presence of HCV RNA before 
seroconversion. Finding of HCV RNA positive-samples before HCV seroconversion were 
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confirmed by detecting and genotyping HCV in samples of serum and PBMC or plasma 
drawn at the same time-point. 

Computer sequence analysis 
The PCR products were directly sequenced with an ABI Automated Sequencer model 373A 
using the 1.2.0 software. The direct sequences were assembled by the Sequence Navigator 
program (ABI) and were further optimized manually. The p-distances were calculated with 
MEGA. Phylogenetic trees were computed using the neighbour-joining algorithm M. The 
resulting tree was assessed by the bootstrap method 35 based on 500 replicates. 
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Results 

Determination of HCV seroconverters 
Testing of the first and the last samples drawn from 358 IDUs revealed that 316 (88.3%) 
were positive for antibodies to HCV, 23 (6.4%) were negative for antibodies to HCV, and 
19 (5.3%) individuals seroconverted for HCV during the follow-up period. 

One of 19 HCV seroconverters, seroreverted during follow-up as described earlier 
(Beid et al., Hepatology, in press). Antibodies to HCV disappeared completely after the 
first 55 months, although HCV RNA was intermittently detectable in serum during that 
period of 45 months. Subsequently, a new seroconversion occurred at 98 months (Fig 1). 

Ab+ period 3009 Ab+ period 
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Figure 1. Patterns of HCV viraemia and serological response in one individual showing 
reseroconversion. The detection limit of the bDNA assay is shown as a dotted line. 

Confirmation by hybridization of the initial HCV RNA-positive serum samples in 19 HCV 
seroconverters 
To confirm all PCR products initially detected in serum samples of the 19 HCV 
seroconverters after UV illumination, we did high-stringency Southern blot hybridizations 
using a digoxigenine labelled probe that disclosed the specificity of the RT-PCR. The RT-
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PCR rendered good duplicates unless the detection limit of the system was reached (Fig. 
2). As a control panel, we included the first serum samples of 6 HCV seronegative subjects 
who were seronegative with EIA 3.0 at both first and last sample over a mean period of 5 
years. RT-PCR and Southern blot hybridization experiments, performed on this control 
panel showed that no detectable HCV RNA was present in any of the first samples (Results 
not shown). 
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Figure 2. Southern blot hybridization of the duplicate RT-PCR results using an internal 5'-
digoxigenine-labelled HCV probe. The initially detectable PCR products in duplicate of the 19 HCV 
seroconverters were blotted and hybridized under high-stringency conditions. The 19 seroconverters 
are indicated by an identification number. Positive and negative controls are indicated. 

Presence of HCV RNA in different blood compartments among HIV-negative subjects 
with prolonged antibody-negative periods 
RT-PCR was used to analyse serial blood samples for the presence of HCV RNA before 
HCV seroconversion in different blood compartments drawn from the 5 HIV-negative 
subjects (0073, 0146, 1083, 1085, 3059), as available. In 3 of these 5 individuals (0073, 
1083, 3059), the initial sample was HCV RNA-negative. HCV RNA, as detected by single 
RT-PCR, fluctuated but was repeatedly found at low levels in serial samplings of all 5 
subjects before HCV seroconversion. On some occasions, HCV RNA was found by the 
bDNA assay in serum more than 1 year before HCV seroconversion. In 3 of 5 subjects 
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(1085, 3095, 0146), presence of HCV RNA in serum could be confirmed independently in 
PBMC or plasma. The antibody status and presence of HCV RNA in these 5 subjects are 
summarized in Table 1. 

Table 1. Presence of HCV RNA in 5 individuals without antibodies to HCV more than 1 year. 

RT-PCR bDNA 
Meq/ml 

Subject Visit Time in months EIA 3.0 serum plasma PBMC serum 

1085 1 -94 - +' na na 0.254' 

2 -51 - +' na + <0.2 

3 -47 - _» na na <0.2 

4 -43 - +" na + <0.2 

5 -39 - _« - na <0.2 

6 -35 - _a - na <0.2 

7 -27 - _a - na <0.2 

8 -23 - _• - na <0.2 

9 -18 - _ t - na <0.2 

10 -14 - _a - - <0.2 

11 -10 - _a - - <0.2 

12 -6 - +a +* na <0.2 

13 -2 - _• -' na <0.2 

14 +2 + +• m L na <0.2 

3095 1 -42 - - m na <0.2 

2 -38 - +• m + 0.439' 

3 -34 - +' ra + 0.686' 

4 -31 - _a na + 0.306* 

5 -27 - _a na na <0.2 

6 -22 - a na na <0.2 

7 -18 - -• na na <0.2 

8 -14 - + na + <0.2 

9 -11 - _ i - na <0.2 

10 -6 - _» - na <0.2 

11 -2 - +* +' + 0.641' 

12 +2 + +• + na 0.390 

13 +6 + nt + na 0.211 

14 +10 + nt + na 1.337 
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0146 1 -28 - +' na na <0.2 

2 -24 - -' na na <0.2 

3 -21 - -' na na <0.2 

4 -15 - +• na na 0.528' 

5 -12 - -" na na <0.2 

6 -9 - -* na + <0.2 

7 -5 - -' na na <0.2 

8 -2 - +r na + <0.2 

9 +2 + +* na na <0.2 

10 +5 + -* na na <0.2 

11 +9 + +* na na <0.2 

0073 1 -44 - - na na <0.2 

2 -40 - - na na <0.2 

3 -35 - - na na <0.2 

4 -31 - +' na na <0.2 

5 -25 - +' na na <0.2 

6 -16 - _• na na <0.2 

7 -11 - _a na na <0.2 

8 +11 + nt _i na <0.2 

9 +16 + nt _• na <0.2 

10 +21 + nt +* na <0.2 

11 +25 + nt +' na 0.346 

1083 1 -16 - - na na <0.2 

2 -13 - +' na na <0.2 

3 -8 - _« na na <0.2 

4 -6 - _t na na <0.2 

5 -3 - +" na na 0.698' 

6 +3 + _« na na <0.2 

7 +12 + +' nt na 0.286 

8 +16 + nt + na 0.472 

na=not available 
nt=not tested 
* =repeated independent extractions from aliquots and amplifications 
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Determination of HCV RNA by sequencing among subjects with prolonged antibody-
negative periods in different blood compartments 
To verify all positive findings by RT-PCR in the different blood compartments from the 5 
subjects, we performed sequence analyses of samples drawn before and after HCV 
seroconversion. HCV genotypes were determined using phylogenetic trees computed by the 
neighbour-joining algorithm, and genotype 1 was initially found in all subjects, although 
sequences were distinct at one or more nucleotide positions. As shown in Table 1, HCV 
RNA positivity was confirmed by independently collected plasma or PBMC samples in 3 
subjects (1085, 3059, 0146), but only serum samples were available for testing in 2 sub
jects (0073, 1083). 

In subject 1085, there was an extremely long antibody-undetectable period of 94 
months accompanied by intermittent detection of HCV RNA. The initial serum sample, 
drawn 94 months before HCV seroconversion, was positive for HCV RNA both by RT-
PCR and bDNA testing and harboured HCV genotype 1. The sample collected 51 months 
before HCV seroconversion was positive for HCV RNA by RT-PCR in serum and PBMC 
and contained HCV genotype 1 in both compartments. The sample taken at 47 months 
before seroconversion was negative for HCV RNA, whereas the samples taken 4 months 
later were HCV RNA positive, and although HCV genotype 1 was found in serum, HCV 
genotype 4 was found in PBMC sampled at the same time-point. Thereafter, the HCV 
infection seemed to be cleared from blood for the next 37 months. Infection with HCV 
genotype 2 apparently occurred 6 months before HCV seroconversion, as detectable in 
plasma and serum. The sample collected 2 months before HCV seroconversion was HCV 
RNA negative, both in plasma and serum by RT-PCR, whereas HCV genotype 1 was 
found just after HCV seroconversion, indicating several reinfections in this individual (Fig 
3a and 4). 
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Figure 3a. Phylogenetic tree of the 5'non-coding region of HCV showing the genotypes identified in 
individual 1085. Patient specimens, consensus sequences, and time in months before (-) and after (+) 
HCV seroconversion are indicated. 
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In subject 3059, the antibody-undetectable period of 38 months was accompanied by 
intermittent detection of HCV RNA. The sample taken at 38 months before HCV 
seroconversion was found positive by bDNA and RT-PCR in serum and PBMC. Sequenc
ing of virus isolated from serum and PBMC samples revealed an infection with HCV 
genotype 1. HCV RNA remained detectable in both compartments by RT-PCR and bDNA 
in the sample taken at 34 months before HCV seroconversion; in PBMC genotype 1 was 
again detected by sequencing, but the virus in the serum sample was untypeable by se
quencing and InnoLipa. The serum sample taken at 31 months before HCV seroconversion 
was repeatedly negative by RT-PCR, whereas the bDNA assay showed repeatedly positive 
results. HCV RNA was not detectable by RT-PCR or bDNA in the next 3 serum samples 
taken over a period of 17 months. Interestingly, in the sample drawn at 14 months before 
HCV seroconversion, genotyping revealed HCV genotype 1 in PBMC, whereas in serum 
of the same time-point, HCV genotype 3a was found. Moreover, in samples taken 2 
months before HCV seroconversion, genotype 3a was found in serum, plasma, and PBMC. 
HCV genotype 3a, remained present in the plasma samples tested after HCV 
seroconversion (Fig. 3b and 4). 
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Figure 3b. Phylogenetic tree of the 5'non-coding region of HCV showing the genotypes identified in 
individual 3059. Patient specimens, consensus sequences, and time in months before (-) and after (+) 
HCV seroconversion are indicated. 
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In subject 0146, the antibody-undetectable period of 28 months was accompanied by 
intermittent detection of HCV RNA. HCV genotype 1 was found in serum samples 28 and 
15 months before HCV seroconversion. The serum sample collected 15 months before 
HCV seroconversion was positive by RT-PCR and bDNA. Interestingly, 9 months before 
HCV seroconversion, PBMC were found to harbour HCV genotype 1, whereas the serum 
sample appeared to be HCV RNA negative. The sample taken 2 months before HCV 
seroconversion was HCV RNA-positive in serum and PBMC, both of which were infected 
with HCV genotype 4. However, serum samples up to 9 months after HCV seroconversion 
appeared to harbour HCV genotype 3a, indicating several reinfections in this individual 
(Fig 3c and 4). 
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Figure 3c. Phylogenetic tree of the 5'non-coding region of HCV showing the genotypes identified in 
individual 0146. Patient specimens, consensus sequences, and time in months before (-) and after (+) 
HCV seroconversion are indicated. 

From subjects 0073 and 1083, only serum samples were available, and the antibody-
undetectable period was accompanied by intermittent detection of HCV RNA. In subject 
0073, HCV genotype 1 was detected in the serum samples drawn 31 and 25 months before 
HCV seroconversion. The next two samples were HCV RNA negative, but HCV genotype 
1 was again found in consecutive serum samples drawn up to 25 months after HCV 
seroconversion. In subject 1083, the antibody-undetectable period of 13 months was 
accompanied by intermittent detection of HCV RNA. The initial serum sample, drawn 13 
months before HCV seroconversion, contained HCV genotype 1, whereas samples drawn 
at 8 and 6 months before HCV seroconversion were HCV RNA-negative. Three months 
before HCV seroconversion the serum sample was positive for both RT-PCR and bDNA, 
containing HCV genotype 1, and HCV seroconversion was observed in the next sample, 
accompanied by undetectable HCV RNA. However, HCV genotype 1 reappeared and was 
detectable both by RT-PCR and bDNA in the consecutive plasma and serum samples. 
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Figure 4. Alignment of all sequences found among the three individuals with prolonged seronegative 
periods. Patient specimens, consensus sequences, and time in months before (-) and after (+) HCV 
seroconversion are indicated. 

Discussion 
Detection of antibodies directed to HCV is still considered the "gold standard" for identifi
cation of HCV-infected individuals. A good correlation has been shown between antibodies 
to HCV and detectable HCV RNA, as well as between HCV seronegativity and undetect
able RNA, among blood donors 1314, haemodialysis patients 16, haemophiliacs '7, and 
chronic HCV patients ". However, up to half of immunosuppressed patients, such as 
recipients of renal and liver transplants fail to generate a humoral response, if infected with 
HCV 25. Moreover, in studies of dialysis patients 36 and on histologically verified patients 
with non-A, non-B hepatitis ", commercially available antibody tests failed to identify a 
significant number of HCV-infected individuals. Thomas and coworkers 2 studied the 
sociodemographic and behavioral correlates of HCV infections among IDUs in Baltimore 
and found a high prevalence of HCV. They also found HCV RNA in 13 (30.2%) of 43 
HCV-seronegative long-term drug users. 

In the present study, we looked at the seronegative window-phase for HCV RNA to 
gain insight into the proportion of undiscovered carriers among IDUs. Since this population 
is at high risk for HIV-coinfection, AIDS-associated immune-suppression could delay 
antibody response to HCV infection, but we found a long seronegative period in a signifi
cant proportion of HIV negative IDUs (26.3%). This finding may in part be explained by 
the transiently low detectable levels of HCV RNA present in most IDUs before 
seroconversion, which are apparently insufficient to elicit enough antibodies to be detected 
by diagnostic assays. Nevertheless, our 5 subjects with prolonged window-phases eventu
ally seroconverted. 
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Improper handling and storage of specimens can affect the detection of HCV RNA 
37.38 by yielding false negative results, but such artefacts would not shorten the window-
phase in our study. False RT-PCR positive results can be introduced, either by improper 
handling patient specimen or by improper extraction and amplification of target RNA. To 
avoid such artefacts, the serum samples at one hand, and plasma and PBMC samples at the 
other hand, were sent to two different research institutes for final handling and storage. 
Moreover, the serum and EDTA-blood samples of the 19 HCV seroconverters were drawn 
at different Municipal Health stations in Amsterdam. To exclude false positive serum 
results due to sampling, handling, or storage, plasma and PBMC samples were also tested 
when available. Moreover, samples were randomly tested for the presence of HCV RNA, 
and all precautions were taken to avoid any possible contamination, using separated loca
tions for the extraction of specimens, amplification of HCV RNA (using the GeneAmp 
PCR carry-over prevention kit), and analyses of PCR products. 

In general, serum and PBMC samples, drawn and analyzed at the same time-point 
contained the same HCV genotype. However, at some time-points in subject 1085 and 
3059 the serum sample contained another HCV genotype than the genotype found in 
PBMC. Especially, remarkable findings were observed in samples taken before HCV 
seroconversion in subject 3095. In that patient, HCV genotype 1 was initially found in 
serum and PBMC 38 months before HCV seroconversion. HCV genotype 1 remained 
detectable in the two following PBMC samples, whereas the serum samples were either 
untypeable or HCV-negative by RT-PCR. However, 14 months before HCV 
seroconversion, genotype 1 remained present in PBMC, whereas the serum sample of that 
time contained genotype 3a. Strikingly, the samples drawn 2 months before HCV 
seroconversion contained genotype 3a in serum, plasma, and PBMC, indicating a new 
infection that was found in all consecutive samples after HCV seroconversion. These 
findings could be explained by the fact that frequent drug injections lead to a mixture of 
HCV genotypes. 

Continuous reexposure and reinfections with HCV are often seen among IDUs, as 
exemplified in individual 3009 (Fig. 1), in whom a new HCV seroconversion was detected 
by commercially available antibody assays. Superinfections and overtake phenomena in 
seropositive subjects have been reported in chimpanzees experimentally reinfected with 
HCV 24-39.«); in chronically HCV-positive humans reinfected with HCV through blood 
transfusion **, and in chronically HCV-positive humans receiving HCV-positive liver grafts 

According to these reports, neither humans nor chimpanzees chronically infected with 
HCV have adequate protective immunity against heterologous HCV genotypes, nor are 
they protected against HCV strains of the same genotype or even against identical strains. 
Full and partial HCV seroreversions have been described in untreated immunocompetent 
humans 29 and in chimpanzees28. In our study, a full seroreversion and new seroconversion 
occurred in 1 individual (Fig. 1). Such seroreversions may partially explain the seronega
tive window-phase and may possibly indicate resolved HCV infections from blood. Disap
pearance of detectable HCV RNA from blood in seropositive individuals eventually with 
loss of antibodies to HCV may be more common than generally suspected, and was earlier 
suggested (Beid et al., Hepatology, in press)29-43-45. 

Another explanation, in addition to low levels of HCV RNA, might be a poor recog
nition or exposure of HCV antigens to helper T-lymphocytes (TH cells), leading to dimin
ished lymphokine secretion and less expansion and responsiveness of B-cells. Besides, it 
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has been described that exposure to opiates influences T-cell responses, especially anti-CD3 
responses. Frequently injecting drugs reduce the reactivity of T-cells and lead to higher 
levels of anergy than in non-IDUs "6. This is corroborated by the finding that long window-
phases in our study were seen among HIV-negative individuals excluding HIV as con
founding factor. Extended window phases were also found for HIV among IDUs compared 
with non-IDUs infected with HIV, although the delay between HIV detection and 
seroconversion is not as extreme as with HCV 47. 

In conclusion, we observed a prolonged period of HCV RNA positivity prior to 
antibody seroconversion in a significant number of injecting drug users. Independent of 
HIV infection, the immune-system appears to be sometimes incompetent to mount enough 
antibodies to HCV to be detected by commercially available assays. Our results indicate 
that HCV infection is not always characterized by persistent antibody responses and is able 
to endure at low levels without or delayed antibody responses to HCV. However, the 
percentage of silent carriers is hard to predict, and more studies are needed in subjects, 
other than IDUs to extrapolate these findings to the general population. 
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Abstract 
Hepatitis C virus (HCV) infection often persists in association with chronic hepatitis. Different 
factors have been proposed to determine the clinical outcome of HCV infection. The aim of 
this study was to examine three different factors of HCV infection among injecting drag users. 
Nineteen untreated HCV seroconverters were tested longitudinally for the presence of HCV 
RNA by reverse transcriptase (RT) PCR, and results were quantified by the branched-DNA 
(bDNA) assay. HCV genotypes were determined with the first sample taken after HCV 
seroconversion. To assess the natural course of infection, serum alanine aminotransferase 
(ALT) levels were measured at three stages in every individual. The concordance between 
bDNA and RT-PCR was 98.9%. Three distinct patterns were found, according to the HCV 
RNA load after seroconversion during a mean follow-up period of 5 years (range, 1 to 8 
years). HCV genotype la was predominant (52.6%). There was a significant increase in serum 
ALT levels (mean 55.5 U/liter) in the early phase of HCV infection, compared with basal se
rum ALT levels before HCV seroconversion and at the end of the follow-up period. Three dis
tinct HCV RNA load profiles were found, without apparent relationship to genotype and se
rum ALT levels in the first 5 years of HCV infection. 
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Introduction 
Hepatitis C virus (HCV) is a major cause of parenterally transmitted acute hepatitis (5) and is 
widely spread among injecting drug users (IDUs) (25, 28). HCV is an important cause of 
chronic hepatitis and may eventually cause progressive liver disease, cirrhosis, and liver cancer 
(7, 10, 22). Chronic HCV infection is often silent, and clinical symptoms are absent or minimal 
unless the disease is severe or cirrhosis is diagnosed. Many attempts to identify the natural his
tory, progression, and treatment of HCV infection have been made, but several aspects remain 
to be elucidated (13). In chronically infected individuals, viral load, genotype, and elevated se
rum alanine aminotransferase (ALT) levels may have clinical relevance (16, 18, 19). When 
parenchymal liver cells are damaged, aminotransferases leak from the liver into the blood, re
sulting in elevated levels of aminotransferases. Normalization of serum ALT levels after treat
ment with interferon (EFN) for 6 months is conventionally considered to indicate treatment effi
cacy (15), although half of the untreated patients with chronic HCV infections have normal or 
minimally elevated serum ALT levels (6). In the present study, we quantified HCV RNA in 
serum samples from 19 HCV seroconverters longitudinally and measured serum ALT levels at 
three different time points to assess the course of HCV infection. The HCV genotypes 
harbored by the 19 HCV seroconverters were determined with the first sample after 
seroconversion. The branched-DNA (bDNA) signal amplification assay (Quantiplex HCV 
RNA; Chiron Corp., Emeryville, Calif.) was used for quantification of HCV RNA loads. This 
assay does not require sample preparation, is easy to handle, and is highly reproducible. It is 
unaffected by HCV genotype variability, because it is based on hybridization of HCV RNA to 
oligonucleotide probes that target the highly conserved 5' untranslated region and the 5' part of 
the core gene of the HCV genome (8). 

In the present study, we investigated the course of HCV infection, the influence of HCV 
genotypes on viral loads, ALT levels during HCV infection, and the correlation between viral 
loads and ALT levels among IDUs in the first 5 years of HCV infection. 

Materials and Methods 

Patients 
The study population consisted of EDUs living in Amsterdam and participating in the Amster
dam Cohort Studies on HTV and AIDS among IDUs, a collaboration between the Academic 
Medical Centre, the Central Laboratory of the Netherlands Red Cross Blood Transfusion Ser
vice, and the Municipal Health Service, Amsterdam, The Netherlands. The 358 IDUs in this 
study were recruited from a cohort started in December 1985 (27). 

We selected drug users who were monitored for at least 3 years and had at least 7 visits (n 
= 358). Their serum and plasma samples were stored initially at 4°C and then frozen at -20°C 
within 24 h of collection and handling; ultimately, the samples were stored at -70°C. All sub
jects were screened at the first and last sampling times for HCV antibodies, and sequential sam
ples of the seroconverters were subsequently tested to establish the approximate 
seroconversion point. The date of HCV seroconversion was determined by calculating the mid
point between the last seronegative sample and the first seropositive sample. Nineteen HCV 
seroconverters were identified; they were then studied longitudinally for HCV RNA levels. The 
mean follow-up period after HCV seroconversion was 5 years (range, 1 to 8 years), and none 
of the subjects had signs of HCV-related symptoms or were treated with EFN or other antiviral 
drugs. 
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Laboratory tests 
Antibodies to HCV were assayed by the third-generation Enzyme Immunoassay (EIA 3.0; 
Abbott Laboratories, Chicago, 111.) according to the manufacturer's manual. All positive EIA 
3.0 assays were confirmed by the third-generation Strip Immunoblot Assay (RIBA; Chiron 
Corp.) according to the manufacturer's instructions. 

Detection of HCV RNA by RT-PCR 
HCV RNA was isolated from 100 ul serum or plasma samples, according to the method of 
Boom et al. (3), and was immediately used in reverse transcriptase (RT) PCR experiments or 
stored at -70°C. One-fifth (10 ui) of the isolated RNA was applied to reverse transcription and 
a single PCR with primers located in the highly conserved 5' noncoding region described previ
ously by Attia et al. (2). For reverse transcription, 10 ul of RNA was incubated with 25 ng of 
antisense primer (nucleotides [nt] 319 to 324) 5'-ACCTCC-3' for 5 min at 65°C and then 
cooled to 42°C. Finally, 14 ul of the reverse transcription mixture, containing 10 mM Tris-HCl 
(pH 8.3), 50 mM KCl, 0.1% Triton X-100 (Packard Instrument Co., Inc., Downers Grove, 
Dl.), 6 mM MgC12, 0.6 mM (each) deoxynucleoside triphosphates, 20 U of RNase inhibitor 
(Promega, Madison, Wis.), and 100 U of SuperScript II (Life Technologies, Gaithersburg, 
Md.), was added. The mixture was incubated for 30 min at 42°C, and 12.5 ul was used for 
PCR in duplicate. For PCR, the GeneAmp PCR carryover prevention kit (Perkin-Elmer Cetus, 
Branchburg, N.J.) was used to avoid contamination. PCR was performed in a 50 ul volume 
containing 100 ng of sense primer (nt 47 to 68) 5'-GTGAGGAACTACTGTCTTCACG-3', 
100 ng of antisense primer (nt 292 to 312) 5'-ACTCGCAAGCACCCTATCAGG-3', 2.5 U of 
Ampli-Taq polymerase (Perkin-Elmer Cetus), 50 mM Tris-HCl (pH 8.3), 20 mM KCl, 1.2 mM 
MgC12, 2.5 uM (each) deoxynucleoside triphosphates, 25 uM dUTP, and 0.5 U of uracil N-
glycosylase (Perkin-Elmer Cetus). A type 480 thermal cycler (Perkin-Elmer Cetus) was pro
grammed as follows: 5 min at 95°C followed by 40 cycles of 95°C for 1 min, 55°C for 1 ruin, 
and 72°C for 2 min, and then incubation of samples for 8 min at 72°C. PCR products were 
subjected to electrophoresis in 2% agarose containing ethidium bromide and were visualized 
under UV. 

A pool of HCV-positive serum, quantified by bDNA technology (Chiron Corp.) to a level 
of 1.6 x 10s HCV RNA copies/ml, and a 100-fold dilution of this quantified serum pool were 
used as positive controls. The sensitivity of RT-PCR was evaluated by serial twofold dilutions 
of the quantified pool of serum and was approximately 103 HCV RNA copies/ml (results not 
shown). As negative controls, we used a pool of commercially available serum (seronegative 
for human immunodeficiency virus, hepatitis B virus, and HCV) and Tris-EDTA. All positive 
and negative controls were tested in parallel with test samples throughout the entire procedure, 
starting with RNA extraction. The results of the single PCR usually rendered good duplicates, 
unless very low levels of HCV RNA were present in the samples. In such cases, the detection 
limit of RT-PCR was reached, resulting in a plus-minus duplicate. 

HCV RNA quantification 
The HCV RNA load was determined longitudinally by the bDNA signal amplification assay, 
version 2.0 (Quantiplex HCV RNA; Chiron Corp.), according to the manufacturer's manual. 
All samples were tested in duplicate, and the mean values from the duplicate tests were used 
for data analysis. Viral load, expressed as the number of HCV RNA copies per milliliter, was 
determined by comparison with an external standard curve with a quantitation limit of 2.0 x 
105 HCV RNA copies/ml. 
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Genotyping 
Genotypes were determined either by the HCV line probe assay protocol (LiPa; Innogenetics, 
Ghent, Belgium) (24), according to the manufacturer's manual, or by direct sequencing of the 
products obtained by nested PCR on 1/10 of the initial in-house single PCR products. Nested 
PCR (encompassing the same region used in the HCV LiPa protocol) was performed under the 
same conditions as the single PCR but for 25 cycles, with sense primer (nt 74 to 91) 5'-
AGCGCCTAGCCATGGCGT-3 and antisense primer (nt 243 to 260) 5'-
TACCACAAGGCCTTTCGC-3', which were extended with the -21 M13 primer (5') and the 
reverse M13 primer (3'), respectively. The Thermo-Sequenase cycle sequencing reaction was 
performed according to the manufacturer's manual by the dye-primer method (Amersham Life 
Science, Buckinghamshire, England). 

Serum ALT levels 
Serum ALT levels were measured with a Hitachi 747 analyser at 37°C, according to the manu
facturer's protocol (reagents BM 300683 and BM 1127799 [pyridoxal-phosphate enhanced]; 
Boehringer GmbH, Mannheim, Germany). The upper limit of the normal range for this assay 
was 37 U/liter. Serum ALT levels were measured at three different time points for all 19 HCV 
seroconverters: before HCV seroconversion (without HCV RNA present), in the first sample 
after HCV seroconversion (to assess the early phase of HCV infection), and during the chronic 
phase of HCV infection. 

Computer sequence analysis 
PCR products were directly sequenced with an ABI automated sequencer, model 373A using 
1.2.0 software. The direct sequences were assembled by the Sequence Navigator program 
(ABI) and were further optimized manually. 

Statistics 
Scatterplots were used to review the distributions of HCV RNA and ALT concentrations, and 
log-transformed HCV RNA concentrations were used for analysis. Samples negative by bDNA 
were assigned a value of 1.0 * 105 HCV RNA copies/ml. We used the Mann-Whitney test for 
comparison of the different parameters. A P value of <0.01 was considered to indicate statisti
cal significance. 

Results 

Evaluation of the course of HCV infection in 19 HCV seroconverters 
The natural course of HCV infection was investigated in 19 HCV seroconverters who were 
exposed to HCV by injecting drugs and sharing needles. None were treated with IFN, and 
none mentioned complaints or had signs of HCV-related symptoms. Detection of HCV RNA 
by the bDNA assay was highly dependent on viral RNA titers, which varied considerably 
among our subjects. HCV RNA was, nevertheless, detected at various time points after 
seroconversion in all 19 HCV seroconverters. 

Three patterns of HCV seroconverters were defined according to their HCV RNA loads 
(Fig. 1). The first group consisted of nine (47.4%) individuals having high HCV RNA loads 
(mean, 8.2 x 106 HCV RNA copies/ml) throughout the infection, and the second group, seven 
(36.8%) individuals, had fluctuating HCV RNA loads (mean, 5.1 x 106 HCV RNA copies/ml). 
The third group consisted of three (15.8%) individuals having low HCV RNA loads (mean, 
<2.0 x 105 HCV RNA copies/ml) throughout the infection. 
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Figure 1. Three examples of viral load profiles found in 19 HCV seroconverters among IDUs. The HCV 
RNA load was measured longitudinally by bDNA assay. The detection limit of the bDNA assay is shown 
as a dashed line. Average characteristics of the total group are indicated. RT-PCR results in duplicate are 
indicated by +, ±, or -. 
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Mean HCV RNA copies per milliliter were calculated by counting all viral loads above the 
lower limit of 2.0 x io5 HCV RNA copies/ml and dividing by the total number of visits after 
HCV seroconversion. Samples negative by bDNA were assigned a value of 1.0 x 105 HCV 
RNA copies/ml. The concordance between bDNA and the qualitative single-step in-house RT-
PCR was 98.9%. In only 4 of 356 serum samples did we find repeated positive results, with 
bDNA just above the detection limit, accompanied by repeated negative RT-PCR results. 

HCV genotypes in relation to HCV RNA load at seroconversion 
We determined the HCV genotypes for all 19 subjects, using the first sample taken after HCV 
seroconversion, and compared the genotypes with the HCV RNA load in the same sample. 
Genotyping revealed that HCV genotype la was the predominant genotype (52.6%), followed 
by genotypes 3a (36.8%) and lb (5.3%). One double infection (5.3%) with genotypes la and 
3a was found. Figure 2 shows that there was no statistically significant difference (P > 0.1) be
tween HCV genotypes and HCV RNA loads in the first sample after seroconversion. More
over, there was no apparent relationship between genotypes and HCV RNA load profiles (re
sults not shown) 
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Figure 2. Comparison of HCV RNA loads with genotype found in the first sample after HCV 
seroconversion. The horizontal dashed bar indicates the detection limit of the bDNA. The closed circles 
represents data from the first samples after seroconversion. Horizontal bars represent the median value of 
each genotype. Statistical analysis was performed using Mann-Whitney test. 
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Relationship between HCV RNA loads and ALT levels 
To address the relationship between serum ALT levels and the development of HCV infection, 
serum ALT levels were measured at three different time points during follow-up in the 19 
HCV seroconverters. The first measuring point was before seroconversion, with a mean period 
of 9 months (range, 2 to 38 months) without detectable HCV RNA, to determine a basal serum 
ALT level The second measuring point was just after seroconversion, with a mean period of 6 
months (range, 1 to 23 months), to assess the early phase of HCV infection. Finally, to assess 
the chronic phase of HCV infection, serum ALT levels were measured at a mean period of 60 
months (range, 14 to 91 months) after seroconversion. The serum ALT levels before 
seroconversion and in the chronic phase of HCV infection were, in all 19 seroconverters, be
low the upper limit of the normal range, 37 U/liter. There was a significant correlation (P < 
0.01) between increased serum ALT levels and the early phase of HCV infection (Fig. 3a). The 
serum ALT levels we found in the early phase of HCV infection had a mean value of 55.5 
U/liter (range, 2.7 to 246.1 U/liter), with a median value of 21.1 U/liter. The intervals among 
the values of serum ALT levels in this phase reflect the long sample intervals (±2 years) in five 
subjects around the time of HCV seroconversion. 
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Figure 3a. Differences among serum ALT levels at three different time-points in HCV infection. Horizon
tal bars represent the median value at each time-point. Each closed circle represents ALT levels from one 
seroconverter. The upper limit of normal for the ALT assay is 37 U/l. Statistical analysis was performed 
using Mann-Whitney test. 
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Comparison of the relationship between HCV RNA load in the early and chronic phases 
showed no significant difference (P > 0.1) between the two time points (Fig. 3b). 
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Figure 3b. Differences among HCV RNA loads in 19 HCV seroconverters in the early phase and the 
chronic phase during HCV infection. Each closed circle represents HCV RNA levels from one 
seroconverter. Horizontal bars represent the median value of HCV RNA copies/ml. The horizontal dashed 
bar depicts the detection limit of the bDNA. Statistical analysis was performed with the Mann-Whitney 
test. The mean period pre-seroconversion was 9 months (range 2-38). The early phase had a mean period 
of 6 months (range 1-23), and post-seroconversion had a mean period of 60 months (range 14-91). 
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A trend of HCV RNA levels in the three groups parallelling the serum ALT levels can be seen, 
although it is statistically not significant. This trend can best be illustrated by individuals having 
HCV RNA loads above the detection limit of the bDNA assay (range, 3.8 x 105 to 1.2 x 107 

copies/ml) with serum ALT levels ranging from 1.0 to 246.1 U/liter, regardless of then load 
profiles (P > 0.1) (Fig. 4a/b). 
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Figure 4 a. Correlation between HCV RNA load and serum ALT level in the early phase during HCV 
infection. Each closed circle represents data from one sercconverter. The horizontal dashed bar shows the 
detection limit of the bDNA. Statistical analysis was performed with the Mann-Whitney test. 
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Figure 4b. Correlation between HCV RNA load and serum ALT level in the chronic phase during HCV 
infection. Each closed circle represents data from one seroconverter. The horizontal dashed bar shows the 
detection limit of the bDNA. Statistical analysis was performed with the Mann-Whitney test. 

Discussion 
Since HCV infection often persists in association with chronic hepatitis, it is appropriate to 
consider the natural history of HCV. We must determine what factors determine the clinical 
outcome of HCV infection and whether normalization of liver enzymes, with or without the 
presence of HCV RNA, is of any importance. The diagnosis and monitoring of HCV infection 
have become easier and more accurate with the quantitative and qualitative amplification tech
niques now available. However, the clinical relevance of the presence of HCV RNA, in correla
tion with serum ALT levels and HCV genotypes, is still not fully understood (18, 19). 

Our study shows a very high concordance, 98.9%, between the bDNA assay and our 
single-step RT-PCK Both assays target the same highly conserved region of HCV. The bDNA 
assay is highly reproducible and is unaffected by the genotypic variability of HCV (8); it is 
therefore a useful tool for monitoring HCV RNA levels throughout the course of disease. Our 
longitudinal monitoring of serum samples by bDNA and RT-PCR of 19 untreated HCV 
seroconverters revealed three distinct HCV RNA load profiles. In the groups with high and 
fluctuating HCV RNA loads, the mean HCV RNA load did not significantly differ. It is quite 
remarkable that HCV RNA levels can fluctuate significantly without treatment, as was earlier 
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described for HCV with a comparable frequency (33%) in untreated hemodialysis patients 
(26). This natural fluctuation of HCV RNA levels may be confusing in the treatment of HCV-
infected individuals, because testing of a single sample during treatment probably does not ac
curately reflect the antiviral effect of therapy. Long-term monitoring of patients for decreases 
in HCV RNA levels, along with serum ALT levels, is needed to evaluate the true efficacy of 
therapy. 

The correlation between HCV genotype and HCV RNA load remains controversial (11, 
12, 17). Various HCV genotypes have been identified (23) and seem to be associated with ei
ther benign or severe disease and sensitivity to IFN treatment (9). In this study, however, the 
different genotypes were distributed randomly among HCV RNA profiles in the 19 
seroconverters, suggesting that the three HCV RNA profiles are not influenced by the geno
types we found after seroconversion. 

Considering a direct relationship between HCV RNA load and increased hepatocellular 
damage (1, 26, 29), together with an increase in serum ALT levels to reflect inflammatory ac
tivity in the liver (4), one might expect a direct correlation between HCV RNA load and serum 
ALT levels. Therefore, it is important to know that the HCV RNA loads measured in serum 
reflect the HCV RNA loads present in the liver. Idrovo et aL (14) found a strong correlation 
between HCV RNA loads present in serum and liver biopsy samples from the left and right 
lobes. However, they found no significant correlation between the severity of hepatic damage 
and HCV RNA loads present in serum or liver samples in patients with chronic hepatitis. A 
recent study describing liver fibrosis progression in patients with chronic HCV also showed 
that virological factors in HCV infection are minor prognostic markers for liver disease pro
gression compared to male sex, excessive alcohol consumption, and age at infection (21). 
In our study, serum ALT levels differed significantly between the early and chronic phases of 
HCV infection; they rose in the early phase and fell below the upper limit of the normal range 
in the chronic phase. This probably points to active inflammation of the liver in the early phase, 
with normalization of liver functions, as measured by ALT levels, at the end of the follow-up 
period. Of the 16 subjects belonging to groups having high or fluctuating loads, all but 2 still 
had high HCV RNA loads (mean, 1.0 x 107 copies/ml), together with normalized serum ALT 
levels, at the end of the follow-up period. Alter et al. ( 1) noted that serum ALT and HCV RNA 
peaks were not simultaneous in some acute cases. They found an HCV RNA peak prior to 
peak serum ALT levels. For our study, this could mean that we might have missed serum ALT 
peaks in some individuals; however, we did find a correlation between peak serum ALT levels 
and the early stage of HCV seroconversion. In one chronic case, Alter et al. (1) found a paral
lel fluctuating pattern of both HCV RNA and serum ALT levels, suggesting a direct relation
ship between viral replication and liver damage in some patients. On the other hand, it is 
known that cellular immune responses, particularly those mediated by CD8+ cytotoxic T lym
phocytes, are important in the pathogenesis of HCV. Nelson et al. (20) pointed out that in pa
tients exhibiting cytotoxic T-lymphocyte activity, lower HCV RNA levels and more active liver 
disease were reflected by histological abnormalities and serum ALT levels. This might indicate 
immunologic control of HCV during infection by elimination of virus-infected cells, resulting in 
damaged liver tissue and increased ALT levels in serum Thus, these elevated levels probably 
reflect active liver inflammation mediated by the immune system Therefore, controversy re
mains regarding the importance of normalized serum ALT levels as a marker of normalization 
of liver function and the relationship of serum ALT levels to persistent HCV RNA loads during 
HCV infection. 

In summary, three distinct HCV RNA patterns were obtained, and a peak serum ALT 
level was found in the early stage of HCV infection. The predictive value of these patterns re
mains to be evaluated by long-term follow-up. 
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Abstract 
To gain insight in the natural history of HCV, 13 HTV seronegative injecting drug users were 
studied who seroconverted for HCV as determined by third generation ELISA, showed an en
suing antibody response to HCV, and were not treated with any antiviral drugs during follow-
up. Subjects included 13 untreated HTV-negative individuals of whom 5 (38.5%) apparantly 
cleared HCV and were PCR-negative in at least 3 consecutive samples, 3 (23.1%) showed 
transient viraemia and were PCR-negative in one sample during the study period, and the 
other 5 (38.5%) showed persistent viraemia. Viraemia was determined longitudinally by re
verse transcription (RT) PCR and quantified by branched-DNA (bDNA). HCV genotypes were 
determined on serial samples during follow-up. Quantitative antibody levels to core, NS3, 
NS4, and NS5 were determined using the Chiron RIBA™ HCV-titering Strip Immunoblot As
say, which is based on HCV genotype 1. The antibody responses to core, NS3, NS4, and NS5 
were erratic. In individuals infected with HCV genotype 1, significant higher median antibody 
responses to core (P=0.02) and to NS4 (P=0.04) were found as compared to those infected 
with other genotypes, showing a significant impact of HCV genotype-specificity of the assay. 
In groups infected with HCV genotype 1, significantly higher median NS3 antibody titers (2.61 
RI vs 0.38 RI; ,P=0.003) were found in the individuals with persistent viraemia than in those 
with apparent resolution of HCV RNA in blood. In groups infected with genotypes other than 
genotype 1, significantly higher median NS3 antibody titers (0.89 RI vs 0.03 RI; P=0.0004) 
and NS5 antibody titers (1.86 RI vs 0.01 RI; P=0.006) were found in the individuals with per
sistent viraemia than in those with apparent resolution of HCV RNA in blood. Individuals with 
viral persistence had higher HCV RNA loads with higher antibody responses as compared to 
individuals with apparent viral clearance from blood. Apparent viral clearance from blood was 
observed in an unexpected high percentage (38.5%), associated with a significant decrease of 
antibodies to NS3, independent of HCV genotype, as compared to individuals with persistent 
viraemia (P<0.005). Apparent viral clearance from blood with gradual loss of antibodies to 
various HCV proteins, independent of HCV genotype, was observed in 4 of the 5 individuals 
within approximately 1 year after HCV seroconversion, whereas 1 of these individuals appar
ently cleared the virus from blood with complete seroreversion. 
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Introduction 
Hepatitis C viras (HCV) is a major cause of acute hepatitis (1) and is widespread among inject
ing drag users, with up to 90 percent being positive for antibodies to HCV (2,3). HCV infec
tion progresses with an indolent course and remains benign in the first few years (4), but the 
majority (>50%) of HCV-infected individuals eventually develop chronic HCV infection. His
tologically, the chronic disease is commonly associated with liver necrosis, scarring, fibrosis, 
and cirrhosis. A further important sequela of HCV infection is the gradual progression to 
hepatocellular carcinoma in some patients (5-8). 

Although several studies have been carried out to define features of the humoral immune 
response to HCV (9-16), little is known about the dynamics of HCV-specific antibody re
sponses in humans, in relation to HCV genotype or persistence of viraemia. Multiple distinct 
episodes of acute hepatitis have been observed in injecting drag users (17), haemophiliacs (18), 
heamodialysed patients (19), in polytranfused thalassaemics (20). Lack of protective immunity 
against HCV, on rechallenge with homologous or heterologous HCV strains was also observed 
in chimpanzees (21). Mechanisms for maintaining viral persistence are unknown, but may be 
related to the presence of multiple variants, or quasispecies, that may occur both spontaneously 
and due to host immune pressure and escape immune surveillance. HCV genomes vary consid
erably not only from one isolate to another but also in the sequences derived over time from 
the same patient (22,23). 

We therefore undertook a longitudinal study to quantify antibody responses to core, NS3, 
NS4, and NS5 HCV proteins and compared the resulting antibody profiles as to HCV geno
type and persistence of viraemia in a cohort of HCV positive injecting drag users who re
mained HTV negative during the study period. 

Participants and Methods 

Participants 
The injecting drag users were recruited from a cohort started in December 1985 (24) and con
sisting of drag users living in Amsterdam and participating in the Amsterdam Cohort Studies 
on HTV and AIDS. In March 1996, we selected individuals who had been followed for at least 
3 years and seen at least 7 times (n=358) and 19 HCV seroconverters were identified as de
scribed elsewhere (25). 

Of these 19 HCV seroconverters, 10 remained HTV seronegative during the study period, 
whereas 3 seroconverted for HTV just before the end of follow-up. The average sampling inter
val among the 13 individuals during their HTV negative status was 4 months (range 1-12 
months), with an average of 16 time-points per patient (range 6-26 time-points), and with an 
average follow-up of 61 months (range 16-114). Serum and plasma samples were stored ini
tially at +4°C, then frozen at -20°C within 24 hours of collection and handling, and ultimately 
stored at -70°C. None of the subjects received antiviral therapy during follow-up. 

Serological data 
Sera were tested for the presence of antibodies to HCV by the third-generation Enzyme Immu
noassay (EIA 3.0; Abbott Laboratories, Chicago, Illinois, USA). All positive EIA 3.0 assays 
were confirmed by the third-generation Strip Immunoblot Assay (SIA RIBA™; Chiron Corpo
ration, Emeryville, California, USA). 

Antibodies to core, NS3, NS4, and NS5 proteins of HCV were quantified using the 
Chiron RIBA™ HCV titering Strip Immunoblot Assay which includes two levels of human IgG 
on each strip as internal controls. The lower limit of the assay was determined by calculating 
the mean of all negative measurements of each antibody plus 3 times the standard deviation. 
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The calculated lower limit for each antibody had a relative intensity (RI) of 0.07. The quantity 
of antibodies to HCV was expressed as relative intensity (RI) using the automated RIBA™ 
Processor System according to the manufacturer's manual. 

Sera were tested for the presence of antibodies to HTV-1 with commercial Enzyme Im
munoassay (EIA; Abbott Laboratories, Chicago, Illinois, USA) and confirmed by Western blot 
(Diagnostic Biotechnology, Herent, Belgium). All serological assays were performed according 
to the manufacturer's manual. 

Detection of HCV RNA by RT-PCR 
HCV RNA was isolated and detected using primers located in the highly conserved 5'-UTR 
region in a single reverse transcriptase (RT) PCR under conditions as earlier described else
where (25). For the PCR, the GeneAmp PCR carry-over prevention kit (Perkin Elmer Cetus, 
Branchburg, New Jersey, USA) was used to avoid contamination. 

A pool of HCV-positive serum was quantified by the branched DNA (bDNA) technology 
(Chiron Corporation) to a level of 1.6 x 106 HCV RNA copies/ml and hundred-fold dilutions 
of the quantified serum pool were used as positive controls. As negative controls, we used a 
pool of commercially available serum (seronegative for HTV, HBV and HCV) and TE 
(Tris/EDTA). All positive and negative controls were tested in parallel with the test samples 
throughout the procedure, starting with RNA extraction. The test samples were considered 
reliable when all positive and negative controls gave expected results. The sensitivity of the 
single RT-PCR was evaluated by serial twofold dilutions of the quantified pool of serum, and 
found to be approximately 103 HCV RNA copies/ml (results not shown). The single RT PCR 
usually rendered good duplicates unless very low levels of HCV RNA were present in the sam
ples. In such cases, the detection limit of the RT-PCR was reached, resulting in a plus/minus 
duplicate. 

Viral RNA quantification 
The HCV RNA load was determined longitudinally by the branched DNA (bDNA) signal am
plification assay 2.0 (Quantiplex™ HCV RNA, Chiron Corp., Emeryville, CA USA). All sam
ples were tested in duplicate. The viral load, expressed as HCV RNA copies/ml, was deter
mined by comparison with an external standard curve with a quantitation limit of 2.0 x 105 

HCV RNA copies/ml. The bDNA assay was performed according to the manufacturer's man
ual. 

Genotyping analysis 
HCV genotypes were determined on serial samples either by the HCV LiPa protocol (Line 
Probe Assay, LiPa, Innogenetics, Ghent, Belgium) (26), according to the manual, or by direct-
sequencing the products obtained by nested PCR of the 5'-UTR as previously described (25). 

Statistical methods 
The Mann-Whitney test was used for comparison of median values of HCV RNA levels and 
levels of all four quantified antibodies among various individuals and groups of individuals. 
Scatterplots were used to relate the distributions of HCV genotypes with the relative intensity 
of the four antibodies to HCV and HCV RNA load. A value of P < 0.05 was considered signif
icant. 
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Results 

Serial measurements of HCV antibody responses to core, NS3, NS4 andNS5 
After détermination of HCV seroconversions, quantitative HCV antibody responses to core, 
NS3, NS4 and NS5 proteins were measured from approximately 6 months before HCV 
seroconversion until the end of follow-up in 13 individuals. The average sampling interval 
among the 13 individuals during their HTV negative status was 4 months (range 1-12 months), 
with an average of 16 time-points per patient (range 6-26 time-points), with an average follow-
up of 61 months (range 16-114). Antibody titers to all 4 proteins were measured on serial sam
ples and plotted with HCV RNA levels as measured by PCR and bDNA. 

Relationship between antibody responses and viral persistence 
Serial samples for HCV antibodies and HCV RNA from 5 individuals with persistent viraemia, 
as determined by bDNA and PCR, were analyzed to evaluate their clinical course of HCV in
fection (Fig. la; 1114, 1123, 3059, 7030, and 7041). HCV RNA was consistently detected in 
all samples of these individuals. Antibodies to core, NS3, NS4, and NS5 were found in individ
uals 1114, 1123, and 7041. Viral persistence was erratic and not associated with HCV geno
type. However, the presence and moment of appearance of antibodies to HCV after infection 
varied among individuals with persistent viraemia, as follows: 

Individual 1114 raised antibodies to core, NS3, and NS4 within 7 months after infection 
with HCV genotype 1. After 18 months, HCV load dropped below the detection limit of 
bDNA assay for about 9 months but remained PCR-positive. Thereafter, the HCV load 
subsequentially rose followed with an antibody response to NS5 that remained persistently 
detectable together with HCV RNA and antibodies to core, NS3, and NS4. 

Individual 1123 had high levels of HCV RNA and raised antibodies to all 4 proteins 
within 4 months after being infected with HCV genotype 3a, and all remained persistently de
tectable. 

Individual 3059, infected with HCV genotype 3a, had an initially antibody response to 
NS3 and NS4, but no antibodies to NS5 were detected during follow-up. Antibodies to NS4 
dropped immediately after 4 months, whereas antibodies to NS3 remained present during 
follow-up. Antibodies to core were not detectable until 15 months after HCV seroconversion 
but thereafter remained detectable during follow-up. 

Individual 7030, who was infected with HCV genotype 3a, revealed high levels of HCV 
RNA and antibody responses to core, NS3, and NS5, but antibodies to NS4 were not raised at 
all during follow-up. His HCV RNA level decreased between approximately 48 and 52 months 
after HCV seroconversion whereas levels of antibodies to NS3 increased, accompanied with an 
apparent HCV reinfection with genotype 1. 

Individual 7041, who was initially infected with HCV genotype 3a, initially raised low 
levels of antibodies to NS3, NS4, and NS5. After approximately 13 months, these antibody 
responses rose and antibodies to core were found, apparently in response to HCV reinfection 
with genotype 1. 

All 5 individuals remained HCV RNA positive regardless of the humoral immune re
sponse to core, NS3, NS4 and NS5, suggesting that humoral responses to the proteins tested 
or the lack of a humoral response to these HCV proteins does not influence viral persistence. 
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Figure la Patterns of HCV viraemia and serological responses. Five individuals with persistent waemia. 
HCV viraemia was determined by RT-PCR and bDNA. PCR results are shown as plus or minus, whereas 
bDNA values are indicated by the bold line, expressed as HCV RNA copies/ml. The dotted Une represents 
the detection limit of the bDNA assay. The open bar indicates EIA 3.0 results and quantitative antibody 
levels to core (circle), NS3 (star), NS4 (diamond), and NS5 (triangle) are indicated and expressed as rela
tive intensities. 
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Relationship between antibody responses to core, NS3, NS4, and NS5 and decline ofHCV 
RNA levels in blood to undetectable levels 
Eight individuals showed transient HCV viraemia or reduction of viral load in blood to unde
tectable levels: 0073, 0146, 1085, 1102, 1213, 3006, 3009, and 7095 (Fig. lb). Systemic viral 
clearance in blood, or resolution of HCV infection, was assumed if 3 or more consecutive sam
ples were HCV RNA negative, a finding in 5 (5 of 13 or 38.5 %) individuals: 0073, 0146, 
1085, 3009, and 7095 (Fig lb). Apparent resolution of HCV infection was not related to HCV 
genotype. 

Individual 0073, who was infected with HCV genotype 1, showed transient HCV virae
mia with low HCV RNA levels throughout follow-up, whereas high antibody responses to all 4 
antigens was observed. Apparent reinfection with HCV genotype 1 occurred after 9 months 
and HCV RNA was detectable by PCR in the following 4 samples. Thereafter, HCV RNA was 
undetectable in serial samples for about 2,5 years. Subsequently, an apparently new infection 
occurred, again with HCV genotype 1. This was accompanied by HTV infection as indicated by 
HTV seroconversion between the last HCV RNA-negative sample and the next HCV RNA-
positive sample. 

Individual 0146, who was infected with HCV genotype 4, without measurable HCV RNA 
levels by bDNA throughout follow-up, showed antibody responses to core, NS3, and NS4 at 
low levels. After seroconversion, HCV genotype 3a was found transiently in the next 5 sam
ples, taken over about 20 months. After this period, HCV RNA was undetectable by PCR in 
any sample for the next 4.5 years of follow-up, and only antibodies to core remained detect
able. 

Individual 1085, infected with HCV genotype 2, without measurable HCV RNA levels by 
bDNA throughout follow-up, seroconverted and antibody responses to core and NS4 were 
measurable at low levels. HCV genotype 1 was found in the next sample after seroconversion 
and apparent clearance of the virus was observed for the next 13 months of study period. 

Individual 3009, infected with HCV genotype 3a, had antibodies to core and NS3 at low 
levels that dropped gradually. Apparent viral clearance was observed, and HCV reinfection 
occurred with genotype 1. HCV RNA was then detectable for 4 months but thereafter, HCV 
RNA was undetectable for 17 months. Seroreversion occurred, and antibodies to HCV disap
peared for approximately 40 months. In this antibody-undetectable period, a reinfection was 
detected by PCR and bDNA but no HCV antibody response was seen. A second HCV 
seroconversion occurred due to either reactivation or reinfection with HCV genotype 1, lead
ing to antibody responses to core, NS3, and NS4. 

Individual 7095, who had a double infection with HCV genotypes 1 and 3a, raised anti
bodies to NS3 and NS4 and apparently cleared both viruses within 10 months. Reinfection with 
HCV genotype 1 (or its reactivation) occurred after 15 months, and HCV RNA was detectable 
by PCR in 1 sample and was undetectable for the next 18 months in serial samples. Thereafter, 
reinfection or reactivation of HCV genotype 1 occurred, antibodies to core and NS5 were 
raised and both HCV RNA load and antibodies to NS3 and NS4 increased. 

70 



0073 0148 

10-• 
+ 
2 

+ 
1 

I 10'-

f 
I * -
<aio l /£* * ' i 

-10 0 10 20 » 10 KO 10 70 tO 

Urne In nwntfii 

Figure lb. Patterns of HCV viraemia and serological responses. Eight individuals with transient and ap
parent viraemia. HCV viraemia was determined by RT-PCR and bDNA. PCR results are shown as plus 
or minus, whereas bDNA values are indicated by the bold line, expressed as HCV RNA copies/ml. The 
dotted line represents the detection limit of the bDNA assay. The open bar indicates EIA 3.0 results and 
quantitative antibody levels to core (circle), NS3 (star), NS4 (diamond), and NS5 (triangle) are indicated 
and expressed as relative intensities. 
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Relationship between HCV-specific antibody responses and HCVgenotypes 
Among the 13 HCV seroconverters, no relation was found between HCV genotype and the 
initial presence or absence of antibody response to particular HCV genotypes. Considering an
tibody responses to HCV to be genotype-specific and acknowledging that the antigens used in 
the Chiron RIB A™ HCV titering Strip Immunoblot Assay are derived from HCV genotype 1, 
antibody responses were compared in samples of individuals infected solely with HCV geno
type 1 versus samples of individuals infected with other HCV genotypes. 

In the 13 HCV seropositive individuals, 4 individuals were infected with genotype 1 
(0073,1102, 1114, and 3006), whereas 8 individuals were infected with other single genotypes 
(0146, 1085, 1123, 1213, 3009, 3059, 7030, and 7041) and 1 individual (7095) had a double 
infection with genotype 1 and 3 a. For statistical analyses, we calculated the median antibody 
responses to all 4 HCV proteins in samples with known HCV genotype of every HCV-infected 
individual. All median antibody titers to core, NS3, NS4, and NS5 were higher in individuals 
infected with HCV genotype 1 as compared to median antibody titers found in individuals in
fected with other HCV genotypes, but only median HCV antibody responses to core (P=0.02) 
and NS4 (P=0.04) in individuals infected with HCV genotype 1 were significantly higher as 
compared to individuals infected with other HCV genotypes (Fig. 2). 
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Figure 2. Scattergram of antibody responses to core, NS3, NS4, and NS5 in individuals initially infected 
with HCV genotype 1 in comparison to individuals infected with other HCV genotypes. Median values 
are indicated by short horizontal bars. Statistical analysis was done using the Mann-Whitney test for 
comparison of groups. A value of PO.05 was considered to be significant. 
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This suggests more variation in immunogenic core and NS4 B-cell epitopes relative to NS3 
and NS5. To confirm that immunodominant epitopes, previously pubhced by others (27-34), 
were indeed type-specific in all 4 proteins used in the Chiron RIBA™ HCV titering Strip 
Immunoblot Assay, we performed amino acid alignments of all 4 proteins for different HCV 
genotypes. The short synthetic peptides of the NS4 (Fig. 3a) and core (Fig. 3b) region used in 
the assay show, especially in NS4, significant epitope variability between different genotypes. 
Conversely, NS3 (Fig. 3b) and NS5 (Fig. 3c), which show high sequence diversity among 
HCV subtypes and HCV genotypes, displayed a higher degree of cross-reactivity than both 
core and NS4 between heterologous genotypes. This finding may reflect the presence of re
combinant proteins of NS3 and NS5 in the RIBA™ assay, which cover approximately the 
whole region of both NS3 and NS5 containing multiple epitopes. 
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Figure 3b. Comparison of amino acids of HCV genotypes 1 to 3 in core and NS3. Identical residues are 
indicated by -. The proteins used in the RIBA™ assay are indicated by the box. The immunogenic 
epitopes and regions of published sequences are indicated. 
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Figure 3c-l. Comparison of amino acids of HCV genotypes 1 to 3 in NS5. Identical residues are indicated 
by -. The proteins used in the RIBA™ assay are indicated by the box. The immunogenic epitopes and 
regions of published sequences are indicated. 
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Figure 3c-2. Comparison of amino acids of HCV genotypes 1 to 3 in NS5. Identical residues are indicated 

by -. The proteins used in the RIBA™ assay are indicated by the box. The immunogenic epitopes and 

regions of published sequences are indicated. 
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Statistical analysis ofHCV levels and antibody profiles in individuals with persistent virae-
mia versus individuals with apparent resolution ofHCVRNA in blood 
Samples with known HCV load, known HCV genotype, and known antibody responses to 
core, NS3, NS4, and NS5 were analyzed and used to compare individuals with persistent virae-
mia (n=5) and individuals with apparent resolution of HCV RNA in blood (n=5). To avoid the 
genotype-specificity bias of the Chiron RIBA™ HCV titering Strip Immunoblot Assay, we 
compared groups of individuals infected with the same HCV genotype. In the group infected 
with genotype 1, the subgroup with persistent viraemia had significantly higher median HCV 
loads (2.7 x 106 HCV RNA/ml vs <0.2 x 105 HCV RNA/ml; /><0.0001). In the group with 
apparent resolution of HCV RNA in blood and infected with HCV genotype 1, median anti
body titers of NS3 were significantly decreased as compared to the group with persistent virae
mia (0.38 RI vs 2.61 RI; /"=0.003), whereas median antibody titers to core, NS4, and NS5 
were not statistically different between the 2 groups (Fig.4a). 
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Figure 4a. Scattergram of antibody responses to core, NS3, NS4, and NS5 in individuals infected with 
HCV genotype 1 with persistent viraemia in comparison to individuals infected with HCV genotype 1 
with apparent viral clearance from blood. Median values are indicated by short horizontal bars. The dotted 
line represents the detection limit of the bDNA assay. Statistical analysis was done using the Mann-
Whitney test for comparison of groups. A value of PO.05 was considered to be significant. 

In the group with apparent HCV RNA resolution infected with genotypes other than HCV 
genotype 1, median antibody titers of NS3 (0.03 RI vs 0.89 RI; P=0.0004) and median anti-
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body titers to NS5 (0.01 RI vs 1.86 RI; P=0.006) were significantly lower as compared to the 
group with persistent viraemia, whereas median antibody titers to core and NS4 were not sta
tistically different between the 2 groups (Fig. 4b). 
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Figure 4b. Scattergram of antibody responses to core, NS3, NS4, and NS5 in individuals infected with 
HCV genotypes other than 1 with persistent viraemia in comparison to individuals infected with HCV 
genotype 1 with apparent viral clearance from blood. Median values are indicated by short horizontal 
bars. The dotted line represents the detection limit of the bDNA assay. Statistical analysis was done using 
the Mann-Whitney test for comparison of groups. A value of PO.05 was considered to be significant. 
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Although less stronger, these differences remained significant when individuals with only 1 
HCV RNA negative time-point (1102, 1213, and 3006) were included in the subgroup with 
apparent HCV resolution. Median HCV loads, were regardless of HCV genotype, significantly 
higher in the groups with persistent viraemia as compared to the group with apparent viral 
clearance from blood (P<0.0001). and significantly higher median NS3 antibody titers (2.61 RI 
vs 0.55 RI; P=0.02) than the subgroup with apparent resolution of HCV RNA in blood. Me
dian antibody titers to core, NS4, and NS5 were not statistically different between the 2 sub
groups (Fig. 5 a). 
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Figure 5a. Scattergram of antibody responses to core, NS3, NS4, and NS5 in individuals infected with 
HCV genotype 1 with persistent viraemia in comparison to individuals infected with HCV genotype 1 
with transient or apparent viral clearance from blood (including 1102, 1213, 3006). Median values are 
indicated by short horizontal bars. The dotted Une represents the detection limit of the bDNA assay. Sta
tistical analysis was done using the Mann-Whitney test for comparison of groups. A value of PO.05 was 
considered to be significant. 
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In groups infected with genotypes other than genotype 1, significantly higher median HCV 
loads (6.4 x 106 HCV RNA/ml vs <0.2 x 105 HCV RNA/ml; P<0.0001), significantly higher 
median NS3 antibody titers (0.89 RI vs 0.03 RI; P=0.0015), and significantly higher median 
NS5 antibody titers (1.86 RI vs 0.01 RI; F=0.01) were found in the individuals with persistent 
viraemia than in those with apparent resolution of HCV RNA in blood. Median antibody titers 
to core and NS4 were not statistically different between the 2 subgroups (Fig. 5b). 
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Figure 5b. Scattergram of antibody responses to core, NS3, NS4, and NS5 in individuals infected with 
HCV genotypes other than 1 with persistent viraemia in comparison to individuals infected with HCV 
genotypes other than 1 with transient or apparent viral clearance from blood (including 1102, 1213, 
3006). Median values are indicated by short horizontal bars. The dotted line represents the detection limit 
of the bDNA assay. Statistical analysis was done using the Mann-Whitney test for comparison of groups. 
A value of P<0.05 was considered to be significant. 

Discussion 
Acute HCV is heralded by detectable HCV RNA in serum, usually followed by an antibody 
response to HCV after a certain incubation period. Occasionally acute HCV is followed by the 
disappearance of HCV RNA leading to a resolved infection. Despite detectable antibody re
sponses to various proteins, apparently the majority of HCV infected individuals develop 
chronic HCV infection. The factors that lead to chronic HCV infection with lacking protective 
properties of antibody responses are not well defined, but the quasispecies nature of HCV 
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probably plays an important role in escaping the immune system (22,35-39). Most studies have 
attempted to correlate antibody responses with the presence of HCV RNA and a particular 
HCV genotype, using antibody assays at single time-points without any quantitative data 
(9-16). Quantitative data of HCV-specific antibody responses were determined on serial sam
ples of 13 HCV seroconverters. To better understand the various clinical profiles that emerged, 
the quantitative antibody responses were related to HCV genotypes and viraemia. 

In all 13 individuals, there was an antibody response to at least two proteins. The highest 
antibody responses were raised to NS4, whereas responses to NS5 were generally the lowest 
and the most likely to be missing. This may confirm that NS4 is the most immunogenic protein 
(40). The analysis of antibody responses with respect to HCV genotypes revealed a difference 
between genotype 1 and other genotypes. The median antibody responses to all four proteins 
showed a higher trend in individuals infected with HCV genotype 1 than in individuals infected 
with other genotypes. Moreover, median antibody responses to core and NS4 were signifi
cantly higher in individuals infected with HCV genotype 1. Since it is well known that RJBA™ 
assays are based on HCV genotype 1, these differences in antibody responses could be an arti
fact of the assay. Several studies show, that serotyping is possible using immunodominant 
epitopes of core and NS4. Core serotyping was based on the following regions: amino acid 
(aa) 1-140 (30), both aa 39-74 and aa 65-81 (28), and spanning aa 67-81 (41). For NS4, 
serotyping was based on 2 major antigenic regions that were highly variable between HCV ge
notypes: aa 1691-1728 and 1710-1728 (27). Our alignments of amino acids in these regions, as 
used in the RJBA™ assay, of both core and NS4 revealed genotype-specific sequences, espe
cially in the 5-1-lp peptide. Although the core region of HCV is the most conserved region 
used in the RJBA™ assay, we observed that even antibody titers to core were influenced by the 
HCV genotype-specificity of the assay. Conversely, NS3 and NS5, which show high sequence 
diversity among HCV subtypes and HCV genotypes, displayed a higher degree of cross-reac
tivity than both core and NS4 between heterologous genotypes. This finding may reflect the 
presence of recombinant proteins of NS3 and NS5 in the RJBA™ assay, which cover approxi
mately the whole region of both NS3 and NS5 containing multiple epitopes. Hwang et al. (42) 
found different linear immunoreactive regions within the middle portion of the NS3 region, 
spanning aa 1251-1498, whereas Khudyakov (31) found 22 immunoreactive peptides (70% of 
all immunoreactive NS5 peptides) at the carboxyl terminus of NS5, thus recognition of shared 
epitopes in NS3 and NS5 may be evident. We and others have proposed that the RJBA™4 as
says probably are suboptimal for screening of populations infected with HCV genotypes other 
than genotype 1 (41,43-45). 

Viral persistence was found independent of HCV genotype and particular humoral im
mune responses, suggesting that antibodies to core, NS3, NS4, and NS5 have no protective 
properties. The algorithm for virological remission from blood was defined if 3 or more con
secutive samples were HCV RNA-negative as measured by RT-PCR, our finding in an unex
pectedly high number of 5 individuals (38.5%). However, levels below the sensitivity of the 
RT-PCR may exist, and the virus may persist in these individuals at low levels and definitive 
proof of viral clearance from blood, still has to be addressed by more sensitive methods. More
over, if viral clearance from blood actually exists, does this also reflects the situation in the 
liver which is considered to be the main HCV reservoir? 

However, transient HCV RNA levels or apparent virological remission observed in these 
individuals, was correlated with a significant reduction of NS3 antibody titers, independent of 
HCV genotype, as compared to individuals with persistent viraemia. Moreover, in these indi
viduals infected with HCV genotypes other than genotype 1, the reduction of NS3 antibody 
titers was even more significant and accompanied with a significant reduction of NS5 antibody 
titers. With one exception (0073), all of our subjects with resolving HCV infection had unde-
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tectable antibodies to NS5 throughout follow-up, whereas antibodies to NS3 were undetect
able in 1 individual (1085) and decreased significantly in the other 3 individuals (0146, 3009, 
7095). These findings suggest that NS3 and NS5 antibody titers may be a marker for chronic-
ity, as recently was found in a study with experimentally infected chimpanzees (46). The com
plete disappearance of antibodies to HCV, or seroreversion observed in individual 3009, was 
earlier described in immunocompetent patients without antiviral-therapy and was accompanied 
by virological and clinical resolution (20,47-49). 

In 6 individuals (0073, 1102, 1213, 3006, 3009, 7095), HCV infection was transient. 
These subjects were either reinfected with HCV of the same or another genotype, or possibly 
the initial HCV was reactivated. Recurrence of HCV infection in chimpanzees (21) and in 
polytransfused thalassaemic children (20) has been shown to result from reinfection and not to 
reactivation of the initial HCV infection. However, among our subjects in whom the same 
HCV genotype was found after apparent clearance of the initial HCV infection, a reinfection 
can not be ruled out because genotyping was based on the highly conserved 5'-UTR, using 
Innolipa or direct sequencing without cloning. Injecting drag users (17) and also haemophiliacs 
(18), haemodialysed patients (19), and polytranfused thalassaemics (20) are known to be at 
high risk fore exposure to HCV through reinfections, with multiple distinct episodes of acute 
HCV. Chimpanzees have been super infected with homologous and heterologous HCV strains 
having intermittent and low replication rates (50), and HCV is known to circulate as a 
quasispecies both in vitro and in vivo (51,52). Therefore, an individual infected with HCV may 
not harbour a single virus strain but a mixture of related strains. Such a mixture could lead to 
the rapid emergence of viruses that can escape the immune system The finding of transient 
HCV RNA of different genotypes may not indicate reinfection but the outgrowth of a strain 
may have occurred. 

In summary, this study shows that antibody responses to core and NS4 are influenced by 
the antigenic variation of HCV. In our subjects, the antibody responses to core, NS3, NS4, and 
NS5 were erratic and not protective. In general, individuals with viral persistence had higher 
HCV RNA loads with higher overall antibody responses then individuals with apparent viral 
clearance. Apparent viral clearance was observed in an unexpected high percentage, associated 
with a significant decrease of NS3 and NS5 antibody titers as compared to individuals with 
persistent viraemia. Of this group, apparent viral clearance with gradual loss of antibodies to 
the various HCV proteins occurred in 4 individuals within approximately 1 year after HCV 
seroconversion, whereas 1 of these individuals apparently cleared the virus from blood with 
complete seroreversion.These findings suggest that NS3 and NS5 antibody titers may be a 
marker for chronicity and an alternative for monitoring efficacy of HCV therapy. 

Acknowledgments 
The authors thank Lucy Phillips for editorial review, Michel Klein and Marjolein Damen for 
identifying some of the HCV seroconverters, and Gerrit-Jan Weverling for discussing statistical 
analyses. This work was supported by the Health Research and Development Council (28-
2370), and was done as part of the Amsterdam Cohort Studies on HTV and AIDS. A collabo
ration between the Academic Medical Center, the Central Laboratory of the Netherlands Red 
Cross Blood Transfusion Service, and the Municipal Health Service, Amsterdam, The Nether
lands. 

82 



References 
1. Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton M Isolation of a cDNA clone derived 

from a blood-borne non-A, non-B viral hepatitis genome. Science 1989;244:359-362. 
2. Thomas DL, Vlahov D, Solomon L, Conn S, Taylor E, Garfein R, Nelson KE. Correlates of hepatitis C virus 

infections among injecting drug users. Medicine 1995;74:212-220. 
3. van den Hoek JAR, Goudsmit J, de Wolf F, Coutinho RA. Prevalence, incidence and risk factors of hepatitis 

C virus infection among drug users in Amsterdam. J Inf Dis 1990;162:823-826. 
4. Eyster ME, Diamondstone LS, Lien JM, Ehmann WC, Quan S, Goedert JJ. Natural history of hepatitis C vi

rus infection in multitransfused hemophiliacs: effect of coinfection with human immunodeficiency virus. The 
Multicenter Hemophilia Cohort Study. J Acquir Imm Def Syndr 1993;6:602-610. 

5. Esteban R Epidemiology of hepatitis C virus infection. J Hepatol 1993;17:Suppl 3:S67-71. 
6. De Mitri MS, Poussin K, Baccarini P, Pontisso P, DErrico A, Simon N, Grigioni W, Alberti A, Beaugrand 

M, Pisi E, Brechot C, Paterlini P. HCV-associated liver cancer without cirrhosis. Lancet 1995;345:413-415. 
7. Saito I, Miyamura T, Ohbayashi A, Harada H, Katayama T, Kikuchi S, Watanabe Y, Koi S, Onji M, Ohta Y, 

Choo QL, Hughton M, Kuo G Hepatitis C virus infection is associated with the development of 
hepatocellular carcinoma. Proc Natl Acad Sei U S A 1990;87:6547-6549. 

8. Alter MJ, Margolis HS, Krawczynski K, Judson FN, Mares A, Alexander WJ, Hu PY, Miller JK, Gerber 
MA, Sampliner RE, Meeks EL, Beach MJ, Sentinel county chronic non-A nh. The natural history of commu
nity-acquired hepatitis C in the United States. N Engl J Med 1992;327:1899-1905. 

9. Pawlotsky JM, Bastie A, Pellet C, Remire J, Darthuy F, Wolfe L, Sayade C, Duval J, Dhumeaux D. Signifi
cance of indeterminate third-generation hepatitis C virus recombinant immunoblot assay. J Clin Microbiol 
1996;34:80-83. 

10. Dow BC, Buchanan I, Munro H, FoUett EAC, Davidson F, Prescott LE, Yap PL, Simmonds P. Relevance of 
RIBA-3 supplementary test to HCV PCR positivity and genotypes for HCV confirmation of blood donors. J 
Med Virol 1996;49:132-136. 

11. Dow BC, Munro H, Buchanan I, Follert EAC, Davidson F, Yap PL, Simmonds P. Third-generation recombi
nant immunoblot assay: comparison of reactivities according to hepatitis C virus genotype. Transfusion 
1996;36:547-551. 

12. Ragni MV, Ndimbie OK, Rice EO, Bontempo FA, Nedjar S. The presence of hepatitis C virus (HCV) anti
body in human immunodeficiency virus-positive hemophilic men undergoing HCV "seroreversion". Blood 
1993;82:1010-1015. 

13. Marcellin P, Martinot-Peignoux M, Elias A, Branger M, Courtois F, Level R, Erlinger S, Benhamou JP. Hep
atitis C virus (HCV) in human immunodeficiency virus-seronegative and-seropositive patients with indeter
minate recombinant immunoblot assay. J Infect Dis 1994;170:433-435. 

14. van der Poel CL, Reesink HW, Lelie PN, Leentvaar-Kuypers A, Choo QL, Kuo G, Houghton M. 
Anti-hepatitis C antibodies and non-A, non-B posttransfusion hepatitis in the Netherlands. Lancet 
1989;2:297-298. 

15. Sansonno D, Dammacco F. Antibodies to hepatitis C virus in non-A, non-B post-transfusion and cryptogenic 
chronic liver disease. Lancet 1989;2:798-799. 

16. Puoti M, Zonaro A, Ravaggi A, Marin MG, Castelnuovo F, Cariani E. Hepatitis C virus RNA and antibody 
response in the clinical course of acute hepatitis C virus infection. Hepatology 1992;16:877-881. 

17. Mosley JM, Redeker AG, Feinstone SM, Purcell RH. Multiple hepatitis viruses in multiple attacks of acute 
viral hepatitis. N Engl J Med 1977;296:75-78. 

18. Hruby MA, Schauf V. Transfusion-related short-incubation hepatitis in hemophilic patients. JAMA 
1978;240:1355-1357. 

19. Galbraith RM, Dienstag JL, Purcell RH, Gower PH, Zuckerman AJ, Williams R Non-A, non-B hepatitis 
associated with chronic liver disease in a haemodialysis unit. Lancet 1979;i:951-953. 

20. Lai ME, Mazzoleni AP, Argiolu F, De Virgilis S, Balestrieri A, Purcell RH, Cao A, Farci P. Hepatitis C virus 
in multiple episodes of acute hepatitis in polytransfused thalassaemic children. Lancet 1994;343:388-390. 

21. Farci P, Alter HJ, Govindarajan S, Wong DC, Engle R, Lesniewski RR, Mushahwar DC, Desai SM, Miller 
RH, Ogata N, et al. Lack of protective immunity against reinfection with hepatitis C virus. Science 
1992;258:135-140. 

22. Bukh J, Miller RH, Purcell RH. Genetic heterogeneity of hepatitis C virus: quasispecies and genotypes. Sem
inars in Liver Disease 1995;15:41-63. 

23. Ogata N, Alter HJ, Miller RH, Purcell RH. Nucleotide sequence and mutation rate of the H strain of hepatitis 
C virus. Proc Natl Acad Sei U S A 1991;88:3392-3396. 

24. van den Hoek JAR, Coutinho RA, van Haastrecht HJ, van Zadelhoff AW, Goudsmit J. Prevalence and risk 
factors of HIV infections among drug users and drug-using prostitutes in Amsterdam. AIDS 1988;2:55-60. 

83 



25. Beid M, Penning M, McMorrow M, Gorgels J, van de Hoek A, Goudsmit J. Different hepatitis C virus 
(HCV) RNA load profiles following seroconversion among injecting drug users without correlation with 
HCV genotype and serum alanine aminotransferase levels. J Clin Microbiol 1998;36:872-877. 

26. Stuyver L, Rossau R, Wyseur A, Duhamel M, Vanderborght B, Van Heuverswyn H, Maertens G. Typing of 
hepatitis C virus isolates and characterization of new subtypes using a line probe assay. J Gen Virol 
1993;74:1093-1102. 

27. Simmonds P, Rose KA, Graham S, Chan SW, McOmish F, Dow BC, Follett EAC, Yap PL, Marsden. Map
ping of serotype-specific, immunodominanat epitopes in the NS-4 region of hepatitis C virus (HCV): use of 
type-specific peptides to serologically differentiate infections with HCV types 1, 2, and 3. J Clin Microbiol 
1993;31:1493-1503. 

28. Machida A, Ohnuma H, Tsuda F, Munekata E, Tanaka T, Akahane Y, Okamoto H, Mishiro S. Two distinct 
subtypes of hepatitis C virus defined by antibodies directed to the putative core protein. Hepatology 
1992;16:886-891. 

29. Wienhues U, Ihlenfeldt HG, Seidel C, Schmitt U, Kraas W, Jung G. Characterization of a linear epitope in 
the nonstructural region 4 of hepatitis C virus with reactivity to seroconversion antibodies. Virology 
1998;245:281-288. 

30. Neville JA, Prescott LE, Bhattacherjee V, Adams N, Pike I, Rodgers B, El-Zayadi A, Hamid S, Dusheiko G, 
Saeed AA Haydon GH, Simmonds P. Antigenic variation of Core, NS3, and NS5 proteins among genotypes 
of hepatitis C virus. J Clin Microbiol 1997;35:3062-3070. 

31. Khudyakov YU, Khudyakov NS, Jue DL, Lambert SB, Fang S, Fields HA Linear B-cell epitopes of the 
NS3-NS4-NS5 proteins of the hepatitis C virus as modeled with synthetic peptides. Virology 
1995;206:666-672. 

32. Sällberg M, Rüden U, Wahren B, Magnius LO. Antigenic regions within the hepatitis C virus envelope 1 and 
non-structural proteins: identification of an IgG3-restricted recognition site within the envelope 1 protein. 
Clinical & Experimental Immunology 1993;91:489-494. 

33. Cerino A Mondelli M. Identification of an immunodominant B cell epitope on the hepatitis C virus nonstruc
tural region defined by human monoclonal antibodies. J Immunol 1991;147:2692-2696. 

34. Rosa C, Osborne S, Garetto F, Griva S, Rivella A, Calabresi G, Guaschino R, Bonelli F. Epitope mapping of 
the NS4 and NS5 gene products of hepatitis C virus and the use of a chimeric NS4-NS5 synthetic peptide for 
serodiagnosis. J Vir Methods 1998;55:219-232. 

35. Koizumi K, Enomoto N, Kurosaki M, Murakami T, Izumi N, Marumo F, Sato C. Diversity of quasispecies in 
various disease stages of chronic hepatitis C virus infection and its significance in interferon treatment. 
Hepatology 1995;22:30-35. 

36. Kao JH, Chen PJ, Lai MY, Wang TH, Chen DS. Quasispecies of hepatitis C virus and genetic drift of the 
hypervariable region in chronic type C hepatitis. Journal of Infectious Diseases 1995;172:261-264. 

37. Kurosaki M, Enomoto N, Marumo F, Sato C. Evolution and selection of hepatitis C virus variants in patients 
with chronic hepatitis C. Virology 1994;205:161-169. 

38. Enomoto N, Kurosaki M, Tanaka Y, Marumo F, Sato C. Fluctuation of hepatitis C virus quasispecies in per
sistent infection and interferon treatment revealed by single-strand conformation polymorphism analysis. J 
Gen Virol 1994;75:1361-1369. 

39. Fishman JA, Rubin RH, Koziel MJ, Periera B J. Hepatitis C virus and organ transplantation. Transplantation 
1996;62:147-154. 

40. Botarelli P, Brunetto MR, Minutello MA, Calvo P, Unutmaz D, Weiner AJ, Choo QL, Shuster JR, Kuo G, 
Bonino F, Houghton M, Abrignani S. T-lymphocyte response to hepatitis C virus in different clinical courses 
of infection. Gastroenterology 1993;104:580-587. 

41. Mondelli MU, Cerino A, Bono F, Cividini A Maccabruni A, Arico M, Malfitano A Barbarini G, Piazza V, 
Minoli L, Silini E. Hepatitis C virus (HCV) Core serotypes in chronic HCV infection. J Clin Microbiol 
1994;32:2523-2527. 

42. Hwang LH, Yang PM, Lai MY, Chiang BL, Kao JH, Wang JT, Lee SY, Chian HM, Chi WK, Chu YD, Chen 
PJ, Chen DS. Identification of humoral antigenic determinants in the hepatitis C virus NS3 protein. J Inf Dis 
1996;174:173-176. 

43. ZhangZX, Yun ZB, Chen M, Sonnerborg A, Sallberg M. Evaluation of a multiple peptide assay for typing of 
antibodies to the hepatitis C virus: relation to genomic typing by the polymerase chain reaction. J Med Virol 
1995;45:50-55. 

44. Dixit V, Quan S, Martin P, Brezina M, DiNello R, Sra K, Lau JYN, Chien D, Kolberg J, Tagger A Davis G, 
Polito A, Gitnick G. Evaluation of a novel serotyping system for hepatitis C virus: Strong correlation with 
standard genotyping methodologies. J Clin Microbiol 1995;33:2978-2983. 

84 



45. Beid M, Penning M, van Putten M, van den Hoek A, Lukashov.V., McMorrow M, Goudsmit J. Hepatitis C 
serotype-specific Core and NS4 antibodies in injecting drug users participating in the Amsterdam cohort 
studies. J Clin Microbiol 1998;36:3002-3006. 

46. Basse« SE, Brasky KM, Lanford RE. Analysis of hepatis C virus-inoculated chimpanzees reveals unex
pected clinical profiles. J Virol 1998;72:2589-2599. 

47. Tan D, Im SW, Peng WW, Ng MH. Follow-up study of acute hepatitis C. Archives of Virology 
1994;138:71-84. 

48. Lefrère J-J, Guiramand S, Lefrere F, Mariotti M, Aumont P, Lerable J, Petit J, Girot R, Morand-Joubert L. 
Full or partial seroreversion in patients infected by hepatitis C virus. J Infect Dis 1997; 175:316-322 

49. Aquilar C, Lucia JF. Anti-HCV seroreversion in HIV-negative haemophiliacs. Br J Haematol 
1996;93:497-498. 

50. Okamoto H, Mishiro S, Tokita H, Tsuda F, Miyakawa Y, Mayumi M Superinfection of chimpanzees carry
ing hepatitis C virus of genotype Il/lb with that of genotype III/2a or I/la. Hepatology 1994;20:1131-1136. 

51. Shimizu YK, Hijikata M, Iwamoto A, Alter HJ, Purcell RH, Yoshikura H. Neutralizing antibodies against 
hepatitis C virus and the emergence of neutralization escape mutant viruses. J Virol 1994;68:1494-1500. 

52. Farci P, Alter HJ, Wong DC, Miller RH, Govindarajan S, Engle R, Shapiro M, Purcell RH. Prevention of 
hepatitis C virus infection in chimpanzees after antibody-mediated in vitro neutralization. Proc Natl Acad Sei 
USA 1994;91:7792-7796. 

85 





Chapter 

5 

Hepatitis C Virus Serotype-Specific Core and NS4 Antibodies in Injecting 
Drug Users Participating in the Amsterdam Cohort Studies 

Marcel Beid,1'* Maarten Penning,1 Marieke van Putten,1 Anneke van den Hoek,2 Vladimir 
Lukashov,1 Martin McMorrow,3 and Jaap Goudsmit1. 

Department of Human Retrovirology, Academic Medical Centre, University of Amsterdam,1 

Chiron Diagnostics,3 and Department of Public Health and Environment, Municipal Health 
Service,2 Amsterdam, The Netherlands. 

•Present address: Department of Medical Microbiology, Academic Medical Centre, 
University of Amsterdam, Meibergdreef 15, 1105 AZ, Amsterdam, The Netherlands. 

Phone: 020-5665346, fax: 020-5669215, Email: M.Beld@AMC.UvA.NL 

Journal of Clinical Microbiology, October 1998;36:3002-3006. 

87 

mailto:M.Beld@AMC.UvA.NL




Abstract 
In the present study, the RIB A HCV serotyping SIA was evaluated with a cohort of injecting 
drug users. Serotyping may be a rapid and cost-effective method of determining genotypes in 
cohort studies. In this study, hepatitis C virus (HCV) antibody-positive sera from a cohort of 
331 chronically infected injecting drug users, of which 167 were coinfected with human 
immunodeficiency virus (HTV), were serotyped by the R1BA HCV Serotyping SIA. Among the 
331 specimens, serotype-specific antibodies were detected in 250 (sensitivity, 75.5%), in which 
serotype 1 was predominant (57.2%), followed by serotype 3 (26.8%). Among the 331 speci
mens, 164 were HTV negative, and serotype-specific antibodies were detected in 151 (sensitiv
ity, 92.1%), in which serotype 1 was predominant (59.6%), followed by serotype 3 (33.8%). 
For a subset of 58 samples taken from 19 chronically infected HCV seroconverters with a 
mean follow-up of 5 years, serotypes were compared with genotypes, which were determined 
by a line probe assay (HCV LiPa) and by direct sequencing of the products obtained by nested 
PCR of the 5' untranslated region. Among the 58 samples with known genotypes, serotype-
specific antibodies were detected in 38 (total sensitivity, 65.5%), with a specificity of 78.9%. 
Thirty of these serotypeable samples revealed a serotype that corresponded to the genotype in 
the 58 samples (total positive predictive value, 51.7%). Of the 58 samples, 23 were coinfected 
with HTV, and when these were excluded, the total sensitivity increased to 76.5%, with a total 
specificity of 80.8% and a total positive predictive value of 61.8%. The serotyping assay 
showed a high total sensitivity (96.3%) for samples positive by HCV RDBA, version 3.0, with 
four bands. We conclude that the sensitivity of the REBA HCV serotyping SIA is limited by the 
immunocompetence of the HCV-infected host. In general, samples from HIV-negative individ
uals containing genotype la had higher sensitivity, specificity, and concordance in the 
serotyping assay compared with genotyping, whereas samples containing genotype 3a were 
found to be more cross-reactive and untypeable. Therefore, the prevalence of genotypes other 
than genotype 1 could be underestimated if they are determined by serotyping, and improve
ments in specificity are recommended. 
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Introduction 
Since hepatitis C virus (HCV) was discovered and identified as the agent of parenterally trans
mitted non-A, non-B hepatitis (4), numerous isolates from different geographical origins have 
been cloned and sequenced. On the basis of the genetic variability of different strains, six HCV 
genotypes have been distinguished. Their prevalence differs, with la, lb, 2a, 2b, and 3a being 
predominant in Western Europe and the United States and lb, 2a, and 2b being predominant in 
Japan and Taiwan. HCV genotype 4 is most commonly found in the Middle East and Africa, 
genotype 5 is most commonly found in South Africa, and genotype 6 is most commonly found 
in Hong Kong (6, 13, 14). The six HCV genotypes have been associated with different histo
logic abnormalities in chronic hepatitis (6, 11, 16) and different responses to interferon therapy 
(1, 17). 

Several methods for HCV genotyping have been described, chiefly, reverse transcription-
PCR of conserved regions of the HCV genome. The PCR products can subsequently be used 
in sequence analyses (3), in restriction fragment length polymorphism analysis (11), or in blot 
hybridization assays (line probe assays [LiPas]) (15). These genotyping assays are complex and 
require proper handling and storage of specimens. Thus, PCR screening of large HCV-infected 
populations for the prevalence of genotypes is expensive and time-consuming, and serotyping 
may be a more rapid and cost-effective method of determining genotypes in cohort studies. 

In the present study, a recently developed serotyping assay (Chiron RIBA HCV 
serotyping SIA) (5) was used to evaluate 331 samples from HCV-infected individuals con
firmed to be positive for HCV by RIBA, version 3.0 (RIBA 3.0). A comparison was made be
tween the sensitivity of the Chiron RIBA HCV serotyping SIA and the distribution of 
serotypes with different RIBA 3.0 band patterns, and serotypes were compared with genotypes 
by using 58 serial samples from a panel of 19 chronically infected HCV seroconverters. 

Materials and Methods 

Participants 
Injecting drug users (EDUs) were recruited from a cohort of drug users who live in Amster
dam, The Netherlands, and who have been participating since December 1985 in the Amster
dam Cohort Studies on human immunodeficiency virus (HIV) and AIDS (18). In March 1996, 
we selected 358 individuals who had been monitored for at least 3 years and who had been 
seen at least seven times. Among these 358 subjects, 19 HCV seroconverters with a mean 
follow-up of 5 years were identified as described elsewhere (2). All serum and plasma samples 
were initially stored at 4°C, then frozen at -20°C within 24 h of collection and handling and 
ultimately stored at -70°C. 

Serological data 
Sera were tested for the presence of antibodies to HCV by a third-generation enzyme immuno
assay (EIA 3.0; Abbott Laboratories, Chicago, UI.). All specimens positive by EIA 3.0 were 
confirmed by the third-generation strip immunoblot assay (RIBA; Chiron Corporation, 
Emeryville, Calif). HCV seropositivity is confirmed only when at least two bands show reac
tivities of 1+ or more. Antibodies to HTV-1 were determined by a commercial EIA (Abbott 
Laboratories), and the results were confirmed by Western blotting (Diagnostic Biotechnology, 
Herent, Belgium). All serological assays were performed according to the instructions in the 
manufacturer's manual. 
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Serotyping analysis 
The serotypes in MBA-confirmed HCV-positive samples were determined by the Chiron MBA 
HCV serotyping SIA 3.0. This assay is designed to detect type-specific antibodies against core 
and NS4-derived epitopes (5), using eight synthetic HCV-encoded peptides immobilized as 
bands on the test strips, with two lanes of high-level and low-level immunoglobulin G (IgG) as 
controls. Interpretation of the test results is based on comparison of the intensity of each pep
tide band with the intensities of both IgG internal control bands. 

All eight synthetic HCV-encoded peptides except for the serotype 1 core peptide are 
highly serotype specific; the serotype 1 core peptide shows significant cross-reactivity with se
rotype 3 samples. Five peptides are derived from serotype-specific sequences of the NS4 re
gion of the genome, and three peptides are derived from the core regions of different HCV iso
lates. Synthetic peptides from consensus sequences from the NS4 region are present in band 1 
(representing genotype la and lb epitopes), band 2 (representing genotype 2a and 2b 
epitopes), and band 3 (representing genotype 3 epitopes). Band 4 contains a peptide derived 
from the consensus sequence of the core regions of genotypes la and lb, while band 5 contains 
a peptide from the consensus sequence from the core regions of HCV genotypes 2a and 2b. 
The peptides are coated individually or in combinations of two peptides in each band on a strip 
(Fig. 1). 

Level II Level I 
IgG Strip Control IgG Strip Control 

I I 
I 

t t t t t 
NS4 NS4 NS4 core core 

1a+1b 2a+2b 3 1a+1b 2a+2b 

Figure 1. Diagram of the Chiron RIB A HCV serotyping SIA strip. 

The HCV serotype is determined primarily by a reactivity of 1+ or greater to one of the NS4 
serotype-specific HCV peptide bands. HCV core peptide reactivity of 1+ or greater is used 
only in the absence of reactivity to NS4. If the greatest core peptide reactivity is to band 4, the 
serotype is either 1 or 3 due to cross-reactivity between the core regions of types 1 and 3. If 
the reactivity to band 5 (specific for antibodies to the core regions of genotypes 2a and 2b) is 
the highest and NS4 reactivity is absent, the serotype is 2. 

This assay is designed to (fiscriminate between infections with HCV serotypes 1, 2, and 3, 
to determine seroprevalence, and to aid in the diagnosis. The test was performed according to 
the instructions in the manufacturer's manual. 
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Genotyping analysis 
The genotypes in the 19 HCV seroconverters were determined either by the HCV LiPa proto
col (Innogenetics, Ghent, Belgium) (15), according to the instructions in the manufacturer's 
manual, or by direct sequencing of the products obtained by nested PCR of the 5' untranslated 
region as described previously (2). 

Statistical analysis 
The Student t test was used for comparison of the prevalence of serotypes between different 
groups. A .P value of <0.05 was considered significant. 

Definitions 
The definitions of sensitivity and positive predictive value are based on those in the American 
College of Physicians series on medical writing and communication (9). 
(i) Sensitivity. Sensitivity is the ability of the serotyping assay to identify certain serotypes in 
individuals who are infected with HCV (number of serotypeable samples/total number of RIBA 
3.0-positive samples). 
(ii) Specificity. According to the American College of Physicians series on medical writing and 
communication, the specificity of a certain method gives the proportion of true negatives. We 
only tested by the serotyping assay samples confirmed to be positive for HCV by RIBA 3.0; 
therefore, we defined the specificity as the ability of the serotyping assay to identify the correct 
serotype in individuals whose sera were reactive by the serotyping assay compared with the 
known genotype (number of correct serotypeable samples/total number of serotypeable sam
ples). 
(iii) Positive predictive value. Positive predictive value is the ability of the serotyping assay to 
identify the correct serotype in individuals compared to the total number of samples genotyped 
(number of samples with correct serotypes/total number of samples whose genotypes are 
known). 

Results 

Identification of serotypes in specimens confirmed to be positive by RIBA 3.0. 
A total of 345 EIA 3.0-seropositive samples from chronically infected IDUs were obtained and 
analyzed by RDBA 3.0. The samples were considered to be confirmed to be positive by RIBA 
3.0 if at least two bands showed a reactivity of 1+ or more. The results for nine samples were 
found to be indeterminate by RIBA 3.0, and the results for the other 336 samples could be 
confirmed to be positive by RIBA 3.0. We tested 331 of these 336 samples by the serotyping 
assay and found that the serotypes in 81 (24.5%) samples were untypeable. Type-specific anti
bodies were detected in the remaining 250 (75.5%) of the 331 samples and had the following 
distributions. Serotype 1 was found in 143 (57.2%) of the 250 serotype-positive samples, fol
lowed by serotype 3 in 67 (26.8%) samples and serotype 2 in 18 (7.2%) samples. A total of 22 
(8.8%) samples showed cross-reactivity between serotypes 1 and 3. 

Identification of serotypes in specimens confirmed to be positive by RIBA 3.0 with re
spect to HTV status. Among the 331 samples tested, 164 were HTV negative and 167 were 
HTV positive. Type-specific antibodies were detected in 151 (92.1%) samples from the HIV-
negative individuals. The distribution was as follows. Serotype 1 was found in 90 (59.6%) of 
the 151 type-specific-antibody-positive samples, followed by serotype 3 in 51 (33.8%) samples 
and serotype 2 in 8 (5.3%). Only 2 (1.3%) samples showed cross-reactivity between serotypes 
1 and 3. As expected, type-specific antibodies were detected in a lower number of the samples 
from the 167 HIV-positive individuals. Type-specific antibodies were detected in 99 (59.3%) 
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of the 167 HIV-coinfected samples and had the following distribution. Serotype 1 was found in 
53 (53.5%) samples, followed by serotype 3 in 16 (16.2%) samples and serotype 2 in 10 
(10.1%) samples. A large proportion of samples (n = 20 [20.2%]) showed cross-reactivity be
tween serotypes 1 and 3. 

Correlation between serotype and genotype 
Fifty-eight serial samples taken from 19 HCV seroconverters were both serotyped and 
genotyped (Table 1). 

Table 1. 
Comparison of genotype with serotype as measured in serial samples from 19 HCV seroconverters. 

IDU Genotype Serotype HIV 

0073 la (3), la (8), 1(56) SI, SI, SI sc (46)* 

0146 3a (2), 3a (9) S13, S13 neg 

0245 la (22), la (36) UTY, UTY pos 

1020 la (26), la (33), la (44), la (59) S1,S1,UTY,UTY pos 

1083 la (12), la (16), la (70), la (92) SI, SI, UTY, UTY pos 

1085 la (2) SI neg 

1102 la (5), la (23), la (73) SI, SI, SI neg 

1114 la (3), la (83) UTY, SI neg 

1123 3a (2), 3a (26), 3a (57), 3a (73) UTY, S3, S3, S3 neg 

1213 3a (5), 3a (9), 3a (17), la (30), la (35) UTY, UTY, UTY, SI, SI se (24)* 

1217 la (2), la (18), la (30), 1(41) SI, SI, UTY, UTY se (2)* 

3006 1(2), 1(19), 3a (34) UTY, SI, SI neg 

3009 3a (2), 1(103) S3, SI neg 

3059 3a (6), 3a (26), 3a (43) S3, S3, S3 neg 

5044 lb (2), lb (23), lb (46), lb (75) SI, SI, S13, S13 se (17)* 

6048 la (3), la (13), la (39), la (80) UTY, UTY, UTY, UTY pos 

7030 3a (20), 3a (44) UTY, S3 neg 

7041 3a (4), la (29) UTY, SI neg 

7095 la + 3a (2), la (26), 3a (57), 3a (61) SI, SI, SI, SI se (57)* 

( ) = Time in months after HCV seroconversion. 
( )* = Time in months before HIV seroconversion, 
bold = HIV-coinfected samples. 
S13 = Serotype 1 or 3. 
UTY = Untyped. 
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SI S3 S13 UTY 
Genotype 

1 (n=38) 22 2 14 

3 (n=19) 3 8 2 6 

1+3 (n=l) 1 

Total (n=58) 26 8 4 20 

Type-specific antibodies for types 1, 3, and 1 or 3 were found in 38 of 58 samples, revealing a 
sensitivity of 65.5%. Overall, 30 type-specific antibodies were found in the 38 typeable sam
ples, showing a specificity of 78.9%. The overall positive predictive value of the serotyping 
assay was 51.7%. 

After separation of the 58 samples according to whether they were infected with geno
type 1 or 3, the sensitivity, specificity, and positive predictive value of the serotyping assay 
were determined. For serum samples infected with genotype 1, the serotyping assay revealed a 
sensitivity of 63.2%, a specificity of 91.7%, and a positive predictive value of 57.9%. On the 
other hand, for serum samples infected with genotype 3, the serotyping assay showed a sensi
tivity of 68.4%, a specificity of 61.5%, and a positive predictive value of 42.1% (Table 2). 

Table2. 
Comparison of serotyping and genotyping results in serial samples (n=58) of 19 HCV seroconverters. 

No. of samples with the following serotype 

Sens. (%)' Spec. (%)b PPV (%)° 

24/38(63.2%) 22/24(91.7%) 22/38(57.9%) 

13/19 (68.4%) 8/13 (61.5%) 8/19 (42.1%) 

38/58 (65.5%) 30/38 (78.9%) 30/58 (51.7%) 

* Sens. = Sensitivity (number of serotypeable samples/total number of samples tested). 
b Spec. = Specificity (number of correct serotypes/total number of serotypeable samples). 
c PPV = Positive predictive value (number of correct serotypes/total number of known genotypes). 
S13 = Serotype 1 or 3. 
UTY = Untypeable. 

Excluding all samples from HTV-seropositive individuals, we evaluated 34 samples which re
vealed a different result regarding sensitivity, specificity, and positive predictive value. Type-
specific antibodies were found in 26 of the 34 samples, revealing a sensitivity of 76.5%. Over
all, 21 type-specific antibodies were found in the 26 typeable samples, showing a specificity of 
80.8%. The overall positive predictive value of the serotyping assay was 61.8%. For serum 
samples from these HIV-négative individuals infected with HCV genotype 1, the serotyping 
assay revealed a sensitivity of 86.7%, aspecificity of 100%, and a positive predictive value of 
86.7% (Table 3). Of the 26 serotypeable samples, 5 (19.2%) revealed a serotype different from 
the genotype. Strikingly, four were found to be genotype 3. Of these, two samples contained a 
single genotype 3, which was identified as serotype 1 or 3. On the other hand, in two samples 
the genotype was completely different from the serotype: both were identified as serotype 1 
but both contained genotype 3. One of these was infected with both genotypes 1 and 3, al
though it was identified as serotype 1. In total, eight samples remained untypeable. Of these, 2 
of the 15 (13.3%) samples infected with genotype 1 failed to raise type-specific antibodies to 
NS4, whereas 6 of the 19 (31.6%) samples infected with genotype 3 failed to raise type-spe
cific antibodies because NS4 was absent from 2 samples and both the core and NS4 epitopes 
were absent from the other four samples (data not shown). 
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Table 3. 
Comparison of serotyping and genotyping results in serial samples (n=34) of 15 HCV seroconverters 
without HTV infection. 

Genotype 

No, of samples with the following serotype 

SI S3 S13 UTY Sens.(%)* Spec. (%)b PPV(%)< 

1 (n=15) 13 

3 (n=18) 2 

1+3 (n=l) 1 

Total (n=34) 16 

2 13/15(86.7%) 13/13(100%) 13/15(86.7%) 

6 12/18(66.7%) 8/12(66.7%) 8/18(44.4%) 

8 26/34(76.5%) 21/26(80.8%) 21/34(61.8%) 

* Sens. = Sensitivity (number of serotypeable samples/total number of samples tested). 
b Spec = Specificity (number of correct serotypes/total number of serotypeable samples). 
" PPV = Positive predictive value (number of correct serotypes/total number of known genotypes). 
S13 = Serotype 1 or 3. 
UTY = Untypeable. 

Serotyping of specimens with different RIBA patterns 
Table 4 shows the distributions of HCV serotypes with different RJBA HCV patterns. Serum 
samples with different RJBA 3.0 patterns were randomly selected and were compared with the 
serotypes found in the same sample by RJBA HCV serotyping SIA. 

Table 4. 
HCV serotype distribution for specimens with different RIBA™ HCV SIA 3.0 band patterns. 

RIBA™ HCV 3.0 Number of serotype-specific specimen 
band pattern 

SI S2 S3 S13 Total" UTY 

Four-band pos (n = 54) 36 (66.7)b 4(7.4) 9 (16.7) 3 (5.6) 52 (96.3) 2(3.7) 

Three-band pos (n = 35) 13(37.1) 2(5.7) 4(11.4) 3(8.6) 22 (62.9) 13(37.1) 

Two-band pos (n = 17) 2(11.8) 2(11.8) 2(11.8) 1 (5.9) 6(35.3) 11(64.7) 

* = Total number of serotypes and sensitivity (%) in comparison of RD3A™ 3.0 pattern. 
b = Distribution of serotypes and sensitivity (%) in comparison of RTBA™ 3.0 pattern. 
S13 = Serotype 1 or 3. 
UTY = Untyped. 

Among 54 serum samples positive by RTBA 3.0 with four bands, 52 (96.3%) were successfully 
typed. Of these samples, the majority, 36 (66.7%), were found to be serotype 1, followed by 9 
(16.7%) serotype 3 samples, 4 (7.4%) serotype 2 samples, and finally, 3 (5.6%) serotype 1 or 3 
samples. Only 2 (3.7%) of the 54 samples were untypeable. Among the 35 samples positive by 
RIBA 3.0 with three bands, 22 (62.9%) were successfully typed. Of these samples, the major
ity, 13 (37.1%), were found to be serotype 1, followed by 4 (11.4%), 2 (5.7%), and 3 (8.6%) 
samples of serotypes 3, 2, and 1 or 3, respectively. A total of 13 (37.1%) samples were 
untypeable. Only 6 (35.3%) samples positive by RTBA 3.0 with two bands were found to be 
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typeable. The distribution of serotypes was approximately equal, with 2 (11.8%) being sero
type 1,2 (11.8%) being serotype 2, 2 (11.8%) being serotype 3, and 1 (5.9%) being serotype 1 
or 3. A total of 11 (64.7%) samples were untypeable. The same trend was found among the 58 
samples with known HCV genotypes (Table 5). 

Table 5. 
HCV serotype distribution for specimens with concordant HCV genotypes with different 
RIBA™ HCV SIA 3.0 band patterns. 

RIBA™ HCV 3.0 Number of serotype-specific specimen 
band pattern 

SI S3 S13 Total" UTY 

Four-band pos (n=12) 12(100)" 0(0) 0(0) 12(100) 0(0) 

Three-band pos (n = 27) 14(51.9) 5(17.2) 1(3.7) 20(74.3) 8(29.6) 

Two-band pos (n = 19) 1 (5.3) 2 (12.5) 0 (0) 3 (15.8) 13 (68.4) 

= Total number of serotypes and sensitivity (%) in comparison of RIBA™ 3.0 pattern. 
= Distribution of serotypes and sensitivity (%) in comparison of RTJBA™ 3.0 pattern. 

S13 = Serotype 1 or 3. 
UTY = Untyped. 

Discussion 
Several methods for the genotyping of HCV have been described, and each has advantages and 
disadvantages. Reverse transcription-PCR and direct sequencing of HCV are considered to be 
definitive and the "gold standard," but they are impractical for routine use and the screening of 
large populations. Therefore, serotyping may be a more rapid, convenient, and cost-effective 
alternative for the screening of HCV genotypes in large populations of HCV-infected individu
als. 

In the present study, the RIBA HCV serotyping SIA was used to screen a cohort of 331 
HCV-infected individuals, and the ability of the assay to detect type-specific antibodies to HCV 
types 1, 2, and 3 was evaluated. The serotypes of a relatively high proportion of the HCV iso
lates infecting anti-HCV-positive individuals (75.5%) could be determined, although the pro
portion was less than that in other studies (5, 10). Among the 250 HCV specimens that were 
serotyped, we found that the prevalence of serotype 1 was comparable to the prevalence found 
in a previous study by the same serotyping assay performed with a cohort of blood donors. 
However, findings differed slightly as to the distribution of serotypes 2 and 3, perhaps due to 
the difference in study populations (5, 12). A total of 81 (24.5%) samples were untypeable due 
to either the lack of antibody responses to the core and NS4 epitopes, the presence of 
genotype-specific antibodies not recognized by this serotyping assay, or immunosuppression 
caused by coinfection with HTV. Serotyping assays provide an indirect typing method based on 
the type-specific antibody production of the host. These assays are dependent on the immuno-
competence of the infected host, and it is well known that HTV causes immunodeficiency. To 
find a potential explanation for the large number of untypeable samples, the whole cohort was 
separated with respect to HTV status. As expected, the majority of the untypeable samples in 
the whole cohort (68 of 81; 84.0%) were associated with HTV coinfection, with antibody re
sponses to both core and NS4 lacking in 54 individuals. However, the other 14 had antibody 
responses to both the core and the NS4 antigens. Among the 13 untypeable samples from HTV-
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negative individuals, only 1 individual lacked antibody responses to both the core and the NS4. 
The other 12 untypeable samples had antibody responses to both the core and the NS4 (6 indi
viduals) or to either the core (2 individuals) or NS4 (4 individuals). Thus, samples from a total 
of 26 (32.1%) HCV-infected individuals with antibody responses to the core and/or NS4 were 
untypeable regardless of their HTV status, probably implying that they were infected with HCV 
genotypes other than genotype 1, 2, or 3. 

Our analysis of the correlation between serotypes and genotypes in 58 serial samples from 
19 HCV seroconverters found that the serotyping assay had a relatively poor overall sensitivity 
and positive predictive value. The main problem was the number of untypeable samples (20 
[34.5%]), of which 12 were coinfected with HTV. The same analysis performed with serial 
samples from HIV-negative individuals revealed a slightly better overall result, and the sensitiv
ity and the positive predictive value of the serotyping assay for samples from HTV-negative 
individuals were much higher, with the values being comparable to those found in other studies 
(5, 10). Of interest were the differences in sensitivity, specificity, and positive predictive value 
of the serotyping assay for samples from HTV-negative individuals infected with genotype 1 or 
3. For all samples infected with genotype 1, the sensitivity, specificity, and positive predictive 
value of the serotyping assay were higher than the values for samples infected with serotype 3. 
A possible explanation for this finding might be found in the two samples harboring genotype 
3a (samples from IDUs 3006 and 7095), which showed cross-reactivity with serotype 1. In 
IDU 3006, the initial HCV infection was caused by a genotype 1 isolate and serotype 1-specific 
antibodies were detected. The patterns of detection of HCV RNA fluctuated for this individual, 
but the subject remained EIA 3.0 positive during follow-up. After a period in which HCV RNA 
was not detected by PCR, reinfection (or coinfection) with genotype 3a occurred, and it may 
be that the serotype 3-specific antibodies were not detectable or were not raised at all in this 
sample. On the other hand, because of the indirect nature of serotyping, it may detect antibod
ies from a past and resolved infection. Interestingly, in individual 7095 the initial HCV infection 
was caused by both genotypes la and 3a, and on the basis of genotyping by the LiPa method, 
both genotypes were presumed to be present at an almost 1:1 ratio. However, only serotype 1-
specific antibodies were detected, suggesting that this serotyping assay is more sensitive for the 
detection of genotype 1 or that antibody responses to genotype 1 are stronger than the re
sponses to the other genotypes. Even after genotype 3a was later found in individual 7095, 
only serotype 1-specific antibodies were detectable. This intriguing phenomenon may be ex
plained by the so-called clonal dominance and deceptive imprinting, as has been described for 
HTV (7, 8). HCV is known for its ability to produce a diverse spectrum of genotypes and vari
ants, and this probably leads to the high rate of chronicity of HCV infections. Primary antibody 
responses to the genotype (or variant) causing the initial infections may also become clonally 
dominant in HCV infections, and recognition of antibodies to closely related HCV variants or 
genotypes is probably limited or suppressed. In total, among the samples from HTV-negative 
individuals, eight samples remained unserotypeable, and all these samples contained genotypes 
1 (n = 2) and 3 (n = 6), genotypes which were supposed to be recognized in the serotyping 
assay. These data suggest that in some cases, the absence or presence of anti-core or anti-NS4 
antibody is not always indicative or predictive for serotyping. 

As expected, the reactivity in the serotyping assay was highly dependent on the number of 
positive bands found by RTBA 3.0. Significantly more samples positive by RTBA 3.0 with four 
bands than samples positive by RTBA 3.0 with three bands (P < 0.01) or two bands (P < 0.001) 
were positive by serotyping. Remarkably, the prevalence of serotype 1 was higher in samples 
with four positive bands than in those with fewer positive bands. A large proportion of samples 
positive by RTBA 3.0 with four bands were serotype 1 (66.7%), whereas smaller proportions 
were serotypes 2 and 3 (13%; P < 0.001). A decrease in reactivity by RTBA 3.0 showed a 
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markedly decreased prevalence of serotype 1 (P < 0.01), whereas the prevalence of serotypes 2 
and 3 was higher for samples positive by RIBA 3.0 with two bands. Thus, serotypes 2 and 3 
seem to be less dependent on RIBA 3.0 band reactivity, a finding also suggested in other stud
ies (5, 10). To determine whether these findings were real with respect to the HCV genotype, 
the same analysis was done with a much smaller population of 58 samples with known HCV 
genotypes, and the same trend was observed. A possible explanation is that RIBA 3.0 is based 
on HCV genotype la antigens, and therefore, the absence of reactivity to particular bands by 
RIBA 3.0 might be associated with infections other than those caused by type 1 due to the het
erogeneity in particular regions of HCV included in the assay. 

In conclusion, the sensitivity of the assay is limited by the immunocompetence of the in
fected host. In general, samples from HIV-negative individuals that contained genotype la 
showed a higher sensitivity, specificity, and concordance in the serotyping assay, whereas sam
ples containing genotype 3a were found to be more distinct in that they were cross-reactive 
and untypeable. Therefore, the prevalence of genotypes other than genotype 1 could be under
estimated if the genotype is determined by serotyping. Although PCR remains the gold stan
dard because of its higher sensitivity and specificity, the present study indicates that the RJBA 
HCV serotyping SIA could be usefid for the screening of large numbers of samples from 
immunocompetent HCV-infected individuals and providing epidemiological data, but improve
ments in specificity are recommended. 
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Abstract 
The objective of this retrospective cohort study is to assess the mechanism by which human 
immunodeficiency virus type 1 (HTV) influences hepatitis C virus (HCV) replication in injecting 
drug users. Virological (HCV and HTV RNA levels) and immunological (CD4+, CD8+ cell 
counts, and anti-CD3 reactivity) parameters were determined in 19 HCV seroconverters in se
quential samples over a period of 1 to 9 years. Among these subjects, 10 were HTV-seronega-
tive (HTVneg), 4 were HTV-seropositive (HTVpos), and 5 seroconverted for HTV (HTVsc) dur
ing the observation period. HCV RNA levels were higher in HTVpos subjects than in HTVneg 
subjects. In subjects seroconverting for HTV, HCV RNA levels increased significantly immedi
ately after HTV seroconversion (P<0.0001), while they remained stable over time in HTVpos 
and HTVneg subjects. HCV RNA correlated inversely with CD4+ cell counts in both the 
HTVpos population (R=-0.22, P<0.05) and the HTVneg population (Ä=-0.45, P<0.0001). In 
addition, when subjects were stratified according to CD4+ cell counts a significant difference 
was found in HCV RNA levels between HTVpos and HTVneg subjects with CD4+ cell counts 
>500 cells/ul (P=0.001), but not in the population with CD4+ cell counts <500 cells/ul. In no 
population was a correlation found between HCV RNA levels and CD8+ cell counts or anti-
CD3 reactivity. Both HTV infection and CD4+ cell counts are apparently associated with HCV 
RNA levels. The direct association, independent of CD4+ cell counts, between HTV infection 
and HCV replication appears to be stronger than the association between HTV-induced CD4+ 
cell decline and HCV replication. We conclude that (i) HCV replication is in some way directly 
influenced by the presence of HTV; (ii) HCV-specific host immunity controls in part HCV rep
lication; and (iii) HCV replication increases when the immune system is impaired by HTV. 
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Introduction 
Hepatitis C virus (HCV) is a major cause of parenterally transmitted acute hepatitis (Choo et 
al. 1989) and is widespread among injecting drug users, with up to 90 percent being positive 
for antibodies to HCV (van den Hoek et al. 1990; Thomas et al. 1995). The clinical manifesta
tions of HCV infection are diverse and the clinical course is difficult to predict. Commonly, the 
course of disease remains benign in the first few years (Eyster et al. 1993), although the major
ity (>80%) of HCV-infected individuals develop chronic disease and some may eventually 
progress to liver diseases, like liver fibrosis, cirrhosis and hepatocellular carcinoma (Alter et 
al. 1992; Saito et al. 1990; De Mitri et al. 1995; Esteban, 1993). The natural history of HCV is 
poorly understood, especially the degree to which hepatocellular damage is mediated by the 
immune system or by the direct pathogenicity of HCV. HCV seems to show a higher replica
tion rate in patients receiving immunosuppressive therapy and in patients co-infected with HTV 
(Sherman et al. 1993; Eyster et al. 1994; Cribier et al. 1995). Since HCV and HTV share the 
same parenteral route of transmission, co-infections with HCV and HTV are frequently found in 
injecting drug users (van den Hoek et al. 1990; Thomas et al. 1995) and in hemophiliacs who 
received multiple transfusions with clotting factor concentrates before 1985 (Eyster et al. 
1993; Cribier et al. 1995; Watson et al. 1992). 

HTV is known to cause immunosuppression characterized by a decline in CD4+ cell 
counts that is followed by clinical manifestations of acquired immunodeficiency syndrome 
(AIDS). Several reports have suggested that HCV replication is enhanced by HTV infection, 
either by HTV-induced immunosuppression or by HTV-HCV interaction (Thomas et al. 1996; 
Ghany et al. 1996; Chambost et al. 1995; Sherman et al. 1993; Eyster et al. 1994; Cribier et 
al. 1995); however, an association between HCV RNA levels and CD4+ cell counts in HTV 
seronegative individuals remains to be demonstrated. In this study three immunological mark
ers (CD4+, CD8+ cell counts, and anti-CD3 reactivity) were compared with, HCV and HTV 
RNA levels in serial time points among 19 HCVseroconverters. 

Patients and Methods 

Participants 
The injecting drug users were recruited from a cohort started in December 1985 (van den 
Hoek et al. 1988), consisting of drug users living in Amsterdam and participating in the Am
sterdam Cohort Studies on HTV and AIDS. In March 1996, we selected individuals who were 
followed for at least 3 years and seen at least 7 times (n=358). Their serum and plasma samples 
were stored initially at +4°C, then frozen at -20°C within 24 h of collection and handling, and 
ultimately stored at -70°C. 

Among 358 subjects, 19 HCV seroconverters were identified (Beld et aL, 1998) and di
vided into three groups on the basis of their HTV status: (i) HTVneg throughout the study pe
riod (n=10); (Ü) HTVsc during the study (n=5); (in) HTVpos before HCVsc (n=4). HCV RNA 
load was determined on every single sample for which the immunological data were available 
(n=294). The average sampling interval between samples containing both data was 5 months 
(range 0.5-48 months), with an average of 15 time-points per patient (range 2-22 time-points). 
The mean follow-up of HCV infection was 5.4 years (range 1-9 years), whereas the mean 
follow-up of HTV infection was 3.5 years (range 1-7 years). None of the 19 subjects received 
antiretroviral therapy during follow-up. 
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Serological data 
Sera were tested for the presence of antibodies to HCV by the third-generation Enzyme Immu
noassay (EIA 3.0; Abbott Laboratories, Chicago, IL). All positive EIA 3.0 assays were con
firmed by the third-generation Strip Immunoblot Assay (SIA, RIB A Chiron Corp., Emeryville, 
CA). Antibodies to HTV-1 were determined with commercial Enzyme Immunoassay (EIA; 
Abbott Laboratories) and confirmed by Western blot (Diagnostic Biotechnology, Herent, Bel
gium). All serological assays were performed according to the manufacturer's manual. 

Viral RNA quantification 
The HCV RNA load was determined longitudinally in the 19 HCV seroconverters, on 355 
available samples by the branched DNA (bDNA) signal amplification assay 2.0 (Quantiplex 
HCV RNA Chiron Corp.). All samples were tested in duplicate, and the mean value of the 
duplicate tests was used for data analysis. Viral load, expressed as HCV RNA copies/mL was 
determined by comparison with an external standard curve with a quantitation limit of 2.0 x 105 

HCV RNA copies/ml. A subset of samples (n=130) representing all 19 HCV seroconverters 
was quantified by a prototype HCV NASBA (with reagents kindly provided by P. Sillekens 
and T. Kievits of Organon Technica, BoxteL The Netherlands). 

The NASBA method (Gemen van et al. 1994; Jurriaans et al. 1995; Kievits et al. 1991) 
amplifies the isolated nucleic acids under isothermal conditions using three enzymes simulta
neously; reverse transcriptase, RNAse H and a DNA-dependent RNA polymerase. Briefly, the 
reaction starts with hybridization of one of the oligonucleotide primers, containing a T7 
promotor, to the target RNA followed by elongation of the primer by reverse transcriptase. 
The RNA strand in the resulting RNA/DNA hybrid is then degraded by the activity of Rnase H 
which enables the annealing of the second oligonucleotide primer to the single-stranded cDNA. 
Next, a second DNA strand is synthesized by the DNA-dependent DNA polymerase of reverse 
transcriptase, yielding a double-stranded DNA molecule with a T7 RNA polymerase sequence. 
The T7 RNA polymerase can produce 100-1000 RNA copies from each double-stranded DNA 
molecule. Each RNA molecule synthesized can serve as a template in new rounds of cDNA 
and subsequent RNA synthesis. Viral load, expressed as RNA copies/ml, was determined using 
electrochemiluminescence and by comparison with an internal standard curve with a quantifica
tion limit of 4.0 x 103 HCV RNA copies/ml. 

HTV RNA load was also determined by the NASBA technology, which has a quantifica
tion limit of 103 HTV RNA copies/ml. All quantification assays were performed according to 
the manufacturer's manual. 

T-cell subsets and T-cell reactivity 
Peripheral blood mononuclear cells (PBMC) were isolated from heparinized venous blood by 
density-gradient centrifugation on Ficoll-Hypaque (Pharmacia, Uppsala, Sweden). T lympho
cyte immunophenotyping for CD4 and CD8 membrane markers was performed on a Coulter 
Epics-C cytofluorometer (Coulter Electronics, Hialeah, FL). PBMC were stained with CD4-
mAb (Leu-3a-PE; Becton Dickinson, Mountain View, CA) or CD8-mAb (Leu-2a-PE; Becton 
Dickinson) according to the manufacturer's protocols. T-cell responsiveness was measured in 
triplicate as previously described (Schellekens et al. 1990), by measuring CD3-mAb (CLB, 
Amsterdam, The Netherlands) induced proliferative capacity of PBMC in whole-blood cul
tures. The anti-CD3 response is given as counts per minute. 

Statistical methods 
Scatterplots were used to review the distributions of HCV RNA and HTV RNA respectively, 
with all immunological markers. For statistical analysis, we used log-transformed viral RNA 
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concentrations. The regression analyses were performed only with data above the detection 
limit of the quantification assays and values below the detection limit were omitted. The Mann-
Whitney test was used for comparison of groups. A value of P < 0.05 was considered signifi
cant. 

Results 

Impact of HIV infection on HCVRNA level 
To determine the influence of HTV infection on HCV RNA replication, we compared serial 
measurements of HCV RNA in subjects who remained HIV negative (HTVneg), were HTV 
positive (HTVpos), or seroconverted for HTV during the study period. None of the subjects 
were treated with any antiviral therapy. 

HCV RNA levels were measured at 355 datapoints by the bDNA and at 130 datapoints 
with NASBA. The HCV NASBA was additionally used to study the concordance between the 
two assays and a significant association between the two quantitative HCV RNA assays was 
found when all values below the lower limit of both assays were omitted (R=0.S1, /><0.0001; 
Fig. 1). 
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Figure 1. Relation between HCV RNA levels as measured by bDNA and NASBA. The linear regression 
line is shown (Ä=0.81, PO.0001). 
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HCV RNA levels appeared to be higher among HTVpos subjects than among HTVneg subjects. 
This same phenomenon was observed among subjects who seroconverted for HIV: lower HCV 
RNA levels during the pre-HTV seroconversion period and higher levels after HTVsc (Fig. 2). 
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Figure 2. Comparison of serial measurements of HCV RNA levels among a HTV negative subject, a HTV 
positive subject, and a HTV seroconverter. The dotted line represents the detection limit of the bDNA as
say. 

To certify if the influence of HTV infection on HCV RNA replication was statistically signifi
cant, log-transformed HCV RNA copies were compared in HTVneg and HTVpos subjects. 
Over the whole observation period, mean HCV RNA levels within the HTVneg population 
were 105 " * °73 HCV RNA copies/ml, and within the HTVpos population 106™ * °84 HCV RNA 
copies/ml (P<0.0001). Comparing the mean HCV RNA levels among the HTV seroconverters 
before (Fig. 3, left bar) and after (Fig. 3, right bar) HTVsc, HCV RNA levels increased from 
105.43 ± o« t 0 1 06.72*0.81 H C V R N A copjes/mi (/><0.0001; Fig. 3). To determine whether this 
increase was due to HTV infection per se and not to the duration of HCV infection, we divided 
the mean study period of the HTVneg and HTVpos population into two equal parts, with a 
mean duration of approximately 2.5 years in both populations. Similarly, among the HTV 
serocoverters, we found that the mean period prior to HTV seroconversion was 2.4 years, 
whereas the mean period after HTV seroconversion was 1.9 years. No differences were found 
in HCV RNA levels between the first (Fig.3, left bar) and second (Fig. 3, right bar) period of 
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2.5 years among the HTVneg and HTVpos subjects, indicating that the duration of HCV infec
tion was not influencing HCV replication during the first 5 years of HCV infection. Mean HCV 
RNA levels were lower among HTVneg subjects than among HTVpos subjects, during both the 
first and second period of 2.5 years (P<0.0001). Moreover, comparing HCV RNA levels 
among HTV seroconverters before HTVsc with the levels among HTVneg subjects, levels of 
HCV RNA were indistinguishable (P>0.1). On the other hand, HCV RNA levels were signifi
cantly higher after HTVsc (P<0.0001), but indistinguishable from HTVpos (P>0.1). 
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Figure 3. Comparison of HCV RNA levels among HTVneg, HIVsc, and HTVpos subjects. The left and 
right bars in the HTV seroconverters represent data of mean values of HCV RNA measured before and 
after HTV seroconversion, respectively, whereas the left and right bars in both the HTVneg and HTVpos 
populations represents data of mean values of HCV RNA measured in the first and second 2.5 years of 
HCV infection, respectively, as described under results. 
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Using all datapoints above the lower limit of the quantification assay for both HTV RNA and 
HCV RNA concentrations, no significant association was found between both parameters 
(R=0.06, P=0.60; Fig. 4). This lack of association between parameters might indicate that HTV 
(or HTV proteins) enhances HCV replication when a certain threshold of HTV replication is 
reached. 
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Figure 4. Association between HCV RNA and HTV RNA levels. The lineair regression line is shown 
(7?=0.06, />=0.60). The dotted line represents the detection limit of both assays. 

Impact of immunological parameters on HCV RNA levels 
To address the relationship between HCV RNA levels and CD4+, CD8+ cell counts and anti-
CD3 reactivity, we used serial measurements of all parameters in 19 HCV seroconverters that 
remained HTVneg (n=10), seroconverted for HTV (n=5), or were HTVpos prior to HCVsc 
(n=4). There were 292 samples that could be analyzed two-sided for the relationship between 
HCV RNA levels and CD4+ and CD8+ cell counts, as well as 233 samples with anti-CD3 reac
tivity. Only values above the detection limit of the bDNA assay were used in regression analy
ses of HCV RNA levels and immunological parameters. 
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The CD4+ cell counts and HCV RNA levels were significantly associated across the entire 
study population (#=-0.52, P<0.0001; Fig. 5a). 
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Figure 5a. Association between HCV RNA levels and CD4+ cell counts among the whole population 
(Ä=-0.52, P<0.0001). The lineair regression lines are shown. The dotted Une represents the detection limit 
of the bDNA assay. 

To address if this association was solely due to an HTV-induced decline in CD4 cell counts, we 
set aside a HTVneg population and a HTVpos population. The association of CD4+ cell counts 
and HCV RNA levels was also significant in the HTVneg population (Ä=-0.45, P<0.0001; Fig. 
5b). A weaker correlation was found between CD4+ cell counts and HCV RNA levels in the 
HTVpos population (Ä=-0.22, P<0.05; Fig. 5c). 
No correlation was found, either across the whole population or in the 2 separated populations, 
between HCV RNA and CD8+ cell counts or the anti-CD3 cell reactivity (P>0.1; results not 
shown). 
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Figure 5b. Association between HCV RNA levels and CD4+ cell counts among the HTVneg population 
(R=-0A5, P<0.0001).The lineair regression lines are shown. The dotted line represents the detection limit 
of the bDNA assay. 
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Figure 5c. Association between HCV RNA levels and CD4+ cell counts among the fflVpos population 
(fl=^0.22, P<0.05). The lineair regression lines are shown. The dotted Une represents the detection limit of 
the bDNA assay. 

Influence of HIV infection on HCV RNA levels in populations stratified according to 
CD4+ cell counts 

To obtain evidence of HTV infection influencing HCV RNA levels, independently of CD4+ cell 
counts, we separated the 19 subjects into three groups; those whose CD4+ cell counts were 
low (400-500 cells/ul), intermediate (500-900 cells/ul) and relatively high (900-1300 cells/ul). 
These particular strata were made because none of the HTVneg individuals had a CD4+ cell 
count below 400 cells/uL and in addition none of the HTVpos individuals had CD4+ cell counts 
greater than 1300 cells/ul. HCV RNA levels could thus be studied in groups of HTVneg and 
HTVpos subjects with comparable CD4+ cell counts. Despite the fact that no significant differ
ence in CD4+ cell counts between the HTVneg and HTVpos population was found within 
strata, there was a significant difference in HCV RNA levels between the HTVneg and HTVpos 
populations in both the intermediate and high CD4+ cell counts group. In the low CD4+ cell 
counts group the same trend was observed, although the difference was not significant (Table 

1). 
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Table 1. Analysis of both HIV status and CD4+ cell counts with HCV RNA load. 

CD4+ 400-500 cells/ul 

n mean HCV RNA ± SD P mean CD4+cells ± SD P 

HIVneg 9 6.328 ±.862 467 ± 30 

NS NS 

HIVpos 10 6.758 ±.945 442 ±29 

CD4+ 500-900 cells/nl 

n mean HCV RNA ± SD P mean CD4+ cells ± SD P 

HIVneg 79 5.953 ± .881 732 ± 124 

.001 NS 

HIVpos 29 6.572 ±.782 690 ±103 

CD4+ 900-1300 cells/ul 

n mean HCV RNA ± SD P mean CD4+ cells ± SD P 

HIVneg 80 5.373 ±.538 

.000 
1 

1098 ±118 

NS 

HIVpos 7 6.772 ±1.110 1089 ±114 

NS, not significant 
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Discussion 
Co-infections with HCV and HTV often occur in injecting drug users (van den Hoek et al. 
1990; Thomas et al. 1995), and in multitransfused hemophiliacs treated with clotting factor 
concentrates before 1985, when HCV was not yet discovered or isolated and HTV testing was 
introduced (Eyster et al. 1993; Cribier et al. 1995; Watson et al. 1992). Interactions between 
HCV and HTV have been studied, but with some conflicting results. Most studies have found 
increased HCV RNA levels in subjects who seroconverted for HTV, without a correlation with 
CD4+ cell counts, suggesting that HTV infection affects the replication of HCV (Cribier et al. 
1995; Eyster et al. 1994; Sherman et al. 1993; Telfer et al. 1994; Thomas et al. 1996). How
ever, whether increased HCV replication is directly influenced by the infection with HTV in 
itself, or indirectly mediated by the immune system remains unclear. Eyster et al. (Eyster et al. 
1994) reported a 58-fold increase in HCV RNA levels in subjects who became HTVpos and a 
strong association between HCV RNA levels and CD4+ cell counts among HTVpos 
hemophiliacs. This latter association, however, was strongly influenced by values of 23 samples 
taken at least 2 years after HTV seroconversion. In a prospective study of HTVsc among inject
ing drug users, Thomas et al. (Thomas et al. 1996) found significantly lower HCV RNA levels 
before HTV seroconversion. They also found an association of CD4+ cell counts and HCV 
RNA levels, although this was related to the time from HTV seroconversion. Ghany et al. 
(Ghany et al. 1996) reported that levels of HCV RNA among HTVneg hemophiliacs were simi
lar to levels among those who were HTVpos, suggesting that HTV infection is not the only fac
tor that influences HCV replication. They found higher HCV RNA levels in subjects with se
vere immunodeficiency, i.e., those having CD4+ cell counts below 200 cells/ul. The lack of 
association between CD4+ cell counts and HCV RNA levels in some reports might reflect a 
deficit of serial measurements or sampling bias, of both HCV RNA levels and immunological 
parameters, and/or a lack of measurements taken before and after HTV seroconversion. 

In our study, the impact of HTV infection and HTV-induced immunodeficiency was as
sessed by comparing three immunological markers with HCV and HTV RNA levels as mea
sured on serial samples of 19 HCVsc who were HTVneg, HTVsc, or HTVpos. HTV infection 
influenced the HCV replication rate significantly when HTVneg and HTVpos population were 
compared in different strata of CD4+ cell counts above 500 cells/ul. This indicates that HTV 
infection per se, in an individual with a normal immune status, directly enhances the HCV repli
cation level. The same was seen in HTV seroconverters, in whom HCV RNA levels were signif
icantly higher after HTV seroconversion. Mean HCV RNA levels did not change significantly 
from the beginning of HCV infection to the end of follow-up among individuals who remained 
HTVneg, or among individuals who were HTVpos at entry. One study found that, regardless of 
HTV status, HCV RNA levels were affected by the duration of HCV infection, although not 
very significant (Eyster et al. 1994). No association was found between HCV RNA levels and 
duration of HCV infection, possibly because the mean follow-up in our study was only 5.4 
years, while others found this correlation over the next 5 to 12 years or more. 

No significant association was found between HCV RNA and HTV RNA levels when 
values below the lower limit of the bDNA assay were omitted in the regression analysis, which 
corroborates the results of Cribier et al. (Cribier et al. 1995). From our quantitative HCV and 
HTV data one might conclude that a minimal level of HTV replication is needed for the up-regu-
lation of HCV replication. However, more HTV replication does not apparently lead to more 
HCV replication, suggesting that when a threshold of HTV replication is achieved, HCV repli
cation is independent of HTV replication. 

To assess the degree of immunological control for HCV replication, CD4+, CD8+ cell 
counts and anti-CD3 reactivity were studied as surrogate markers for HCV-specific immunity 
in the whole population and in the separated groups according to HTV status. CD4+ cell counts 
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and HCV RNA levels were strongly associated across the whole study population. This sug
gests that a decline of CD4+ cell counts, as a surrogate marker for HCV-specific immunity, 
increases HCV replication. To determine if this correlation was confounded by HTV infection, 
the association of CD4+ cell counts and HCV RNA levels in serial samples from the HTVneg 
population was studied. The inverse relationship between CD4+ cell counts and HCV RNA 
levels suggests even more that propagation of HCV is dependent of the quality of the immune 
system, implying that HCV replication is at least partially under the control of the immune sys
tem In other words, when HCV-specific immune responses deteriorate, the level of HCV rep
lication might increase. This will then be expressed in elevated HCV RNA levels, which are 
possibly accumulating over time among HTVneg individuals as has been previously suggested 
(Eyster et al. 1994). No significant association was found between HCV RNA and CD8+ cell 
counts. These data corroborate an earlier observation that HCV-specific CD8+ CTL responses 
do not exert much control over HCV (Rehermann et al. 1996), whereas HCV-specific CD4+ 
T-cell responses seem to be able to control HCV propagation by maintaining humoral re
sponses and probably therefore play a more important role in the elimination of HCV infection 
(Missale et al. 1996;Botarellie?a/. 1993; Diepolder et al. 1995). Conversily, the decline in the 
number of HCV-specific CD4+ T-cell responses may lead to increased HCV RNA levels. HCV 
RNA levels among HTVpos subjects were also significantly associated with the CD4+ cell 
counts but less powerfully, most likely because they all had relatively low CD4+ cell counts 
due to HTV infection, with a relatively wide range in HCV RNA levels. 

The effect of HTV infection on HCV RNA levels, independent of CD4+ cell counts, was 
shown across the whole population, divided in 3 groups according to their CD4+ cell counts. 
Significantly increased HCV RNA levels related to HTV seropositivity were found in the two 
groups with intermediate and high CD4+ cell counts, suggesting the direct role of HTV infec
tion on the replication rate of HCV. In the group with CD4+ cell counts between 400-500 
cells/uL more or less the same phenomenon was observed: higher HCV RNA levels among the 
HTVpos population with comparable CD4+ cell counts. However, these higher HCV RNA lev
els were not significantly different, probably because of the small number of individuals present 
in this group compared with the other two groups. The mechanism for this direct regulation is 
still unclear, but it has been described that the liver, the primary HCV reservoir, contains the 
largest population of macrophages, the so-called Kupffer cells, and the presence of HTV was 
demonstrated in Kupffer cells and hepatocytes in AIDS patients by several groups (Hufert et 
al. 1993; Housset et al. 1993; Cao et al. 1992). The HTV tat gene is a potent transactivator, 
capable of up-regulating viral gene expression in cultered cells by both transcriptional and 
posttranscriptional mechanisms, and has been shown to induce dermal lesions which resemble 
Kaposi's sarcoma in transgenic mice (Vogel et al. 1988). Recently, a putative tat-binding motif 
was found in the gene coding for the NS4 protein of HCV, and it was assumed that the HTV 
tat protein may modulate HCV infections by directly up-regulating HCV replication (Ferbeyre 
et al. 1997). Although this assumption was not addressed by us and further studies are needed, 
it might be a possible explanation for the direct effect of HTV on the replication rate of HCV, 
provided that most HCV-infected cells are co-infected with HTV. 

In summary, our data indicate that: (i) HTV infection leads to enhanced HCV replication; 
(ii) an inverse relationship between CD4+ cell counts and HCV RNA levels is seen in HTV in
fected individuals; and (iii) there is an inverse relationship between CD4+ cell counts and HCV 
RNA levels among HTVneg individuals, suggesting that HCV replication is under the control of 
the immune system Therefore we conclude that HTV influences HCV replication in two ways 
(Fig. 6). HCV replication is in some way directly influenced by HTV and HTV may reduce the 
HCV-specific immunity by impairment of the overall immune response. 
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Figure 6. Schematic representation of the direct association of HIV infection and the HTV-induced CD4+ 
cell count decline on HCV RNA levels. The thickness of the arrows represents the strength of the associa
tion. 
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Abstract 
HCV infection is widely monitored by evaluating titers of antibodies to HCV proteins. A de
cline of titers of antibodies to HCV proteins, in particular NS3 and NS5, coincides with a de
cline in HCV RNA in HTV-negative individuals. Whether, these phenomena occur in the pres
ence of HTV-coinfection is unclear. A longitudinal study of markers of HCV infection due to 
HCV genotype 1 was conducted in 6 HTV-coinfected individuals in comparison with 5 HTV 
negative individuals. In the 6 HIV-positive individuals, a quantitative loss of antibodies to all 
tested antigens to HCV was seen overtime, despite persistent HCV RNA levels. Comparison 
of this group with the HTV-negative group revealed that individuals coinfected with HTV have 
significant lower antibody titers to NS3 (P=0.03) and NS5 (P=0.001) while having significant 
higher levels of HCV RNA ( P=0.009). With marked decline of the HCV antibodies, there was 
a marked decline in CD4+ cell numbers in 50% of HTV coinfected individuals. However, titers 
of antibodies to Core appeared most stable and persistent during HTV-coinfection. HTV infec
tion, influences the antibody response to certain HCV antigens, leading to decreased antibody 
titers to NS3 and NS5 accompanied by increased HCV RNA levels. The HTV status of HCV-
infected individuals must therefore be considered when NS3 and NS5 titers are used to evalu
ate antiviral therapy. 
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Introduction 
Presence of antibodies to HCV can be detected by ELISA and recombinant immunoblot assays 
(MBA™) and reflects chronic infection or past resolved infection with HCV. The main route 
of HCV transmission is parenteral and injecting drug users have a high prevalence of HCV [1]. 
Coinfections with other parenterally transmitted viruses are likely to occur in drug users due to 
needle sharing. Although, the main route of transmission of HTV is promiscuous sexual inter
course, coinfections of HCV with HTV are regularly found in injecting drug users [2]. 

Recently we described higher replication rates of HCV in HTV-coinfected individuals, due 
to an unknown direct interaction of the two viruses or to HTV-induced immunodeficiency [3]. 
Several reports have shown impaired HCV antibody responses and seroreversions among HTV-
seropositive individuals [4,5]. In HTV-negative subjects, a decline in antibody titers to NS3 and 
NS5 coincides with a decline in HCV RNA (Beid et al., submitted) [6-8]. To investigate 
whether the same phenomenon occurs among HTV-coinfected individuals, we conducted a lon
gitudinal study of markers of HCV infection, comparing 6 HIV-positive individuals with 5 
HTV-negative individuals, all infected with HCV genotype 1. 

Materials and methods 

Participants 
The injecting drug users were recruited from a cohort started in December 1985 [9]. Nineteen 
HCV seroconverters were identified [10]. Of these seroconverters, 2 were HTV seropositive at 
entry of the study period, whereas 4 seroconverted for HTV early during follow-up. Therefore 
6 HCV seroconverting injecting drug users, persistently infected with HCV genotype 1, could 
be studied as to their antibody profiles in serial samples during their period of coinfection with 
HTV. They were compared with 5 individuals, persistently infected with HCV genotype 1, who 
remained HTV-negative during the study period as described earlier (Beld et al., submitted). 
Serum and plasma samples were stored initially at +4°C, then frozen at -20°C within 24 hours 
of collection and handling, and ultimately stored at -70°C. None of the subjects received any 
antiviral therapy during follow-up. 

Laboratory tests 
The data presented here concern the following assays: Sera were tested for the presence of 
antibodies to HCV (EIA 3.0; Abbott Laboratories, Chicago, ELL), antibodies to HTV-1 (EIA; 
Abbott Laboratories, Chicago, ILL) and confirmed by Western blot analysis (Diagnostic 
Biotechnology, Herent, Belgium). Quantification of antibodies to Core, NS3, NS4, and NS5 
proteins of HCV was performed using the Chiron RTBA™ HCV-titering Strip Immunoblot 
Assay (SIA) expressed as relative intensity using the automated RTBA™ Processor System 
(Chiron Corp., Emeryville, CA). HCV RNA was detected by RT- PCR [10] and quantified by 
bDNA (Chiron Corp., Emeryville, CA). The genotypes were determined either by the HCV 
LiPa protocol (Line Probe Assay, LiPa, Innogenetics, Ghent, Belgium) [ll]or by direct-se
quencing the products obtained by nested PCR of the 5'-UTR [10]. T lymphocyte 
immunophenotyping for CD4 membrane markers was performed on a Coulter Epics-C 
cytofluorometer (Coulter Electronics, Hialeah, FL). PBMC were stained with CD4-mAb (Leu-
3a-PE; Becton Dickinson, Mountain View, CA). The Mann-Whitney test was used for com
parison of mean values of all four quantified antibodies between groups. A value of P < 0.05 
was considered significant. 
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Results 

HCV antibody profiles in HIV-seropositive individuals 
The 6 HIV-coinfected individuals in this study were all infected with HCV genotype 1. Elisa 
results remained positive during follow-up, but a gradual loss of antibodies to different antigens 
of HCV genotype 1 was found in all 6 individuals over time (Fig. 1). 
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Figure 1. Patterns of HCV viraemia and serological responses in 6 HTV-coinfected individuals. HCV vi-
raemia was determined by RT-PCR and bDNA. PCR results are shown as plus or minus, whereas bDNA 
values are indicated by the bold line, expressed as HCV RNA copies/ml. The dotted line represents the 
detection limit of the bDNA assay. The open bar indicates EIA 3.0 results, and quantitative antibody lev
els to Core (circle), NS3 (star), NS4 (diamond), and NS5 (triangle) are indicated. 
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Antibodies to HCVgenotype 1 in persons with and without HW-coinfection 
Samples with known HCV load, known HCV genotype and known antibody responses to 
Core, NS3, NS4, and NS5, were analyzed and used to compare individuals coinfected with 
HIV (n=6) versus individuals infected with HCV alone (n=5). Individuals without HTV-
coinfection, had significantly higher median NS3 antibody titers (2.61 RI vs 1.40 RI; P=0.03) 
and median NS5 antibody titers (2.05 RI vs 0.04 RI; P=0.001) than the group of HTV-
coinfected individuals, whereas Core and NS4 were not significantly different between the two 
groups (Fig. 2). As previously reported [3], median HCV loads in HTV co-infected individuals 
were significantly higher as compared to HTV negative individuals (1.0 x 107 HCV RNA/ml vs 
2.7 x 106 HCV RNA/ml; P=0.009; Fig. 2). 

Genotype 1 

Figure 2. Scattergram of HCV RNA load and antibody responses to Core, NS3, NS4, and NS5 in HIV-
positive individuals infected with HCV genotype 1 compared to HIV-negative individuals infected with 
HCV genotype 1. Median values are indicated by short horizontal bars, and the detection limit of the 
bDNA (2 x 105 HCV RNA geq/ml) is indicated by the dotted Une. 
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CD4+ cell number in relation to HCV antibodies 
Of the 6 coinfected subjects, 3 (50%) had a significant decline in antibody responses to at least 
2 antigens at the end of the study period, as well as a significant decline in CD4+ cell numbers 
(.P<0.05). In contrast, individuals 0245 and 1083 had less than 500 CD4+ cell numbers/ul at 
entry of the study period and remained anti-Core positive until the end of follow-up. Individual 
1217 had CD4+ cell numbers above 500 cells/1 during the whole study period, without a signif
icant decline, and only the antibodies to NS4 decreased significantly (P<0.05). Among the 5 
subjects without HTV-coinfection, none had a significant decline in antibody responses to at 
least 2 antigens at the end of the study period, as well as no significant decline in CD4+ cell 
numbers was observed (Table 1). 

Table 1. Antibody levels to 4 HCV antigens in relation to CD4+ cell numbers. 

IDU follow-up CD4+' CD4+2 C1 C2 NS31 NS32 NS4' NS42 NS5' NS52 

0245 2 230 100 1.81 1.36 0.18 0.10 0.01 0.03 0.00 0.01 

1020 7 830 360 0.01 0.00 1.81 0.80 0.70 0.02 1.51 0.04 

1083 8 400 300 0.87 0.91 1.38 0.07 0.15 0.02 0.03 0.02 

1217 4 1114 1310 0.93 0.73 2.70 3.38 3.47 0.77 0.06 0.56 

5044 6 1380 160 2.87 2.35 3.06 1.05 4.20 0.97 3.29 0.34 

6048 7 920 190 1.58 0.44 1.38 0.81 0.00 0.01 0.00 0.01 

Note: Follow-up is in years after HTV coinfection. 
'Beginning of study period during coinfection. 
2End of study period. 

Discussion 
Coinfections with HCV and HTV have been studied extensively, with regard to the direct or 
immune-mediated influence of HTV on the replication rate of HCV [3] and on the loss of anti
bodies to HCV [2]. Loss of antibodies to HCV, or seroreversion, results mainly from immuno
logical disorders caused by therapy or HTV-coinfections, but they also occur spontaneously 
[12]. Currently, the gold standard for the detection of HCV infection is the detection of anti
bodies to HCV by second or third-generation ELISA, with confirmation by RIBA™ to at least 
2 antigens. We showed previously that a decline in NS3 and NS5 antibodies to HCV among 
HlV-negative persons was accompanied by apparent viral clearance from blood, whereas per
sistent viraemia was accompanied by significantly higher HCV antibody responses to NS3 and 
NS5, a phenomenon that may reflect the increase in antigenic mass in the presence of an intact 
immune system (Beid et al. Hepatology in press). 

The present study shows that in HIV-positive injecting drug users a gradual loss of anti
bodies to HCV occurs, despite persistent HCV infection. Antibodies to HCV are more accu
rately detected in HIV-positive individuals by EIA 3.0 than by RD3A™, as indicated by our 
finding that EIA 3.0 results remained positive throughout the study period regardless of im
mune status, as well as an earlier finding among HCV-positive and HTV-coinfected haemophili
acs [4]. Our comparison of individuals persistently infected with HCV genotype 1 with and 
without HTV infection, revealed that antibody titers to NS3 and NS5 were lower in those with 
HTV-coinfection. Moreover, HCV RNA levels were significantly higher in HTV-coinfected in-
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dividuals than in individuals persistently infected with HCV who remained HTV-negative dur
ing the study period. There appeared to be no distinguishing différences in the sequence of loss 
of HCV antibodies, which were decaying with dissimilar rates. Antibodies to Core appeared to 
be most persistent, followed by antibodies to NS3, but both declined over time in individuals in 
whom Core and NS3 were initially detectable. Even with marked declines in CD4+ cell num
bers over time, or initially low CD4+ cell numbers, antibody responses to Core were more sta
ble, followed by NS3, NS4, and NS5. Antibodies to Core thus appear to be the most persistent 
and least dependent on the immune status, a finding that may be of diagnostic significance of 
HCV infection among patients coinfected with HTV. 

These findings suggest that HTV infection influences antibody responses to certain HCV 
antigens and leads to significantly decreased antibody titers to NS3 and NS5 accompanied by 
significantly increased HCV RNA levels. These results, contrast previous findings (Beld et al., 
submitted) [6-8], in which HTV-negative individuals with transient HCV RNA levels or clear
ance of HCV RNA from blood showed significantly decreased antibody levels to NS3 and 
NS5. Therefore, using a decline in antibody titers to NS3 and NS5 for efficacy for monitoring 
HCV therapy among HTV-coinfected individuals is dissuaded. 
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General discussion 

Infectivity and HCV detection assays 
Since its discovery in 1989 ', numerous questions have been raised about HCV, of which many 
remain unanswered. HCV infects the liver, replicates primarily in hepatocytes, and is responsi
ble for the onset of liver disease, which is usually characterized by liver enzyme abnormalities. 
HCV infection can be diagnosed by indirect antibody assays or by the direct molecular detec
tion of HCV RNA. HCV antibody assays have been most widely used, because the level of 
circulating HCV antigens in serum is too low to be detected by convential enzyme 
immunoassays. One disadvantage of using antibody detection for diagnosis is that it does not 
discriminate between ongoing and resolved HCV infections, but it remains the "gold standard" 
for the identification of HCV infection. The presence of antibodies to HCV almost always indi
cates infectivity, particularly in haemodialysis patients 2, haemophiliacs 3, and patients with 
chronic HCV4,s. The third-generation screening assay (EIA 3.0; Abbott Laboratories, Chica
go, IL) contains NS4 antigens, reconfigured Core and NS3 antigens, plus an additional NS5 
antigen not present in the EIA 2.0 test. Positive EIA results usually are confirmed by RIBA 
(Chiron Corp., Emeryville, CA), to help resolve false-positive EIA test results. A positive 
RIBA result requires reactivity in at least two band positions. However, a second disadvantage 
of antibody detection is that assays usually are negative in the acute phase of HCV infection. 
HCV needs a certain incubation period -the seronegative window phase- and may be detected 
by direct molecular assays during this period. The mean time to seroconversion in transfusion 
recipients has been shortened to 8 weeks using third-generation assays 6J, but testing in high-
prevalence populations indicates that not all HCV RNA-positive patients are identified with 
EIA screening tests 5'8,9. Molecular amplification technologies are therefore an increasingly 
important tool for confirming the diagnosis of HCV by qualitative PCR-methods, as was de
scribed in chapter 2. During the acute phase of infection, detection of HCV RNA is the only 
method that can determine viraemia, since no antibodies to HCV are detectable. We studied 
the seronegative window-phases and the presence of HCV RNA in 19 seroconverting injecting 
drug users in an attempt to identify the proportion of serologically undiscovered HCV carriers. 
We identified a substantial proportion of silent HCV carriers, in whom antibody-responses 
were absent for more than one year prior to seroconversion, independent of HlV-status, as 
seen earlier in high-risk groups. One single explanation for these prolonged window-phases is 
elusive, but several will be discussed. The most obvious reason may be the sensitivity of the 
antibody test for the diagnosis of HCV infection. Since this was the problem in predecessor 
antibody tests, it cannot be ruled out that future serological assays with enhanced performance 
in terms of sensitivity (including more epitopes) would shorten the seronegative window-
phase. However, recognition of antigens by helper T-lymphocytes (TH cells) normally leads, 
depending on the lymphokine repertoire, to increased number and responsiveness of B-cells. It 
might be that a certain threshold of antigenic-mass is needed for sufficient exposure to Tm 

cells, since our silent carriers had low levels of HCV RNA before seroconversion. The fact that 
HCV RNA was found in serum at such low levels suggests that HCV replication is 
downregulated while the virus persists in the liver or other putative extrahepatic reservoirs in a 
quiescent state. Allowing the virus to "hide" from the host, this state may protect its environ
ment by inducing an indolent disease that does not destroy its target-cells. Loss of antibodies, 
or seroreversion, accompanied by viral clearance, as observed in untreated immunocompetent 
humans 10 and chimpanzees u and described by us in chapter 4 may, also explain the prolonged 
window-phases in some injecting drug users. The life-style of injecting drug users may also be 
an important factor for delayed or lacking antibody responses. The frequent injection of drugs 
contributes not only to reexposure and reinfections with HCV but also to higher levels of an-
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ergy, which is reflected by lower anti-CD3 responses 12. In conclusion, independent of HTV 
infection, the immune-system appears to be sometimes unable to mount a sufficient antibody 
response to HCV infection. The virus seems to be able to "hide", and the antibody response is 
absent or at least delayed. Therefore, direct detection of the virus by RT-PCR should be used 
in addition to serological assays, to further shorten the seronegative window-phase in HCV-
infected individuals. This approach may resolve the problem of silent carriers in low- and high-
risk groups. 

HCV RNA levels and genotypes in relation to disease 
Quantitative measurements of circulating virus during the course of infection and following 
antiviral therapy has led to major insights into the natural history of HCV and its response to 
interferon therapy. Whether, HCV RNA levels in serum and plasma and the various genotypes 
are related to disease progression is still a matter of debate. Elevation of ALT levels merely 
defines existing liver disease and damage of parenchymal liver cells; it correlates poorly with 
chronic HCV infection, as was found in several studies 13U. However, HCV RNA levels may 
fluctuate dramatically, and they sometimes show a temporal relationship to fluctuation in serum 
ALT. In such cases, a rise in HCV RNA immediately precedes the rise in ALT 15, suggesting, 
that a burst of viral replication may cause liver damage, either by direct cytotoxicity and im
mune complex formation, or indirectly, by mediation of cytotoxic T-cell responses. Typically, 
the temporal relation between HCV RNA level and ALT level is often absent, because HCV 
may persists at high levels for long periods, forming HCV-antibody complexes without causing 
significant hepatocellular inflamation. We studied the levels of ALT in relation to HCV RNA 
levels and genotypes at different stages of HCV infection among 19 seroconverting injecting 
drag users, as described in chapter 3 of this thesis 16. Mean ALT levels were above the upper 
limit of the normal range of 37 U/Uter in the first six months after HCV seroconversion, but 
they were below the upper limit of the normal range after a mean follow-up of five years, with 
no relationship during the early or chronic phase of infection to HCV RNA levels or genotype. 
Other studies of chronically HCV-infected patients, have shown HCV RNA levels and ALT 
values not to be associated with the progression or presence of liver fibrosis, cirrhosis, or 
hepatocellular carcinoma I7"20. Therefore, ALT may be used as a diagnostic marker only during 
the acute phase of HCV infection, whereas viral properties, such as HCV RNA levels and ge
notypes, may finally turn out to be poor prognostic disease markers during HCV infection. 

Relationship of structural and nonstructural proteins with HCVviraemia 
In chapter 4 the correlation, between possible viral clearance and detectable antibody re
sponses to core, NS3, NS4, and NS5 were described. Chronic or persistent HCV infection, as 
measured by direct molecular techniques, is usually estimated to develop in the range of 60-
80% of persons infected with HCV W 1 . In virtually all persistently infected individuals, there 
are antibody levels to core, El/2, NS3, NS4, and NS5 proteins, suggesting that these antibod
ies have a minimal role in viral clearance and immunity. Given the high frequency of persis
tence, the main issue is why the majority of patients are persistently infected and whether any 
patients completely clear the virus. The mechanism of viral persistence probably resides in the 
ability of HCV to mutate rapidly under immune pressure and to exist as related but immuno
logically distinct variants, with most mutations occurring in the hypervariable region (HVR) of 
the envelope. It was recently demonstrated that chimpazees vaccinated with recombinant El 
and E2 envelope proteins were protected from homologous HCV challenge due to the pres
ence of antibodies capable of inhibiting the binding of E2, suggesting that E2 may be responsi
ble for binding of HCV to target cells22. Moreover, in another study it was shown that binding 
of E2 to CD81, a putative receptor, was prevented by neutralizing antibodies directed to E223. 
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Therefore, escape of the virus from antibodies directed to the envelope proteins of HCV prob
ably coincides with the persistence of the virus. Chimpanzee studies have shown that despite 
the presence of antibodies against nonstructural and structural HCV proteins (including 
E1/E2), homologous and heterologous rechallenge result in multiple episodes of acute hepati
tis. This finding suggests that genotype-specific antibody responses do not always provide pro
tective immunity^ but the exact mechanisms of viral selection still remain unclear 24-25. In our 
study of 13 patients, putative HCV clearance from blood was found in an unexpectedly high 
percentage (5 of 13 or 38.5%) among HCV-infected immunocompetent individuals. In 4 of 
these individuals, viral clearance from blood with gradual loss of antibodies to various HCV 
proteins, independent of HCV genotype, was observed, within approximately 1 year after HCV 
seroconversion, whereas 1 of these individuals cleared the virus from blood with complete 
seroreversion. Persistent antibody responses to core, NS3, NS4, and NS5 were indicative of 
persistent viraemia, and no evidence was obtained for protection against new infections. In 
contrast, viral clearance was associated with a significant decrease of antibodies to NS3 and 
NS5, as compared to individuals with persistent viraemia. A significant decrease of antibodies 
to NS3 and NS5 could be used in addition to HCV RNA, as diagnostic markers of chronic 
HCV infection and might be an alternative for monitoring the efficacy of HCV therapy. 

HCV genotypes as a pitfall for antibody-assays 
The analysis of antibody responses with respect to HCV genotypes revealed a difference be
tween genotype 1 and other genotypes, as described in chapter 4. In individuals infected with 
HCV genotype 1, the median antibody responses to all four proteins were higher than in indi
viduals infected with other genotypes and median antibody responses to core and NS4 were 
significantly higher. Since serological screening-assays are based on HCV genotype 1, these 
differences in antibody responses could be an artifact of the assays. Alignments of amino acids 
in these regions, as used in the RJBA 3.0 assay, revealed genotype-specific sequences in those 
coding for core and NS4, especially in the 5-1-lp peptide. Although the core region of HCV is 
the most conserved region used in the RJBA assay, even antibody titers to core were observed 
to be influenced by antigenic variation. In individuals infected with HCV genotype 1, signifi
cantly higher median antibody responses to both core and NS4 were found, as compared to 
those infected with other genotypes, suggesting a significant impact of NS4 and core epitope 
variability on core and NS4 seroreactivity. Several other authors have reported comparable 
results, proposing that the RIBA assays are suboptimal for screening and confirmation of infec
tions with HCV genotypes other than genotype 1 26~28. These findings show that genotype af
fects the sensitivity and specificity of serological screening-assays,which therefore may under
estimate the total prevalence of HVC-infected individuals. 
Comparable findings were observed using a RJBA serotyping SIA assay based on 
seroreactivity to core and NS4, as described in chapter 5. Several methods have been de
scribed for HCV genotyping, but they are complex and require proper handling and storage of 
specimens 29'31. Serotyping may be a rapid and cost-effective alternative for routine use and for 
screening large populations for the determination of HCV genotypes, but it is dependent on 
antibody responses to antigens implemented in the assay, and the sensitivity is limited by the 
immunocompetence of the infected host. HCV serotypes are determined primarily on the basis 
of reactivity to NS4 serotype-specific HCV antigens, which distinguish between types 1, 2, and 
3. In the absence of NS4 reactivity, core reactivity is used to determine serotypes. However, 
cross-reactivity between type 1 and 3 HCV antibody to the core peptide makes it impossible to 
distinguish between these two types. In general, we found that samples from HIV-negative in
dividuals containing genotype la showed a higher sensitivity, specificity, and concordance in 
the serotyping assay, whereas samples containing genotype 3a were more often cross-reactive 
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and untypeable. The prevalence of genotypes other than genotype 1 could thus be underesti
mated if determined by serotyping. Although PCR remains the gold standard because of its 
higher sensitivity and specificity, the RIBA HCV serotyping SIA assay could be useful in 
screening large numbers of immunocompetent HCV-infected individuals and providing epide
miological data, but improvements in its specificity are recommended. 

Impact of HJV-coinfection on HCV 
HTV-coinfections influence significantly the reactivity to serotype-specific core and NS4 anti
gens, most probably by immunesuppression (chapter 5). Whether HTV extends its range of 
pathogenic mechanisms was described in chapter 6 n and 7. Virus interactions can easily be 
studied in HCV risk groups that have high prevalences of HTV. Since HCV and HTV share par
enteral transmission routes, coinfections are frequently found in injecting drug users8". In our 
19 HCV seroconverters, we studied the direct effect of HTV on HCV replication during a mean 
study period of 5.4 years by comparing HCV levels among 10 individuals remaining HTV-sero-
negative during follow-up, 5 individuals seroconverting for HTV during the study period, and 4 
individuals who were HTV-seropositive at the start of the study period. HCV RNA levels were 
higher in the HIV-positive group than in the HTV-negative group, and the HCV RNA detected 
in HTV seroconverters rose from levels that were indistinguishable from those of the HTV nega
tive group to levels comparable to those of the HIV-positive group. In addition, when subjects 
were stratified according to CD4+ cell counts, a significant difference was found in HCV RNA 
levels between the HTV-negative and HIV-positive group. This independent effect could be 
confirmed among the HTV seroconverters. At HTV seroconversion, HCV RNA levels were 
significantly higher and remained high, whereas CD4+ cell counts were relatively stable during 
the first year after HTV seroconversion but declined later during HTV infection, as described in 
another study34. The possible direct effect of HTV on HCV replication was not associated with 
the level of HTV in blood, indicating that HTV or HTV proteins may enhance HCV replication 
when a certain threshold is reached. Thus HTV may insome way directly affect HCV replica
tion, or HTV may possibly reduces HCV-specific immunity through impairment of the overall 
immune response. The negative influence of HTV on the natural history of HCV was supported 
in chapter 7 and in other studies*5-36. Loss of antibodies to HCV, or seroreversion, may largely 
result from immunological disorders caused by therapy or by HTV-coinfections (chapter 5), but 
it also occurs spontaneously, accompanied with viral clearance (chapter 2 and 4). Currently, 
the gold standard for the detection of HCV infection is the detection of antibodies to HCV by 
second- or third-generation EIA, with confirmation of at least 2 antigens by RIBA 3.0. Anti
bodies to HCV are more accurately detected in HIV-positive individuals by EIA 3.0 than by 
RTBA 3.0, as indicated by our finding that EIA 3.0 results remained positive throughout the 
study period regardless of immune status and by a report from another group studying HCV-
positive and HTV-coinfected haemophiliacs ". In HTV-negative individuals infected with HCV 
genotype 1, antibody titers to NS3 and NS5 were significantly lower and HCV RNA levels 
were significantly higher than in HIV-positive individuals infected with HCV genotype 1. Anti
bodies to core were shown to be both less dependent on HTV or immune status and more per
sistent than antibodies to NS3, NS4, and NS5, a finding that may be significant for the diagno
sis of HCV infection among patients coinfected with HTV. HTV infection appears to influence 
antibody responses to certain HCV antigens, leading to significantly decreased antibody titers 
to NS3 and NS5 accompanied by significantly increased HCV RNA levels. Although 
contradictionary reports were published about the influence of HTV-coinfections on the sever
ity of liver disease ^-40, introduction of HTV into areas with endemic HCV infections may influ
ence the natural history of HCV. 

132 



Final remarks 
The pivotal questions for HCV-infected patients, as well as for researchers and clinicians, re
main: who progresses to liver disease most rapidly and who should be included in clinical trials. 
Currently, treatment is recommended for patients with persistently elevated ALT levels, detect
able HCV RNA, and findings of moderate inflammation of liver tissue. Duration and type of 
treatment regimen (drug and dosage) seem to have a major impact on the outcome of HCV 
infection 41'42. Monotherapy with interferon is less effective than the combination therapy of 
interferon plus ribavirin 42. Ribavirin is a synthetic guanosine analogue with activity against 
DNA and RNA viruses, but with an unknown molecular mechanism43. In addition to its direct 
antiviral effect, it may have an immunomodulatory effect, at least in patients infected with HTV, 
by inhibiting Th2 cytokine production and stimulating Thl cytokine production, resulting in 
strong CTL responses 43. The combination therapy doubles the response rate as measured by 
virological and biochemical parameters in patients with chronic HCV who have not previously 
been treated42. Many other antiviral drugs may be soon available and other combination thera
pies may be even more efficient. At present, however, clinicians should be cautious about treat
ing HCV-infected individuals too early with currently available therapies, because such treat
ment may lead to the circulation of drug-resistant mutants. Giving the low pathogenicity of 
HCV, as compared to HTV, and the few effective anti-HCV drugs, a conservative attitude to
ward HCV-treatment may be warranted until more anti-HCV drugs have become available. 
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Summary 
HCV infection is in the majority of infected individuals followed by a long and variable asymp
tomatic period. This prolonged and usually asymptomatic period of HCV infection is charac
terized by fluctuating RNA levels, ALT levels, and erratic antibody responses. The studies de
scribed in this thesis attempt to gain insight into the natural history of HCV, considering differ
ent markers for infection and possible predictors for a persistent infection. 

The general characteristics of hepatitis and different features of HCV, from discovery to 
viral therapy, are reviewed in chapter 1. 

In chapter 2, the lenght of the window-phase among 19 seroconverters is described. Se
quential serum and independent plasma and PBMC samples were tested for HCV RNA to es
tablish the antibody-negative carrier status among IDUs. HCV RNA was detected in serum 
before seroconversion in 12 (63.2%) of the 19 seroconverters independent of HTV status. In 7 
of these 12, the window-phase was relatively short (2-10 months). The other 5, had low levels 
of HCV RNA before seroconversion for a period of more than 12 months, with a mean of 40.8 
months (range 13-94). In all 5 individuals, independent repeats of the experiments confirmed 
the presence of HCV RNA in serum, and in 3 of these 5 individuals, HCV-positivity was con
firmed in independently collected plasma and PBMC samples. These results support that HCV 
RNA detection is recommended for screening low and high risk groups in identifying silent 
carriers. 

Different factors are proposed to determine the clinical outcome of HCV infection and in 
chapter 3, HCV RNA levels and genotypes were determined to assess the natural course of 
HCV infection in 19 untreated HCV seroconverters. Three distinct patterns were found, ac
cording to the HCV RNA load after seroconversion during a mean follow-up of 5 years (range 
1-8). There was a significant increase in serum ALT levels (mean 55.5 U/l) in the early phase 
of HCV infection, compared with the basal serum ALT levels before HCV seroconversion and 
at the end of the follow-up. The 3 distinct HCV RNA load profiles had no relationship with 
genotype and serum ALT levels in the first 5 years of HCV infection. 

In chapter 4, quantitative antibody levels to core, NS3, NS4, and NS5 were studied, in 
relation to genotype and HCV RNA levels in 13 untreated HTV-negative individuals. Subjects 
included 13 untreated HTV-negative individuals of whom 5 (38.5%) apparently cleared HCV, 3 
(23.1%) showed transient viraemia, whereas the other 5 (38.5%) showed persistent viraemia. 
In individuals infected with HCV genotype 1, significant higher median antibody responses to 
core (P=0.02) and to NS4 (P=0.04) were found as compared to those infected with other ge
notypes, most probably due to the fact that the RIBA assay is based on genotype 1. In groups 
infected with HCV genotype 1, significantly higher median NS3 antibody titers (2.61 RI vs 
0.38 RI; P=0.003) were found in the individuals with persistent viraemia than in those with 
apparent resolution of HCV RNA in blood. In groups infected with genotypes other than geno
type 1, significantly higher median NS3 antibody titers (0.89 RI vs 0.03 RI; P=0.0004) and 
NS5 antibody titers (1.86 RI vs 0.01 RI; />=0.006) were found in the individuals with persistent 
viraemia than in those with apparent resolution of HCV RNA in blood. Individuals with viral 
persistence had higher HCV RNA loads with higher antibody responses as compared to indi
viduals with apparent viral clearance from blood. Apparent viral clearance from blood was ob
served in an unexpected high percentage (38.5%), associated with a significant decrease of an
tibodies to NS3, independent of HCV genotype, as compared to individuals with persistent 
viraemia (P<0.005). Apparent viral clearance from blood with gradual loss of antibodies to 
various HCV proteins, independent of HCV genotype, was observed in 4 of the 5 individuals 
within approximately 1 year after HCV seroconversion, whereas 1 of these individuals appar
ently cleared the virus from blood with complete seroreversion. 
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In chapter 5, the RIBA HCV serotyping SIA was evaluated on 331 chronically infected 
IDUs, of which 167 were coinfected with HIV. Among the 331 specimens, serotype-specific 
antibodies were detected in 250 (sensitivity of 75.5%), in which serotype 1 was predominant 
(57.2%), followed by serotype 3 (26.8%). Excluding the HTV-coinfected individuals, serotype-
specific antibodies were detected in 151 (sensitivity of 92.1%), in which serotype 1 was pre
dominant (59.6%), followed by serotype 3 (33.8%). In a subset of 58 samples serotypes were 
compared with genotypes revealing a sensitivity of 65.5% with a specificity of 78.9%, and a 
positive predictive value of 51.7%. Of the 58 samples, 23 were coinfected with HTV and, when 
these were excluded, the total sensitivity increased up to 76.5% with a total specificity of 
80.8%, and a total positive predictive value of 61.8%. The sensitivity of the RIBA HCV 
serotyping SIA assay is limited by the immunocompetence of the HCV-infected host. In gen
eral, samples from HTV negative individuals containing genotype la showed higher sensitivity, 
specificity, and concordance in the serotyping assay, where samples containing genotype 3a 
were found to be more cross-reactive and untypeable. 

In chapter 6, the impact of HIV and the possible mechanism by which HTV influences 
HCV replication was described. HCV RNA levels were higher in HIV-positive subjects than in 
HIV-negative subjects. In subjects seroconverting for HTV, HCV RNA levels increased signifi
cantly immediately after HTV seroconversion (.PO.0001), while they remained stable over time 
in HIV-positive and HIV-negative subjects. HCV RNA correlated significantly with CD4+ cell 
counts in both the HIV-positive population (Ä=-0.22, P<0.05) and the EDV-negative popula
tion (R=-QA5, 7><0.0001). In addition, when subjects were stratified according to CD4+ cell 
counts a significant difference was found in HCV RNA levels between HIV-positive and HIV-
negative subjects with CD4+ cell counts >500 cells/ul (P=0.001), but not in the population 
with CD4+ cell counts <500 cells/ul. Both HTV infection and CD4+ cell counts are apparently 
associated with HCV RNA levels. 

In chapter 7, a longitudinal study of markers of HCV infection due to HCV genotype 1 
was conducted in 6 HIV-coinfected individuals in comparison with 5 HTV negative individuals. 
In the 6 HIV-positive individuals, a quantitative loss of antibodies to all tested antigens to 
HCV was seen overtime, despite persistent HCV RNA levels. Comparison of this group with 
the HIV-negative group revealed that individuals coinfected with HTV have significant lower 
antibody titers to NS3 (P=0.03) and NS5 (P=0.001) while having significant higher levels of 
HCV RNA (P=0.009). With marked decline of the HCV antibodies, there was a marked de
cline in CD4+ cell numbers in 50% of HTV coinfected individuals. However, titers of antibod
ies to core appeared most stable and persistent during HTV-coinfection. It is concluded that 
HTV infection influences the antibody response to certain HCV antigens, leading to decreased 
antibody titers to NS3 and NS5 accompanied by increased HCV RNA levels. 

In chapter 8, the general discussion and findings of studies presented in this thesis are 
discussed in the light of other studies and their implications for future research are described. 
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Samenvatting 
Een hepatitis C virus (HCV) infectie wordt in de meerderheid van de geïnfecteerde individuen 
gevolgd door een lange en variabele asymptomatische periode. Deze periode wordt gekarakte
riseerd door fluctuerende hoeveelheden HCV ribonucleine zuur (RNA) en alanine aminotranfe-
rase (ALT) spiegels en meestal een onvoorspelbare reactie van het immuun systeem ten aan
zien van het aanmaken of meetbaar zijn van HCV specifieke antistoffen (seroconversie). Het 
doel van dit proefschrift is te onderzoeken wat het natuurlijk verloop van een HCV infectie is, 
rekening houdend met de verschillende mogelijkheden voor de detectie van dit virus 

In hoofdstuk 1 worden de algemene karakteristieken van hepatitis (leveronsteking) en de 
verschillende kenmerken van HCV beücht vanaf haar ontdekking tot en met de huidige moge
lijkheden voor virale therapie. 

In hoofdstuk 2 wordt de lengte van de periode, gerekend vanaf het moment van HCV 
infectie tot aan seroconversie van HCV, beschreven bij intraveneuze drugs gebruikers (IDU). 
Deze periode wordt de zogenaamde seronegatieve drager status of "window-fàse" genoemd. 
Om de "window-fase" te bepalen werden achtereenvolgende serum en onafhankelijk afgeno
men plasma en witte bloedcel (PBMC) monsters getest op de aanwezigheid van HCV RNA 
voor en na HCV seroconversie. HCV RNA werd in 12 (63,2%) van in totaal 19 HCV serocon-
verters gevonden voor HCV seroconversie onafhankelijk van de HTV status. De "window-fa
se" was relatief kort bij 7 van de 12 individuen (2-10 maanden). De resterende 5, hadden een 
gemiddelde "window-fase" van 40,8 maanden (variërend van 13-94 maanden) terwijl de hoe
veelheid detecteerbaar HCV RNA in bloed voor HCV seroconversie laag was. Deze resultaten 
werden geconfirmeerd in onafhankelijk isolatie- en amplificatie bepalingen in serum en onaf
hankelijk afgenomen plasma en PBMC monsters. De gevonden resultaten in deze studie geven 
aan dat de directe HCV RNA detectie in plaats van de indirecte HCV antistof bepaling aanbe
velingswaardig is voor de screening van populaties behorende tot de hoge- (IDU) en lage risico 
groepen (donoren) voor de identificatie van seronegatieve dragers. 

Verschillende parameters (hoeveelheid virus en genotype) worden genoemd als voorspel
lende factor voor de klinische uitkomst van een HCV infectie. In hoofdstuk 3 wordt de invloed 
van de hoeveelheid HCV RNA en de invloed van het betreffende genotype op beschadiging 
van de lever beschreven. Drie verschillende patronen werden gevonden, al naar gelang de hoe
veelheid HCV RNA in bloed na seroconversie tijdens een gemiddelde periode van 5 jaar (vari
ërend van 1-8 jaar). Vergeleken met de basale ALT spiegels voorafgaand aan HCV serocon
versie en tijdens de chronische fase van infectie, werden er statistisch significante verhoogde 
ALT spiegels (gemiddeld 55,5 U/l) tijdens de vroege fase van de HCV infectie gevonden. De 3 
HCV RNA patronen vertoonden geen relatie tot het genotype en de ALT spiegel tijdens de 
eerste 5 jaar van de HCV infectie. 

In hoofdstuk 4 worden de geproduceerde antistoffen gericht tegen core, NS3, NS4 en 
NS5 bestudeerd, in relatie tot het genotype en de hoeveelheid HCV RNA in het bloed van 13 
onbehandelde HTV-negatieve patiënten. In 5 patiënten werd een persisterende infectie gecon
stateerd, terwijl in 3 patiënten het HCV RNA kortstondig detecteerbaar was. In de resterende 
5 patiënten was het HCV RNA niet meer detecteerbaar in achtereenvolgende bloedmonsters. 
In het bloed van patiënten die geïnfecteerd zijn met HCV genotype 1 werd een significant ho
gere antistof respons tegen core (P=0,02) en NS4 (P=0,04) gevonden dan in de patiënten ge
ïnfecteerd met andere HCV genotypes. De meest voor de hand liggende verklaring van dit fe
nomeen is het feit dat de assay gebaseerd is op HCV genotype 1, waardoor de kruisreactiviteit 
met andere HCV genotypes lager is. Om het genotype vooroordeel van de test te voorkomen 
werden groepen ingedeeld naar genotype en vervolgens onderling met elkaar vergeleken. In de 
groep geïnfecteerd met HCV genotype 1 werden significant hogere NS3 antistof titers (2,61 RI 
vs 0,38 RI; /M),003) gemeten in patiënten met een persisterende HCV infectie in vergelijking 
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met patiënten die het virus ogenschijnlijk klaarden. Deze waarneming was nog sterker in de 
groep geïnfecteerd met andere HCV genotypes. Niet alleen hogere NS3 antistof titers (0,89 RI 
vs 0,03 RI; P=0,0004), maar ook hogere NS5 antistof titers (1,86 RI vs 0,01 RI; P=0,006) 
werden gevonden in patiënten met een persisterende HCV infectie in vergelijking met patiënten 
die het virus ogenschijnlijk klaarden. Bovendien hadden patiënten met een persisterende HCV 
infectie hogere hoeveelheden HCV in het bloed in vergelijking met patiënten die het virus 
ogenschijnlijk klaarden. Deze klaring van HCV uit bloed werd in een onverwacht hoog percen
tage (38,5%) gevonden, was onafhankelijk van het HCV genotype en ging gepaard met een 
significante daling van de NS3 antistof titer (P<0.005). Klaring van HCV uit bloed in combina
tie met een geleidelijke daling van antistoffen tegen verschillende HCV eiwitten, werd waarge
nomen in 4 van de 5 patiënten binnen 1 jaar na HCV seroconversie, terwijl bij 1 van deze pa-
tienten de klaring van HCV uit bloed gepaard ging met een complete seroreversie. 

In hoofdstuk 5 wordt een evaluatie van de REA HCV serotyperingstest op sera van 331 
intraveneuze drugs gebruikers met een chronisch HCV infectie (waarvan 167 tevens met HTV 
gecoïnfecteerd waren) beschreven. Belangrijk bij de interpretatie van de diagnostische waarde 
van een bepaald test zijn de termen gevoeligheid (het vermogen van een test om personen te 
identificeren die geinfecteerd zijn), specificiteit (het vermogen van een test om het juiste seroty
pe te bepalen in het totale aantal sera die reactief zijn in de serotyperingstest) en de voorspel
lende waarde van een test ten opzichte van andere testen (aantal goede serotypes ten opzichte 
van genotypering). Van de 331 geteste sera, werden serotype specifieke antistoffen gevonden 
in slechts 250 sera (gevoeligheid 75,5%), waarin serotype 1 predominant was (57,2%) gevolgd 
door serotype 3 (26,8%). Door de exclusie van patiënten die tevens met HTV geïnfecteerd, 
werden serotype specifieke antistoffen gevonden in 151 sera (gevoeligheid 92,1%). In een 
dwarsdoorsnede van willekeurig gekozen sera (n=58) waarvan de genotypes bekend waren 
werd een vergelijk gemaakt met de serotypes. Hieruit bleek dat de serotyperingstest een gevoe
ligheid van slechts 65,5%, een specificiteit van 78,9% en voorspellende waarde van 51,7% ten 
opzichte van de genotyperingstest te hebben. Echter, van de 58 monsters met het bekende ge
notype waren er 23 gecoïnfecteerd met HTV en exclusie van deze sera, verhoogde de gevoelig
heid tot 76,5%, met een specificiteit van 80,8% en een voorspellende waarde van 61,8%. De 
gevoeligheid van de RD3A HCV serotyperingstest werd negatief beïnvloed door de immuun-
competentie van de HCV geïnfecteerde gastheer. In het algemeen bleken sera van patiënten 
met een normaal immuunsysteem en geïnfecteerd met HCV genotype la beter detecteerbaar in 
de serotyperingstest, terwijl sera geïnfecteerd met HCV genotype 3a vaker negatief waren in 
de serotyperingsstest. Bovendien vertoonden deze laatste sera kruisreactiviteit. 

In hoofdstuk 6 wordt de invloed van HTV en het mechanisme waarmee HTV de replicatie 
van HCV beïnvloed beschreven. De hoeveelheid HCV RNA was hoger in HTV positieve pa-
tienten dan in HTV negatieve patiënten. De hoeveelheid HCV RNA steeg direct na HTV sero
conversie (P<0,0001), terwijl de hoeveelheid HCV RNA stabiel bleef gedurende de tijd dat 
deze patiënten vervolgd werden bij zowel HTV negatieve patiënten als HTV positieve patiënten. 
HCV RNA correleerde significant met de hoeveelheid CD4+ cellen in zowel de HTV positieve 
populatie (Ä=-0,22; P<0,05) als in de HTV negatieve populatie (Ä=-0,45; P<0,0001). Boven
dien bleek, na een indeling van de totale populatie naar de hoeveelheid CD4+ cellen, een signi
ficant verschil te bestaan in HCV RNA hoeveelheden tussen enerzijds de HTV positieve patiën
ten en anderzijds de HTV negatieve patiënten met meer dan 500 CD4+ cellen/ul (P=0,001). 
Geconcludeerd werd dat zowel een HTV infectie op zichzelf, als de door HTV veroorzaakte 
imuunsuppressie, gemeten in een daling van de hoeveelheid CD4+ cellen, van invloed zijn op 
de replicatie van HCV. 

In hoofdstuk 7, worden verschillende HCV specifieke markers vergeleken in patiënten 
die gecoïnfecteerd waren met HTV, ten opzichte van HTV negatieve patiënten. In HTV positie-
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ve patiënten was sprake van een kwantitatief verlies van HCV specifieke antistoffen gedurende 
het vervolg van de patiënten, ondanks persisterende hoeveelheden van HCV RNA in het bloed. 
De vergelijking van deze groep met de vergelijkbare HTV negatieve groep, toonde aan dat pa-
tienten met een HTV coïnfectie significant lagere antistof titers tegen NS3 (P=0,03) en NS5 
(P=0,001) hadden, terwijl de HCV RNA hoeveelheden significant hoger waren (7^=0,009). De 
daling in HCV antistof titers ging gepaard met een duidelijke daling van 50% in de patiënten 
met een HTV coïnfectie. HCV antistoffen gericht tegen core bleken het meest stabiel en persis
terend tijdens de HTV coïnfectie. Het bleek dat de HTV infectie de antistof respons tegen be
paalde HCV eiwitten beïnvloedt, in het bijzonder meetbaar in een daling van antistoffen tegen 
NS3 en NS5 in combinatie met hoge hoeveelheden HCV RNA in bloed. 

In hoofdstuk 8, de algemene discussie, worden de bevindingen van de in dit proefschrift 
beschreven experimenten bediscussieerd en de consequenties voor toekomstig onderzoek in de 
context van andere studies geplaatst. 
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Nawoord 
Het is een minuut voor twaalf maar het einde van drie bewogen jaren waarin dit promotieon
derzoek plaats vond is in zicht. Promotieonderzoek dat eigenlijk ooit begonnen is bij de vak
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groep Medische Microbiologie van de Universiteit van Amsterdam terecht. 
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gebruikers. Samenwerken was ons motto en zonder jouw hulp was dit proefschrift nooit zo 
snel tot stand gekomen en ik ben blij datje mijn paranimf wilt zijn. Ik wens je veel succes met 
je eigen promotie (HCV?) toe en we zullen elkaar nog zeker ontmoeten in de toekomst. Ook 
met mijn andere hepatitis-maatje, Sol Yates heb ik altijd prettig samengewerkt en ik wens ook 
jou veel succes toe met je promotie. De samenwerking werd steeds beter en ik ben daarom ook 
bhj datje mijn tweede paranimf wil zijn en wie weet zien we elkaar toch nog op dat ene cong
res ! 
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lie toekomstige verhuizing nog steeds dat kopje koffie mag komen drinken. Alle andere mede
werkers van de afdeling Humane Retrovirologie wil ik bedanken voor de tijd en sommige dis
cussies die ik met jullie heb mogen hebben. 

Alle co-auteurs wil ik bedanken voor hun inzet en bijdrage aan dit onderzoek waarbij 
Martin McMorrow especially must be acknowledged for his co-operation and hospitality. 

George, Spencer en Neal wil ik graag met naam bedanken. Jullie hebben niet alleen op 
het werk maar met name ook daar buiten een zeer ontspannen rol gespeeld in deze tijd. Ik 
hoop op nog vele mogelijkheden om die rol over te nemen waarbij ik me nu al verheug op de 
bijzondere muziekkeuze van George. 

Wim, Eelco en Rob van de fotografische dienst wil ik ook bedanken voor hulp en servi
ce. Met name Wim wil ik noemen voor al zijn geduld ten aanzien van mijn opmerkelijke nega
tieve invloed op zijn computer waarmee hij uiteindelijk toch de meest mooie figuren wist te 
maken. Tijdens mijn eindfase wisten jij en Eelco altijd weer het geduld op te brengen en mijn 
meestal bizarre humor te waarderen. Bedankt. 

Mijn nieuwe collega's van de afdeling Klinische Virologie en de bloedbank Amsterdam 
wil ik bedanken voor het in mij getoonde vertrouwen en ik hoop dat we de patiëntenzorg kun
nen blijven ondersteunen in de toekomst. 

147 



Familie, vrienden en kennissen wil ik bedanken voor het begrip voor mijn regelmatige 
mentale en fysieke afwezigheid. 

Eindelijk aangekomen op de laatste pagina mag ik de meest ondergewaardeerde partij 
vermelden tijdens het proces dat moet leiden tot promotie, je gezin. Lieve Cora en Dana, ik ben 
er weer en wü jullie beiden bedanken voor al jullie liefde, begrip en geduld tijdens deze periode. 

Ik promoveer niet alleen maar wij promoveren samen. 

148 






