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Foreword 

Chronic viral hepatitis remains one of the major medical problems for which 
neither a cure nor eradication of the infectious agents is in sight. The hepatitis 
viruses type B, C and D lead very often to persistent infections. In fact, 
chronic infection is a much greater problem than the acute hepatitis. Chronic 
viral hepatitis often remains undiagnosed until the patients develop decomp
ensated liver cirrhosis or hepatocellular carcinoma. Furthermore, unrecog
nized virus carriers are a source of infection by sexual and other close 
contacts as well as during many medical procedures. 

Recent progress has been made in vaccination against hepatitis B virus 
(HBV), but large vaccination campaigns have yet to be realized in most 
of those regions where HBV is most prevalent. For eradication of HBV 
worldwide, vaccination schedules must be simplified and immunogenicity of 
the vaccine must be improved. Therapy of chronic hepatitis B patients is still 
very unsatisfactory. In part, this situation reflects the poor understanding of 
the pathogenesis of HBV. 

A major breakthrough in medical virology was the recent discovery ofthe 
hepatitis C virus (HCV) genome. Application of molecular biology has 
allowed the rapid development of diagnostical reagents for HCV. The 
relationship between the results of the new assays for HCV infection 
and various forms of liver disease have, however, not yet been completely 
clarified. 

Besides their medical importance, HBV, HCV and HDV are fascinating 
objects for molecular biology. The mechanism of viral replication, patho
genesis and oncogenesis at a molecular level belong to the most rapidly 
developing fields of modern life sciences. The interplay between viral and 
host gene expression is most dramatically exemplified by the induction of 
malignant growth. The relationship between HBV and liver cell carcinoma 
has long been recognized, but only recently has a direct role of the viral genes 
been determined. Very surprisingly, the RNA virus HCV may be an even 
more important agent for the development of liver cell carcinoma. 

Three years ago we undertook an effort to bring together, in the beautiful 
town of Fiuggi south of Rome, clinicians, laboratory physicians, epi
demiologists, pathologists and molecular biologists whose primary research 
interest is chronic viral hepatitis. The contributions from these quite 
divergent participants on one common theme were most stimulating. 

The success of this meeting prompted us to organize a second meeting at 
end of 1990 in Siena (Italy). We could persuade most of the participants to 
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prepare manuscripts on their new data which are compiled in this volume. 
The articles give evidence that the problems mentioned above are tackled 
successfully. We thank all authors for their contributions, Dr. Bruce Boschek 
for his tremendous editorial help and Prof. Klenk and Springer Verlag for 
publishing this book. 

Carlo de Bac, Wolfram H. Gerlich, Gloria Taliani 
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Immune pathogenesis of hepatitis A 

A. Vallbrachtl and B. Fleischer2 

1 Abteilung Medizinische Virologie, UniversiUit Tiibingen 
21 Medizinische Klinik, UniversiUit Mainz, Federal Republic of Germany 

Summary. In an effort to elucidate the mechanism of liver damage resulting 
from Hepatitis A virus (HA V) infection, we have studied infected skin 
fibroblasts and autologous lymphocytes from HAV patients. We report here 
that HLA-restricted virus-specific T cells play an essential role in HA V
related hepatocellular injury. 

* 
The pathogenetic mechanism leading to liver tissue injury in hepatitis caused 
by hepatitis A virus (HA V) is not well understood. Although HA V has been 
classified as a picornavirus belonging to the enterovirus group, it generally 
induces an inapparent and persistent rather than a cytolytic infection in cell 
cultures in vitro. Only a few cytolytic variants have been described. High 
concentrations of infectious HA V are produced by and released from these 
HA V -carrier cells without evidence of cell destruction. As demonstrated, no 
changes in the usual culture procedures are required to maintain this carrier 
system. Immunofluorescence studies revealed that, after the establishment of 
this carrier system, all the cells are infected with HA V. Subpassages in the 
presence ofanti-HAV serum do not decrease the proportion ofHAV-positive 
cells, although no infectious virus can be detected in the supernatant. These 
results, plus the fact that cultures in which 100% of the cells contain HA V 
antigen can still multiply at a rate close to that of uninfected cells, prove that 
cells can divide repeatedly and that the antigen-producing potential can be 
passed from a parent cell to daughter cell. It seems that infection of cells with 
HA V (including a hepatoma cell line) results in a persistent infection which 
leads to a balance between cell metabolism and virus replication. 

These data on HA V persistence in vitro are not compatible with the 
clinical course of HA V infection. Despite reports demonstrating protracted 
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cases of HA V infection, there is no convincing evidence that HA V gives rise 
to true persistent infection in vivo. Consequently, all in vitro data tend to 
indicate that the symptoms ofHA V infection and the elimination of this virus 
in vivo are not due to cytocidal infection of hepatic cells, but rather to the 
elimination of infected hepatocytes by an immunologic mechanism. 

To test whether cell-mediated cytotoxicity is an operative mechanism in 
human HA V infection, we developed an HLA-congruent system, using 
HA V -infected skin fibroblasts (targets) and autologous lymphocytes 
(effectors) taken from HA V patients during the acute phase of infection. We 
identified a lymphocyte population in the peripheral blood of HA V patients 
that specifically lyses HA V -infected autologous target cells. The highest 
HA V -specific cytolytic activity, however, was demonstrated in peripheral 
blood lymphocytes collected during the early convalescent phase of HA V 
infection, 2 to 3 weeks after the onset of icterus. In patients who had a 
protracted form of HA V infection in which elevated transaminases persisted 
for at least 5 months, the highest cytolytic activity was observed in peripheral 
lymphocytes obtained S to 12 weeks after the onset of symptoms. 

Our autologous target cell system offers the possibility of demonstrating 
virus-specific cytolytic activity of liver-infiltrating cells in acute HA V
infection. Of 170 randomly established T cell clones from liver biopsies of two 
HA V patients, 54 CDS + clones were studied to determine their cytolytic 
activity against HA V -infected autologous skin fibroblasts. Using a Cr
release assay, we demonstrated that 42% and 53%, respectively, of the liver
infiltrating CDS + clones were HA V -specific and killed HA V -infected 
autologous target cells in an HLA-restricted manner. 

HA V -specific cytotoxic CDS + cells in contact with autologous HA V
infected target cells produce IFN gamma in an HLA-dependent manner. 
This capability of cytotoxic T lymphocytes to produce IFN gamma during 
virus infection may be important for the pathogenesis of hepatitis A. We 
demonstrated that IFN gamma may limit HA V infection by direct mediation 
of the antiviral effect in vitro. Moreover, the released IFN could prevent the 
spread of the virus to neighboring cells. HLA class I antigens are not or are 
only weakly expressed on the surface of normal human hepatocytes. Since 
IFN gamma induces the expression of HLA proteins it might be the decisive 
factor in HAV infection which induces changes in HLA class I display, 
resulting in enhancement of efficient T-cell-mediated immune attack. 

Authors' address: Dr. A. Vall bracht, Abteilung Medizinische Virologie, Universitiit 
Tiibingen, 0-W -7400 Tiibingen, Federal Republic of Germany. 



Arch Virol (1992) [Suppl] 4: 5-10 
© Springer-Verlag 1992 

Relapsing hepatitis A in Saimiri monkeys experimentally reinfected 

with a wild type hepatitis A virus (HA V) 

S. Prevot 2, J. MarechaP, J. Pillot 1, and J. Prevot 1 

1 Unite de Virologie Medicaie, Unite d'Immunologie Microbienne, Institut Pasteur, 
Paris, France 

2 Service d'Anatomie et de Cytologie Pathologiques, Hotel Dieu, Paris, France 

Summary. Saimiri monkeys were inoculated three times with hepatitis A 
virus and observed in a follow-up study for sixteen months. The monkeys 
developed recurrent hepatitis involving liver damage and cycles of HA V 
antigen shedding in stools. The relapses were presumably due to immune 
response effects. 

Introduction 

Hepatitis A virus (HA V) infection in humans is usually a mild self-limiting 
disease. However, there are reports of protracted [2, 3J or relapsing forms 
[4, 12, 14J of hepatitis following acute HA V infection, although persistent 
infection has not been demonstrated in these cases. Chimpanzees [1, 9J 
marmosets [7J and other species of monkey [5, 8J are susceptible to HAV 
infection, and hepatic replication and shedding of the virus in the stool has 
been demonstrated. We have previously shown that Saimiri monkeys 
develop acute hepatitis when HA V was either orally or parenterally adminis
tered. This report describes the follow-up of HA V -infected Saimiri monkeys, 
when re-infected nine months and a year after their first infection. Relapses 
were investigated by testing for HA V -antigens (HA V -Ag) shed in stools, liver 
transaminase activities and serum abnormalities, and by examining liver 
biopsies. 

Materials and methods 

Wild-type HAV extracts for inoculation were prepared from HA V-RNA-positive and HAV
Ag-positive human faeces. The 0.1 % (W Iv) faecal extract was filtered through a 0.22 ~m pore 
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size filter and tested for infectious HA V particles on Vero cells using an immunofluorescence 
test (IF). The only enterovirus detected in the extracts was HA V. The second HA V strain 
used was a Vero cell-adapted strain. 

The Saimiri monkeys (Saimiri Sciureus) were colony bred and supplied by the Pasteur 
Institute in French Guyana. Seven monkeys, seronegative for HA V, HBV and HeV 
antibodies were used in the study. All inoculations were performed intravenously. Group I 
(Saimiri l348, 953 and 367) was inoculated with wild-type HA V at the start of the study 
(MO), and nine and twelve months later (M9 and M12). Group II (Saimiri nos. 1186,613, 
620 and 100) were inoculated with Vero cell-adapted HAV on MO and then with wild-type 
HA V on M9 and M 13. One noninfected animal was kept as a control. 

For 16 months on (from MO), stools were collected daily, and blood samples taken twice 
a week immediately following each HA V infection, and once a week thereafter. 

The presence of HA V antibodies (anti-HA V) was assessed by several techniques. Sera 
were screened for the presence ofHAV-IgM (HAVAB-M EIA-Abbott) and anti-HAV- by 
blocking enzyme linked immunosorbent assays [10]. This technique is more sensitive than 
the HA V AB-EIA (Abbott). Liver alanine aminotransferase (ALT) was assayed in serum 
samples. ELISA was used to test for HA V-Ag in stool samples, prepared as dilutions (at four 
concentrations) of a 1/20 faecal extract in PBS. Infective particles in the HA V -Ag-positive 
faeces were assayed on Vero cells using an IF test. Results are reported for the day of 
sampling after first (F), second (S) and third (T) inoculations. 

Liver samples were taken with a pediatric liver biopsy needle on days F180 and F270, 
S35 and S65 and T28, T60 and T110. Small fragments of the liver samples were fixed in 10% 
neutral formalin or in aqueous Bouin's solution and were embedded in paraffin wax. Serial 
sections were examined and scored by a single observer in a blind procedure. 

Results 

Group I-Saimiri no. 1348 (see Fig. 1): HA V-IgM were first detected 14 days 
(day F14) after the first inoculation (day FO). Blocking antibodies were 

Iv/HAV IV/ HAV IV/HAV 
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Fig. 1. Saimiri no. l348, infected three times with wild-type HA V. Schedule of inoculation 
(IV/HAV); serological findings: HAV-IgM and HAV-blocking-antibodies (HAV-IgG); 
presence of faecal HAV-Ag; alanine aminotransferase (ALT) profile and liver damage 
observed in liver biopsy (arrows): foci of inflammatory cells, predominantly lymphocytes (G), 

small foci of hepatocytes necrosis (N) 
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Fig. 2. Liver biopsy taken 60 days after the third wild type HA V infection. a Saimiri no. 
1348: infiltrate of mononuclear cells in a portal tract and in the surrounding parenchyma. 
b Saimiri no. 367: infiltrate of mononuclear cells in the lobular zone with few necrotic 

hepatocytes (arrows). Hematoxylin eosin safran, original magnification 130 x 
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Fig. 3. Wild type HA V infections (IV /HA V) of the second group of monkeys preinfected 
with a Vero cell adaptated HAV strain, nine months earlier: HAV-Ag shedding (--); 
abnormal ALT levels ( ..... ); liver damage: presence of hepatocyte necrosis (N), clusters of 
inflammatory cells predominantly lymphocytes (G) or macrophages (det), and prothrombin 

time: normal (tr) and abnormal (*) levels 

detected 3 days later (FI7). HAV-Ag first appeared in faeces on day F20, and 
was thereafter present intermittently. Infective HA V particles were detected 
as late as four months after infection. The AL T activity peak was on day 
F45, which was after the first cycle of shedding, but fell to normal levels by 
month 6. Just prior to the second inoculation, HAV-blocking antibodies 
were present, HAV-Ag were sporadically detected (days F260 to F262, and 
day F267) and the liver biopsy was normal (although small and difficult to 
analyse). The corresponding liver biopsies from Saimiri nos. 953 and 367 
contained foci of inflammatory cells. Saimiri 1348 suffered a recurrence of the 
disease after re-inoculation (day SO). HAV-IgM was detected on day S21 and 
several short periods of high-level HA V -Ag shedding were observed, around 
days S16, S34 and S60. Several small peaks of ALT activity were detected. 
Liver damage including hepatocyte necrosis was observed in liver biopsies 
taken on days S35 and S65. After the third inoculation, pronounced cycles of 
HAV-Ag shedding were detected, despite the continuing presence of anti
HA V. ALT activity was nearly normal. Liver biopsies taken on days T28, 
T60 and TllO displayed large clusters of mononuclear cells, most of which 
were lymphocytes, in the portal tract (Fig. 2a) or lobular zone of the liver 
parenchyma. The prothrombin time was longer, and hyperleucocytosis was 
still detected on day T120 (11,800 Ill-I, of which 60% lymphocytes). 

Saimiri nos. 953 and 367: The results were similar to those of Saimiri 
no. 1348. Cycles of HA V -Ag shedding were observed, and increased AL T 
activities were detected. Liver biopsies contained foci of inflammatory cells 
and necrotic hepatocytes (Fig. 2b). The prothrombin time was longer. 
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Saimiri no. 953 died on day T13 from a sepsis syndrome. An autopsy was 
performed fifteen minutes after death, and the liver was removed. The liver 
was completely collapsed and displayed damage resulting from the viral 
infection: the sinuses were enlarged, and the tissue contained numerous 
lymphocytes and macrophages or Kuppfer cells with variable amounts of 
hemosiderin. 

Group II (see Fig. 3): The results for the four group II monkeys were very 
similar to one another, and similar to those for group I. However, the 
response of group II to reinfection with wild-type HA V (SO) was faster than 
that of group I. HAV-Ag were detected early in the faeces (on day S5) 
followed by an AL T activity peak on day S20. The third inoculation was 
followed by a relapse with hepatocyte necrosis observed in three out of four 
biopsies taken on day T21. 

Conclusion 

Re-infection of Saimiri monkeys with wild-type HA V, up to 9 months after 
the first inoculation caused recurrence of the symptoms of the disease. 
Relapse was rapid in all cases. ALT activities were low, which is consistent 
with previous reports ofrelapse episodes in tamarins [6, 15]. However, this 
observation contrasts with the transaminase activity abnormalities observed 
in HAV-infected humans [11]. Re-infection of Saimiri with HAV caused 
a rapid response of sensitized lymphocytes, already present in liver paren
chyma. Mediated cell lysis of HA V -preinfected hepatocytes may then result, 
a phenomenon previously described in humans [13]. However, in Saimiri, 
this cell-mediated lysis, followed by the elimination of HA V through the 
digestive tract, may not be enough to induce significant AL T activity 
Increases. 

The protracted hepatitis induced in all the Saimiri used in this study 
may explain the prolonged cycles of HAV-Ag and HAV infective particle 
shedding, even when HAV-blocking antibodies were present. 
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Summary. Available information about the immune pathogenesis of HBV 
infection in man is very limited. However, the present availability of 
recombinant sources of the different HBV antigens expressed in the appro
priate forms to induce activation of either HLA class I or HLA class 11-
restricted T cells, provides the necessary tools to investigate directly the 
mechanisms of liver damage, the role of the different cellular components of 
the immune system in HBV clearance and the specific nature of the immune 
defects potentially responsible for the chronic evolution of HBV infection. In 
addition, improved knowledge of HBV biology suggests a dynamic inter
pretation of the HBV-immune system interactions, based on which viral 
mutations as well as direct interferences of HBV with specific immune 
functions are believed to playa relevant role with respect to the outcome of 
HBV infection. 

* 
The immune pathogenetic mechanisms involved in liver damage and viral 
clearance during hepatitis B virus (HBV) infection in man still remain largely 
unknown. Based on available data derived from studies in the HBV and 
other viral systems, it is generally assumed that an HLA class I restricted 
cytotoxic T cell response to one or more HBV -encoded antigens displayed at 
the hepatocyte membrane is a major effector mechanism of hepatocellular 
injury and clearance of infected cells. In addition, it is known that a HLA 
class II-restricted T helper cell-dependent B cell immune response, especially 
directed toward HBV envelope determinants, is needed for the clearance of 
circulating viral particles. 
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Potential mechanisms of liver damage 

The possibility that the HBV nucleocapsid antigens represent important 
target structures for a T cell-mediated injury of infected hepatocytes is 
suggested by the finding that autologous liver cells from patients with 
chronic HBV infection can be lysed in vitro by peripheral blood T cells and 
that this phenomenon can be selectively blocked by anti-hepatitis B core and 
anti-hepatitis B e antigen monoclonal antibodies [17, 22]. The importance of 
hepatitis B core antigen (HBcAg) in the activation of an anti HBV -specific 
T cell response is also indicated by the observation that CD4 + and CD8 + T 
cells with HBcAg-specific helper and suppressor function, respectively, are 
present within the liver of patients with chronic HBV infection [10, 9]. 

The recent isolation of intrahepatic HLA class II as well as class 1-
restricted preS2-specific T cell clones in chronic active hepatitis B demon
strates that also the HBV envelope antigens are important sensitizing 
immunogens for intrahepatic T cells in chronic HBV infection [1]. The 
potential importance of these antigens as target molecules for liver cell 
damage is further suggested by the observation in a transgenic mouse model 
that HLA class I restricted cytotoxic T cells can kill liver cells producing 
non-toxic amounts of hepatitis B surface antigen (HBsAg) [18]. This 
study provides the first definitive evidence that an endogenously synthesized 
HBV antigen can be processed by liver cells and presented to HLA class 1-
restricted cytotoxic T lymphocytes. 

Although an HLA class I-restricted cytotoxic T cell response is likely to 
playa central role in liver damage, recent data suggest that other immune 
mechanisms may also be implicated in the pathogenesis of the hepatocellular 
injury during HBV infection. The finding of a surface expression of hepatitis 
B e antigen (HBeAg) in HBeAg-producing cells, in a conformation which is 
recognizable by anti-HBe antibodies, suggests that this antigen can 
serve as a target for antibody-mediated elimination of HBV-infected cells 
[24]. 

The recent demonstration that HBV envelope-specific, cytotoxic CD4 + 
HLA class II-restricted T cells isolated from hepatitis B vaccine recipients 
can recognize not only exogenous [7J but also endogenously synthesized 
viral antigens shows that even these lymphocytes are potentially able to 
participate in the clearance of virus-infected liver cells [21]. The observation 
that hepatocytes express HLA class II molecules following HBV infection 
provides additional support to this possibility [29]. 

In addition to antigen-specific cellular interactions, also antigen non
specific mechanisms are implicated in the clearance of HBV -infected liver 
cells. This is suggested by the direct lytic effect of soluble lymphokines, such 
as gamma interferon and tumor necrosis factor alpha, on liver cells of 
transgenic mice expressing HBV large envelope proteins (Gilles PN et al., 
personal communication). 
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Role of the B cell and helper T cell functions in HBV clearance 

Recovery from HBV infection is not only related to the clearance of infected 
cells, but also to the antibody neutralization of free viral particles needed to 
a void the spread of the infection to uninfected cells. 

A vail able data clearly demonstrate the virus neutralizing function of anti
envelope antibodies [3J, whereas the importance of the antibody response to 
the nucleocapsid antigens and to the HBV non-structural proteins [8, 12,26, 
27, 31, 33J is still a debated issue. It is generally accepted that anti-HBc 
antibodies do not express virus neutralizing effects but protection of 
chimpanzees against HBV infection by passive immunization with human 
immunoglobulin containing anti-HBe antibodies has been observed, sug
gesting a role for these antibodies in virus neutralization [28]. 

For the development of an adequate antibody response an efficient helper 
T cell function is generally required, implying that a functional helper T cell 
population is needed for the final recovery from viral infection. We know that 
the anti-envelope and the anti-HBe antibody responses are strictly T cell
dependent [14]. In contrast, the anti-HBc antibody response can also be 
T cell independent [14]. 

A direct demonstration of the importance of the helper T cell response for 
the final outcome of the hepadnavirus infection has recently been provided in 
the woodchuck system, by studying the effect of cyclosporin A (CsA; an 
immunosuppressive agent that inhibits antigen-specific, IL2-dependent im
mune responses initiated by helper T cells) on woodchuck hepatitis virus 
(WHV) infection (Cote Pl et aI., personal communication). Animals infected 
with WHY in the absence of CsA developed a typical self-limited infection 
with a transient detection of WHV-DNA in their plasma. In contrast, 
animals similarly infected with WHY but treated with CsA developed a 
chronic infection and remained DNA positive during the time of follow-up, 
suggesting that a suppression of the helper function during the immediate 
post exposure period in hepadnavirus infection may represent a potential 
risk factor for the evolution to chronicity. 

Immune defects and progression to chronicity 

If the development of an adequate cellular and humoral immune response to 
the different HBV antigens is required for HBV clearance, it follows that 
specific defects of such immune mechanisms could lead to a chronic infection. 
A vail able information concerning these hypothetical defects is very limited 
mostly due to the absence of suitable animal models for immune patho
genetic studies, to the lack of appropriate target systems for the study of the 
class I-restricted cytotoxicity in man and to the limited availability of 
lymphomononuclear cells derived from the liver of HBV infected patients. 
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In an attempt to gain new insights into this field we have recently 
compared the immune response to HBV antigens in patients with self-limited 
hepatitis B who successfully clear the virus with respect to patients with 
chronic HBV infection [11]. For this purpose, the peripheral blood T cell 
response to the S, preS2 and preS1 HBV envelope region encoded poly
peptides as well as to HBcAg and HBeAg has prospectively been analyzed in 
a large group of patients with different stages ofHBV infection. The results of 
this study show that the HLA class II-restricted peripheral blood T cell 
response to HBV nucleocapsid antigens in patients with chronic HBV 
infection is dramatically lower than that displayed by patients with acute 
HBV infection. In addition, the appearance of a detectable level of class II 
restricted T cell sensitization to nucleocapsid antigens is temporally associ
ated with the clearance of viral particles from the sera of subjects with self
limited acute HBV infection, suggesting a role for HBcAg-specific CD4 + 
T cells in HBV clearance. The demonstration that HBcAg-specific helper 
T cells can directly cooperate in vivo with envelope-specific B cells support
ing the production of virus neutralizing anti-envelope antibodies may 
provide an explanation of this temporal association [15]. 

The immunological basis of the defective T cell response to HBV 
nucleocapsid antigens as well as the cause of the defective production of 
neutralizing anti-envelope antibodies in patients with chronic HBV infection 
are completely unknown. However, recent progress in the understanding of 
the general mechanisms of T and B cell activation provides the appropriate 
tools to start addressing these issues. 

Since HLA class II-restricted T cells usually recognize processed forms of 
exogenous antigens in association with HLA class II determinants on the 
surface of the antigen-presenting cells, the first potential immune defect in 
chronic patients could be at the level of the processing and presentation of 
specific viral antigens, leading either to defective generation of immunogenic 
peptides or to an inefficient association of the processed peptide fragments 
with the HLA molecules. In either case, the final result will be an impaired 
clonal expansion of antigen-responsive T cells and the development of a 
defective T cell repertoire. 

The lack of an adequate HBV-specific T cell response could also be 
related to mechanisms of immune tolerance or clonal energy, acting directly 
on the effector antigen-specific T cell populations. The cellular basis for 
a mechanism of T cell tolerance to HBeAg has recently been characterized in 
a transgenic mouse model of neonatal tolerance [16]. Not only HBeAg
expressing transgenic mice but also their non-transgenic littermates were 
tolerant to both HBeAg and HBcAg at the T cell level. In non-transgenic 
littermates, tolerance was likely the result of transplacental exposure to 
HBeAg. Since HBeAg is a secreted soluble protein, it could gain access to the 
thymus through the circulation, thereby leading to clonal deletion of MHC 



Immune pathogenesis of hepatitis B 15 

class II-restricted HBeAg-helper T cells as a result of T cell recognition of 
HBeAg-derived peptides in association with HLA determinants on the 
thymic stroma. This observation suggests that a similar mechanism of 
T helper cell tolerance could be operative also in neonates born to HBeAg 
positive carrier mothers. 

Hyperactivity of HBV -specific suppressor T cells has also been suggested 
as a potential cause of non-responsiveness to HBV antigens in patients with 
chronic HBV infection [25, 30, 32J but the real relevance of this phenomenon 
remains to be demonstrated in better defined systems. With respect to the 
cellular mechanisms of immune suppression, the recent isolation in chronic 
active hepatitis B of CD8 +, HLA class I-restricted, preS2-specific T cell 
clones capable of efficiently lysing HBV envelope-specific B cells suggests 
a possible suppressive role on the envelope-specific antibody response played 
by these cells in vivo [2]. 

Finally, a specific B cell defect responsible for the inefficient production of 
neutralizing anti-envelope antibodies in chronic patients, who usually do not 
develop a detectable anti-HBs response, cannot be at present excluded. 

Viral interference with the host immune response 

Even though the individual immune response to the different viral proteins 
certainly represents the major determinant for the final outcome of HBV 
infection, the potential importance of emerging virus variants cannot be 
underestimated [4, 5, 6, 19]. Specific viral mutations could alter the sequence 
or the conformation of antigen regions relevant to the activation of 
immunodominant anti-virus T or B cell responses, thereby allowing the 
escape of the virus from the immune surveillance. Direct demonstration 
of this mechanism of immunological escape has recently been provided in 
different viral systems [23]. 

In addition, the possibility of a direct effect of HBV infection on the 
function of specific cellular components of the immune system must be 
considered, especially in light of the established capacity of other viruses [13J 
to interfere with the host immune system. In line with this possibility is the 
recent demonstration that HBV can alter the cellular response to interferon, 
inducing a low expression of HLA molecules on infected cells with potential 
consequences to antigen recognition by T cells [20]. 

In conclusion, based on our present understanding of HBV biology, the 
interaction between the immune system and HBV must be regarded as a 
dynamic process whose final balance probably depends on the capacity of 
the immune system to mount an anti-viral response sufficiently wide to face 
the continuous viral attempts to escape recognition by the immune cells 
through genetic changes. 
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Summary. We have studied the T-cell processing pathways of Hepatitis B 
antigens and the role of specific B lymphocytes. It could be shown that some 
form of processing by specific B cells is required for class I CTLs. This 
mechanism differs from class II endosomal processing. In addition, it could 
be shown that lysis of HBsAg-specific B cells may be partly responsible for 
chronic HBV carrier states. 

* 
The recent progress in understanding antigen processing and presentation to 
T lymphocytes has been of great help in the comprehension of the mech
anisms involved in virus recognition by T cells in the course of viral diseases. 
It has been clearly established that CD4 + helper T lymphocytes recognize 
antigen fragments or peptides associated with class II MHC molecules on the 
surface of antigen-presenting cells (APC) and that these peptides generally 
derive from processing of exogenous soluble antigens entering APe. In 
contrast, CD8 + cytotoxic T cells recognize peptides in association with 
class I molecules on the surface of epithelial cells: these peptides usually 
derive from processing of endogenously synthesized viral antigens by 
infected host cells. Two separate pathways have been proposed for antigen 
processing and presentation to T cells, allowing exogenous antigens selective 
association to class II molecules and endogenous antigens to class I mole
cules [1, 2, 3]. Exogenous antigens enter APC by receptor-mediated endo
cytosis or by phase fluid pinocytosis, are processed in the acidic environment 
of endosomes, and bind class II molecules as a result of vesicular fusion at a 
trans-Golgi or post-Golgi location. Endogenously synthesized antigens are 
processed in the cytosol, probably in the endoplasmic reticulum or in the cis
Golgi region, where they interact with class I molecules. 
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Recently, exceptions to the rule of class II/class I discrimination have 
been demonstrated. Indeed, the delivering of endogenous antigens (as 
measles virus antigens, haemagglutinin or HBsAg) to both class I and class II 
processing pathways no longer seems to be an exception [4, 5, 6]. In contrast, 
the converse situation, that is the delivering of exogenous antigens to the 
class I pathway, has been reported for only a few antigens, including the 
exogenous form of HBsAg [7, 8, 9]. 

Previously, we demonstrated that soluble HBsAg can induce not only 
CD4 + T clones, but also CD8 + T clones, which recognized the antigen in 
a class II- or class I-restricted manner, respectively [9]. Treatment of APC, 
during pulsing with HBsAg, with the lysosomotropic agent chloroquine, 
which inhibits the endosomal processing pathway, drastically reduced the 
antigen presentation to class II-restricted T cells, but not to class I-restricted 
T cells, suggesting that the processing pathway for exogenous HBsAg 
presentation to CD8 + T cells is different from the class II endosomal 
pathway. A possible mechanism, by which exogenous HBsAg enters class I 
pathway, might involve the fusion of HBsAg with the membrane of APC and 
the delivery of the antigen into cytoplasmic class I-processing pathway. The 
fusion mechanism might playa role in delivering exogenous HBsAg into the 
cytosol, because this antigen is synthesized as a transmembrane protein 
inserted on the endoplasmic reticulum and contains lipids in addition to S 
and pre-S proteins [10, 11]. 

These data seem to have a biological significance, explaining the hepato
cyte-lysis during HBV infection: lysis could occur not only for infected, but 
also for uninfected hepatocytes, because they could process exogenous 
antigen and present their products to specific class I-restricted cytotoxic T 
cells, which in turn can kill the uninfected hepatocytes. 

At this point, we wondered whether specific B lymphocytes bearing Ig 
receptors specific for HBsAg were capable of presenting HBsAg to class I
restricted, as well as to class II-restricted T cells. To determine this 
possibility, we tested the ability of specific class II-restricted CD4 + T clones 
and of class I-restricted CD8 + T clones to lyse MHC-restricted B cells 
bearing Ig receptor specific for HBsAg, prepulsed with different concentra
tions of antigen. We know that specific B cells can act as very efficient APC: 
they bind very low concentrations of antigen with high affinity by their Ig 
receptors, process it through class II pathway, and present its fragments to 
class II-restricted T cells [12]. Thus, using HBsAg-specific B cells as APC, we 
would expect that they could present HBsAg only to class II-restricted, but 
not to class I-restricted T cells. This was, however, not the case. Lysis of 
HBsAg-specific B cells by both CD4 + and CD8 + T cells was obtained in 
an MHC-restricted fashion and with a concentration of antigen 5000 x less 
than the concentration required to induce a comparable level of killing of 
non-specific B cells [13]. 



T cell recognition of hepatitis B envelope proteins 21 

Chloroquine treatment of specific B cells, during pulsing with HBsAg, 
drastically reduced their own killing by class II-restricted, but not by class 1-
restricted T cells. In contrast, paraformaldehyde-fixation of specific B cells, 
before the antigen pulsing, abolished the antigen presentation to both types 
of CTLs. Control experiments showed that specific B cells, pulsed with 
antigen at least 1 h before fixation or pulsed with a synthetic peptide 
(mimicing the processing product binding MHC molecules) after fixation, 
were killed by both CTLs. 

All these data, taken together, revealed that class I-CTLs required some 
form of antigen-processing by specific B cells, and that it is different from the 
class II endosomal processing pathway. 

In conclusion, in those exceptional cases, where an exogenous antigen is 
allowed access to the class I pathway, the specific focusing of the antigen (as 
HBsAg) by surface Ig can permit the presentation of processed fragments not 
only to class II-restricted CTLs by the endosomal processing pathway, but 
also to class I-restricted CTLs by a cytoplasmic processing pathway. Both 
class I1- and class I-CTLs could be responsible for selective killing of specific 
B cells suppressing the specific antibody response. The lysis of HBsAg
specific B cells might participate in the establishment of the chronic HBV 
carrier state. 
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Summary. The fine specificity of the human T cell response to the hepatitis B 
virus core antigen (HBcAg) was investigated in 23 patients with acute 
hepatitis B virus (HBV) infection using a panel of short synthetic peptides 
covering the entire core region. An immunodominant T cell epitope which 
was recognized by all except one patient, was identified within the core 
sequence 50-69. Two further important T cell recognition sites were 
represented by the amino acid sequences 1-20 and 117-131, which were 
stimulatory for the T cells of 69% and 73% of the patients, respectively. 

T cell recognition of the synthetic peptides was HLA class II restricted 
because the peptide-induced T cell proliferation was inhibited by anti-HLA 
class II but not by anti-HLA class I monoclonal antibodies. 

These findings may be relevant to the development of future preventive 
and therapeutic strategies against HBV infection. 

* 
Several lines of experimental evidence suggest that the development of an 
adequate immune response to HBV nucleocapsid antigens can be important 
for HBV clearance [1-4, 6]. For this reason, the identification of immuno
dominant T cell epitopes within the core molecule could theoretically be 
useful for the design of more effective alternative vaccines against HBV 

* Some of this material has been presented in a different format elsewhere (manuscript 
submitted). 
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infection and possibly to plan future strategies to manipulate the immune 
response to HBV in subjects who do not spontaneously clear the virus. 

The aim of our study was to identify the amino acid sequences within the 
core molecule that are involved in the activation of nucleocapsid-specific 
T cells during HBV infection in man, by using a panel of short synthetic 
peptides covering the entire HBV core region. 

Materials and methods 

Twenty-three patients with acute self-limited hepatitis B were studied. The diagnosis was 
based on the finding of elevated SGPT values (more than 10 times the upper limit of the 
normal range) associated with the detection of IgM anti-HBc antibodies in their serum. 
Thirteen subjects without evidence of previous exposure to HBV were studied as normal 
controls. 

Peripheral blood lympho-mononuclear cells (PBMC) were isolated by Ficoll-Hypaque 
gradient centrifugation, resuspended in RPMI 1640 with 10% human AB serum and 
stimulated with different concentrations of recombinant (r) HBcAg [7] or short synthetic 
peptides (10-20 amino acids) covering the complete sequence of the core and pre-core region 
encoded polypeptides (Fig. 1). 

For the production of poly clonal T cell lines, PBMC were cultured either with the whole 
nucleocapsid molecule or with individual synthetic peptides for 7 days. Interleukin 2 (IL2) 
was then added and growing cells were restimulated after further 5-7 days of culture. T cell 
lines were maintained at a cell concentration of 3 x 105 -1 X 106 and were restimulated 
weekly with the appropriate antigen in the presence of irradiated (3000R) autologous PBMC 
as antigen presenting cells (A PC) in RPMI 1640 with 10% fetal calf serum and IL2. 

For the proliferation assays, T cell lines were extensively washed and then incubated 
(5 x 104 T cells/well) for 3 days with autologous irradiated PBMC as APC (1 x 105/well) and 
different concentrations of antigen or peptides in RPMI 1640 with 10% human AB serum. 
Proliferation assays were performed in triplicate and 3H-thymidine was added 18 hrs before 
harvesting. 

Results and discussion 

Analysis of patients with different HLA haplotypes reveals that several 
sequences within the core molecule can induce significant levels of T cell 
response in HBcAg-sensitized individuals (Fig. 1), as previously reported in 
the mouse system [5]. In addition, more than one peptide fragment is usually 
recognized by T cells of individual patients (not shown). 

However, the most relevant finding of our study is the identification of an 
immunodominant amino acid sequence (residues 50-69) which was recog
nized by all but one patient (95%) (Fig. 1). Even though the detection of 
a significant response to native HBcAg was generally associated with the 
presence of a significant T cell response to peptide 50-69, in a minority of 
patients studied serially during the course of the disease, T cell recognition of 
peptide 50-69 was only transient and undetectable in a few time points when 
T cells were still able to recognize the native HBcAg and other core peptides. 
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Fig. 1. PBMC proliferative response to HBcAg synthetic peptides in 23 patients with acute 
hepatitis B. Stimulation indexes higher than 3 were considered as significant values of 
proliferative response. The stimulation index is the ratio between 3H-thymidine incorpor
ated by T cells cultured in the presence of antigen and that incorporated by T cells cultured 
in medium alone. No significant levels of PBMC proliferation to core peptides were 

observed in 13 normal control subjects 

This observation suggests that in a few patients the sequence 50-69 can be 
recognized but does not represent the major T celi recognition site within the 
core molecule. 

Two additional peptides corresponding to amino acids 1-20 and 
117 -131 of the core molecule were also stimulatory for a large proportion of 
patients (69% and 73% respectively) (Fig. 1). 

When the peptide 50-69 was not the dominant T cell epitope, T cell 
recognition of the core molecule was mainly focussed on the 1-20 and 
117 -131 sequences. Taken together these results suggest that T cell immun
ization with these immunodominant core peptides can potentially induce 
significant T cell activation in a large proportion of the population irrespec
tive of the genetic background. 

Our results partially differ from those reported by Milich et al. [5] who 
showed that the fine specificity of the murine T cell response to HBcAg is 
much more dependent on the MHC haplotype of the responder strain. In 
addition, the immunodominant T cell epitope located within residues 50-69 
was not identified. 

The relevance of specific amino acid sequences contained within peptides 
1-20, 50-69 and 117-131 to the activation of a HBcAg-specific T cell 
response is suggested by experiments with peptide or HBcAg primed 
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Fig. 2. a A polyclonal T cell line produced by PBMC stimulation with HBcAg can 
recognize the relevant peptides 50-69 and 117-131, which are stimulatory also for the 
parental PBMC. The proliferative response to an irrelevant core peptide (AA 20-34) is 
shown. No significant level of proliferative response was observed following stimulation 
with the other 11 core synthetic peptides (not shown). b A polyclonal T cell line produced 

by PBMC stimulation with peptide 50-69 can recognize the whole core molecule 

polyclonal T cell lines. The observations that 1) antigen-specific polyclonal T 
cell lines produced by PBMC stimulation with HBcAg can be restimulated 
not only with the native nucleocapsid antigen but also with the relevant 
peptide analogs recognized by parental PBMC (Fig. 2a) and that 2) peptide
primed polyclonal T cell lines selected by PBMC stimulation with a single
core peptide can react with the whole core protein (Fig.2b), provides 
evidence that AA sequences within the peptides 1-20,50-69 and 117-131 
are available to T cell recognition after processing of the native nucleocapsid 
molecule. 

Amino acid sequences 1-20,50-69 and 117 -131 appear to preferentially 
activate CD4 + T cells which recognize peptide fragments in the context of 
HLA class II molecules as shown by blocking experiments with anti-HLA 
monoclonal antibodies (Fig. 3). 

In conclusion, our study indicates the existence of an immunodominant 
T cell epitope (AA 50-69) within the core molecule which is recognized by 
more than 95% of patients with acute HBV infection and different HLA 
haplotypes. Two additional important T cell recognition sites were also 
identified at the aminoterminal end and within the carboxy terminal half of 
the core molecule. These T cell epitopes might be exploited to enhance the 
immunogenicity of the existing recombinant HBV envelope vaccines and to 
try to overcome non-responsiveness to hepatitis B surface antigen particles. 
Whether our results may also be useful for the design of alternative totally 
synthetic vaccines and for therapeutic strategies directed to manipulate the 
immune response to HBV in subjects with chronic HBV infection remains to 
be investigated. 
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Fig. 3. HLA restriction of the T cell recognition of peptide 1- 20 and 50- 69. Autologous 
irradiated PBMC were incubated overnight with anti-HLA class I (W6/32) or anti-HLA 
class II (D 1- 12 specific for DR molecules; BT3/4 recognizing DQ molecules; B7/21 specific 
for DP antigens) monoclonal antibodies and the relevant synthetic peptide. The cells were 
washed and added to T cells from the peptide-primed T cell lines. Results are expressed as 

percent inhibition of the proliferative response induced by core peptides 
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Summary. The capacity of the nucleocapsid protein of HBV to function as 
a T-cell independent antigen in man was studied. When T-cell depleted B-cell 
cultures were challenged with E coli-derived HBcAg, anti-HBc production 
was registered in culture supernatants from the majority of chronic HBsAg 
carriers in a quiescent stage of disease. In contrast, similarly prepared and 
stimulated cultures from donors with natural acquired immunity to hepatitis 
B or HB-susceptible controls were non-responsive. Addition of autologous 
T-cells effectively restored anti-HBc responsiveness in T-cell depleted B-cell 
cultures from HB-immune donors, demonstrating the T-cell dependency for 
anti-HBc induction in natural HBV-infection. 

Introduction 

It has been suggested that the nucleocapsid (hepatitis B core antigen, HBcAg) 
of the hepatitis B virus (HBV) is particularly suitable as an immunological 
carrier moiety for defined pep tides in vaccine recipients who are immuno
compromised. This suggestion stems from the capacity of HBcAg to function 
as aT-cell independent antigen [3, 7, 14]. This T-cell independent capacity 
has only been demonstrated for nude mice [3, 6J, a species in which HBV 
cannot replicate [14]. Hence, it seems critically important to determine 
whether T-cell independent B-cell activation also is elicited by HBcAg in 
humans and if this response is related to immunity to HB or is associated 
with persistent HBV-infection. In a first step to address this issue, we 

* Present address: ling An Central District Hospital, 287 Huangpi Bei Road, Shanghai 
200003, China. 
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analyzed cells from donors with naturally acquired immunity to HB for 
T-cell independent HBcAg reactivity in vitro. We then compared these with a 
select group of patients with chronic HBsAg carriers hip. Our results suggest 
that T-cell independent anti-HBc reactivities are expressed in patients with 
chronic HBsAg carriers hip in a quiescent phase of the disease but not in 
HB-immune donors. 

Patients and methods 

Patients 

Eight donors with naturally acquired immunity to HB as assessed by the presence of anti
HBs (1/10-1/10,000), anti-HBc 0/10-1/1000) and anti-HBe (1/10-1/100) were studied in 
comparison with 10 patients (nine anti-HBe+ and one HBeAg+) in a quiescent phase of 
HBV -disease (eg. normal transaminases) exhibiting anti-HBc 0/1000-1/1,000,000) and anti
HBe U/100-1/10,000) titers. Three patients were positive for HBV -DNA in serum as 
assessed by dot-blot or PCR techniques [9]. All patients were seronegative for anti-delta. 
Seven healthy individuals without serological evidence of previous HBV -infection served 
as controls. All individuals were negative for HIV-infection and none received immuno
suppressive or antiviral therapy. 

Preparation and culture of cells 

Highly purified lymphocytes were isolated from heparinized blood by gelatin-sedimenta
tion, iron treatment and Ficoll-Paque gradient centrifugation and separated into B-, T-, and 
monocytic(Mo)-cell enriched populations as previously described in detail [4]. The B-cell 
populations contained as a mean 80% (range 63-93%) Bl-positive cells, <2% Mo and 
< 1 % rosette forming cells and the rest so called null cells, and was similar for the three 
donor groups. B-cell fractions from the three donor groups were functionally analyzed for 
residual T-cell contamination by stimulation with the T-cell mitogen ConA 0 ug/ml) for 
three days. The stimulation index (SI) never exceeded 2, whereas control T-cell cultures 
exhibited a mean SI of 48. 

Quantities of 4 x 105 B-cells 0 x 106/ml) supplemented with 10% autologous Mo were 
cultured in round-bottomed tissue culture tubes (A/S NUNC, Roskilde, Denmark) in the 
absence or presence of autologous T -cells (T /B cell ratios 0.25-8.0) in Hepes buffered RPMI 
1640 (Biocult Laboratories, Paisley, UK) supplemented with antibiotics, glutamine and 
20% FBS (Gibco, Grand Island, NY, USA) in the absence or presence of E coli-derived core 
proteins (0.001-100 ng/ml) kindly provided by Dr I. Cayzer (Wellcome, Diagnostics, 
Beckenham, UK). After 4 days the cells were washed and resuspended in culture medium 
containing 5% FBS and cultured for additional 8 days. 

Anti-HBc ELISA 

Culture supernatants were analyzed for IgG anti-HBc content using micro titre plates 
(Dynatech, Plochingen, FRG) charged with HBcAg (100 ng/ml) in 0.05 M sodium carbonate 
buffer, pH 9.6. Post coating was done with 1 %FBS in 10 mM Tris-HCl, 0.13 M NaCI and 
1 mM EDT A at 37°C for 1 hr. Supernatants were diluted 1/5 and alkaline-phosphatase 
conjugated rabbit anti-human y-chains (Sigma Chemical Co, Mo, USA) 1/1000 in PBS
Tween-l %FBS. The level of anti-HBc was calculated from a standard curve obtained by 
two-step dilution of immunosorbent purified anti-HBc. 
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Results 

The anti-HBc response in T-cell depleted B-cell cultures from chronic 
carriers of HBsAg was highly antigen-dose dependent. The antigen dose 
for optimal antibody production varied between different individuals 
(Fig. 1 a-c). Similarly prepared and stimulated B-cell cultures from HB
immune donors were unresponsive Fig. 1 d-f). The optimal anti-HBc 
response for each individual in the three donor groups, obtained in the 
presence of antigen, are plotted with the corresponding control value 
obtained in the absence of antigen in Fig. 2. The results demonstrate that 
HB-immune donors and HB-susceptible controls do not exhibit a T-cell 
independent B-cell response to HBcAg in vitro. In contrast, a spontaneous 
secretion of anti-HBc antibodies was registered in 2/10 B-cell cultures from 
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Fig. 1. Antigen dose dependency of HBcAg induced anti-HBc secretion. T-cell depleted 
B-cells from three chronic HBsAg carriers (a-c) and three HB-immune donors (d-f) were 
cultured in the absence (0) and presence (A, e) of different concentrations 
(0.001-100 ng/ml) ofHBcAg for 12 days. Anti-HBc secretion is given as ng/ml/l x 106 B-cells 
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chronic HBsAg carriers. Addition of recombinant HBcAg significantly 
enhanced the anti-HBc production in 8/10 B-cell cultures. 

No anti-HBc was detectable in unstimulated or stimulated B-cell cultures 
from two patients. When B-cells from the HB-immune donor population 
were stimulated with HBcAg in the presence of autologous T -cells at optimal 
numbers, anti-HBc antibodies were produced in all cell cultures (Fig. 3). 

Discussion 

In contrast to what has been reported in the murine system [3,6], HBcAg did 
not function as T-cell independent antigen in HB-immune individuals. IgG 
class anti-HBc antibodies were not detectable in T-cell depleted B-cell 
cultures, when stimulated with low concentrations ofHBcAg in vitro. During 
acute resolving hepatitis B, however, preliminary data demonstrated that 
transiently appearing IgM anti-HBc antibodies are produced in antigen
stimulated cultures (data not shown), suggesting that IgG producing 
memory B-cells are not generated in the absence of T-cell help during 
natural HBV infection. Supplementation with autologous T -cells restored 
the B-cell responsiveness, demonstrating the T-cell dependency of IgG class 
anti-HBc production in HB-immune donors. 

A disparate regulation of the humoral immune response to HBcAg was 
detected in chronic carriers of HBsAg in a quiescent phase of the disease, as 
B-cells from the majority of these patients effectively produced IgG class 
anti-HBc antibodies in the absence ofT-cell helper functions after challenge 
with recombinant HBcAg in vitro. Peripheral B-cells from two chronic 
HBsAg carriers of whom one was HBV-DNA + in serum, lacked the capacity 
to produce anti-HBc antibodies when repeatedly tested in vitro. Tolerogenic 
sites within the HBcAg have recently been described in mice [5]. Because 
immature B-cell populations are unduely sensitive to tolerance induction 
[12], it could be speculated that the lack of responsiveness to HBcAg 
stimulation is a consequence of transplantal transmission of HBV-infection 
in these two patients. 

The capacity of HBcAg to function as aT-cell independent antigen in 
chronic HBsAg carriers but not in HB-immune donors in vitro, could result 
from antigen activation of a distinct B-cell subpopulation(s) which is beyond 
the resting state due to the previous encounter with HBcAg in vivo [8]. 
Alternatively, the residual natural killer cells in the B-cell preparations [8] 
from chronic HBsAg carriers and HB-immune donors deviate in their 
capacity to secrete lymphokines such as IL-2, IFN-y and IL-4 essential for 
the T-cell independent B-cell activation. 

It is well recognized that T-cell independent polysaccharide antigens are 
poor inducers of immunological memory and long-lasting immunity, parti
cularly in the young host [10]. At best, they stimulate short-lived IgM and 
IgG responses oflow affinity [10]. It has been demonstrated that the affinity 
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of anti-HBc antibodies in sera from asymptomatic carriers of HBsAg and 
patients with chronic liver disease type B were ten times lower compared 
with that obtained in pooled human immune sera [15]. So far, we do not 
know whether the anti-HBc antibodies produced in T-cell depleted B-cell 
cultures from chronic HBsAg carriers deviate in affinity from those induced 
in T-cell supplemented B-cell cultures from HB-immune donors. 

Restricted subclass diversification has been reported for T-cell independ
ent carbohydrate antigens in man [13]. A similar phenomenon has been 
reported for HBcAg induced anti-HBc antibodies in nude mice [6]. Whether 
this also holds true for T-cell independent HBcAg activation in man needs 
yet to be determined. 

T-cell independent antigens are generally polymeric molecules of rela
tively high molecular weight with a repeating structure and antigenic unit 
[10], and HBcAg fulfills these criteria [6]. Recent data indicate that a single 
dominant HBc determinant induces a numerous population of anti-HBc 
antibodies [11]. 

The T-cell independently induced anti-HBc antibodies in chronic HBsAg 
carriers in this report did not react with the synthetic peptides corresponding 
to the 40~49, 75~84 and 132~147 sequences of the C-region ofHBV (data not 
shown). Reactivity towards the short linear subsequence 73~85 of the basic 
HBcAg/HBeAg structure has, however, been described for some patients 
with chronic liver disease type B [2]. Whether this discrepancy in anti-HBc 
reactivity reflects a divergent mode of anti-HBc induction as far as T-cell 
dependency is concerned is not known. It is also not known whether 
predominantly conformation-dependent anti-HBc antibodies, as described 
for acutely infected and convalescent patients [11], are induced by T-cell 
independent means in chronic HBsAg carriers in an indolent stage. 

The importance of T-cell independent pathways for the development of 
protective immunity is controversial [1]. The data reported here indicate 
that T-cell independent reactivities elicited by HBcAg are expressed in 
chronic HBsAg carriers in a quiescent stage of the disease but not in HB
immune donors. Therefore, before taking advantage of the T-cell independ
ent carrier effect of HBcAg on antibody production against non- or low
immunogenic peptide sequences in chimeric vaccines intended for human 
use, as suggested by several groups [3, 7, 14], further delineation of the 
contribution of the T-cell independent capacity of HBcAg to protective 
immunity or chronically evolving hepatitis B is needed. 
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Divergent anti-HBc reactivities in HB-immune and chronic HBsAg 

carriers 
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Summary. We have monitored titers of anti-HBc antibodies in sera from 
acutely HBV -infected and chronic HBsAg carriers. Our data show that there 
is a divergence in the specificity of the antibodies in these two populations. 
We also present preliminary results showing that serum from HB-immune 
carriers contain antibodies that are multispecific and display autoimmune 
characteristics, reacting with human serum albumin. 

* 
In the current search for a vaccine against HIV much interest has been 
focused upon the HBcAg specific peptide sequence p120-140, which in some 
strains of mice has been demonstrated to function as a carrier moiety for 
a defined B-cell epitope from the envelope material of HIV [3]. Because 
neither HBV nor HIV infection occur as natural infections in mice, more 
information regarding the T - and B- cell recognition sites localized within the 
HBcAg/HBeAg basic protein complex in man are needed. Recently Howard 
et al. demonstrated the presence of low-affinity antibodies to the synthetic 
peptide corresponding to the 132-147 sequence in the C-region of HBV in 
human anti-HBV immunoglobulin [1]. Therefore we consecutively deter
mined the serological titers of anti-HBc# 132-147 antibodies in sera from 
acutely HBV-infected individuals through their convalescence phase and 
repeatedly tested chronic HBsAg carriers. Moreover, we studied the capacity 
of peripheral B-cells from HB-immune donors to secrete IgG antibodies with 
specificity for this peptide in comparison with cells from chronic HBsAg 
carriers after stimulation with low concentrations of E coli-derived core 
proteins in vitro. 

We found that antibodies of the IgM as well as IgG class against HBc# 
132-147 are elicited during acute hepatitis B. These antibodies were, 
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however, transiently induced in patients with an uncomplicated course ofthe 
disease (eg. normal P-prothrombincomplex, normotest values) and elimin
ated at the time of HBe/anti-HBe seroconversion. In patients with transient 
liver failure the elimination of anti-peptide antibodies were much slower and 
antibody titers were detectable during a prolonged period of time. Similarly, 
persistent and fluctuating titers of anti-HBc# 132-147 were repeatedly found 
in sera from HBeAg+ chronic carriers with active disease (manuscript in 
preparation). The notion that anti-HBc# 132-147 antibody production was 
related to viral replication was substantiated by in vitro studies demonstrat
ing T-cell dependently induced IgG anti-HBc# 132-147 antibodies in culture 
supernatants from 11/13 chronic HBsAg carriers but only in 1/6 HB-immune 
donors. Moreover, the highest levels ofIgG anti-HBc# 132-147 in vitro were 
registered with cells from chronic patients seropositive for HBV-DNA 
(manuscript in preparation). Consequently, our data suggest that T-cell 
dependent helper functions regulate the anti-HBc# 132-147 production in 
chronic carriers, whereas this antibody secretion is under the influence of 
a suppressor signal in HB-immune donors. This notion is supported by the 
finding in the mouse system that p 120-140 is immunogenic in some but 
tolerogenic in other strains [2]. 

The specificity of the anti-H Bc antibodies in HB-immune donors seemed 
to be disparate compared with those in chronic carriers of HBsAg, as the IgG 
antibodies reactive with E coli-derived HBcAg, in contrast to the IgG anti
HBc# 132-147, remained in circulation and increased in titers during the 
convalescence phase. Furthermore IgG anti-HBc (E coli-derived), but not 
anti-HBc# 132-147 antibodies were detectable in supernatants from HBcAg 
stimulated immune B/T-cell cultures in vitro. Whether these antibodies 
recognize conformational HBc epitopes or linear sequences of the basic 
HBcAg/HBeAg structure outside the sequence 132-147 is still unknown. 

Taken together, these data indicate that the specificity of circulatory anti
HBc antibodies are divergent in chronically HBV-infected individuals 
compared with those, who had developed a protective immunity to HB. 
Preliminary data from our laboratory have demonstrated that the pool of 
anti-HBc antibodies in chronic HBsAg carriers contain anti-HBc antibodies, 
which are multi specific and reactive with the host "self"-component human 
serum albumin and thus autoimmune in their nature. The albumin associ
ation with the amino-terminal domain of the capsid protein ofRBV has been 
previously described in the literature, a finding which must be taken into 
consideration in man, in the search for protective RBc-determinants. 
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Summary. Using enzyme immune assay and immune electron microscopy, 
we have examined the sera of immune-suppressed anti-HBc negative HBV
infected patients for the presence of HBcAg. Our results suggest that free 
HBV core particles are absent or present only in minute amounts in the 
blood of chronic carriers and that at the most, only minimal amounts of core 
antigen are found on the surface of the virus particles. 

* 
Hepatitis B core antigen (HBcAg) of Hepatitis B virus (HBV) is considered to 
be the most immunogenic structure of HBV. Antibodies to HBcAg are only 
absent in the early phase of infection or in severely immunodeficient patients. 

The question of how the immune system recognizes HBcAg has not yet 
been resolved. Recently, it was suggested that circulating virions would 
expose HBcAg at their surface [1]. Alternatively, "naked" core particles may 
be secreted or liberated from hepatocytes, as was found in vitro [2]. The 
observation of free HBcAg in the serum ofHBV carriers is usually hampered 
by the excess of anti-HBc which covers up any available HBcAg. However, 
under the conditions of severe immune suppression anti-HBc may be absent. 
We observed an absence of anti-HBc in certain children suffering from 
malignancies [3]. 

During cytostatic treatment, 74 children were inadvertantly HBV in
fected, and became persistent asymptomatic HBV carriers. After 6 to 8 years, 
47 of the 54 survivors were still strongly positive for HBsAg, HBeAg and 
HBV DNA. Out of 36 tested children, 22 were constantly positive for anti
HBc, 8 showed variable reactions, and 6 were constantly negative. As their 
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immune reactions to other antigens seem to be normal, these patients have 
obviously developed a selective immune-tolerance against the antigens 
of HBV. 

We investigated 13 of these patients, 8 positive for anti-HBc and 5 
negative. The titers for HBsAg and viral DNA in these patients were 
compared to those of asymptomatic HBsAg and HBeAg carriers who were 
detected upon blood donation. The titers for HBsAg and viral DNA in the 
blood donor carriers scattered over a wide range, while these parameters 
seemed to be more homogeneous in the immunotolerant children with no 
significant difference between anti-HBc negative and positive sera. We 
concluded that in an immunotolerant organism, a typical and possibly stable 
state of viral replication is established with normal values of 70 to 200 Ilg 
HBsAg and 100 to 200 million virus particles per m!. 

We consequently examined the sera of the anti-HBc negative children for 
free HBcAg by enzyme immune assay. Centrifugation through a sucrose 
gradient separated the HBV particles from serum proteins. The concentrated 
HBV particles were analyzed for HBcAg either directly, or, as a control, after 
removal of the viral envelope. The HBcAg assay was performed in micro
plates which were coated with two different HBc-specific monoclonal 
antibodies [4J; as peroxidase conjugate we used polyclonal anti-HBc from 
sheep. In this assay, all anti-HBc negative sera were highly positive for core 
antigen when the HBsAg was stripped off from the virions, containing more 
than 20 ng HBcAg per m!. This finding showed that the absence of anti-HBc 
was not due to mutation of the HBc epitopes. 

We did not, however, find any HBcAg in the untreated virus samples, 
irrespective of whether anti-HBc was present or not. As a positive control we 
used recombinant core particles and achieved a sensitivity of 3 ng per ml 
corresponding to 0.3 ng per ml in the tenfold concentrated serum samples. 
According to this enzyme immune assay, free core particles do not circulate 
in blood of chronic carriers at levels higher than 0.3 ng per ml, and only 
minute if any amounts at all of core antigen are present on the surface of the 
VIrus. 

Although HBcAg was not detectable by enzyme immune assay, we 
wanted to confirm this result using another method. To this end, we chose 
immune electron microscopy (see Table 1). We tried to generate aggregates of 
HBV particles by addition of various antibodies. These aggregates were 
enriched by centrifugation, resuspended and identified electron microscop
ically. First, we used monoclonal or polyclonal anti-HBc in a wide range of 
concentrations. We did not, however, detect aggregated virions or core 
particles. Only in one offour sera did we observe clusters of what appeared to 
be virus particles. As we found similar clusters also in the negative control, 
this was possibly an artefact of the preparation. To test the reactivity of 
the anti-HBc, we mixed it with recombinant core particles. Monoclonal and 
polyclonal anti-HBc lead to aggregates which we found neither in the 
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Table 1. Aggregation of HBV-particles by antibodies 

S pecifici ty of HBV from patients sera rHBc-particles 
antibody neg." neg. neg. neg. pOSb 

untreated 
buffer + (+ ) (+ ) 
anti-HBc + (+ ) n.d. +++ 
anti-SHBs n.d. +++ n.d. +++ +++ n.d. 
anti-preS2 n.d. + n.d. n.d. ++ n.d. 
anti-preS1 n.d. + + + + n.d. 

" anti-HBc absent, or b present in the patients' sera 

untreated, nor in the mock-treated control. 
Finally, we wanted to determine whether viral particles from the sera 

could be aggregated by monoclonal antibodies at all. Therefore, we also used 
antibodies against the small, middle and large HBs protein. Anti-SHBs and 
anti-preS2 were able to aggregate virions, filaments and 20 nm particles. 
Although it has been reported that the middle protein may be absent on virus 
particles [5J, in our study the antibody against the preS2 glycopeptide also 
complexed the virions. However, the anti-preSl antibody agglutinated only 
filaments and virus particles. This supports our previous finding that 20 nm 
particles have only a very small proportion of the large HBs protein [6]. 
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Summary. The expression of immune adhesion molecules governing cell---cell 
and cell-matrix interactions allows an optimal migration and accumulation 
of lymphocytes in acute and chronic inflammatory liver diseases. 

Introduction 

Cell communication is essential for the development, tissue organization and 
function of all multicellular organisms. Cells communicate with each other 
and with their environment via soluble mediators and direct contact. In the 
immune system, lymphocytes are involved in a complex network of soluble 
mediators, cell-cell and cell-matrix interactions. The circulating lympho
cytes that arrive at the site of injury must directly adhere to the endothelium 
and basement membrane during extravasation from the blood stream. Once 
in the extravascular compartment, lymphocytes will migrate in response to 
gradients of chemoattractants and to adhesive gradients. By adherence to 
a variety of cells, lymphocytes will move towards antigen-presenting or 
infected target cells, adhere to them and deliver an appropriate immuno
logical response. 

Lymphocyte "homing" in the liver: interactions with endothelium 

In the past few years, we have focused on homing and adhesion processes of 
lymphocytes in the liver. In order to leave the sinusoidal compartment and to 
enter the liver parenchyma, lymphocytes have to interact with endothelial 
cells (EC) [6]. This emigration process involves a lymphocyte adhesion step 
to EC, which is mediated by particular receptors expressed on lymphocytes 
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Fig. 1. Schematic illustration of the interactions between T-cell and endothelial cell (£C) in 
liver inflammation 

("homing receptors") that bind to their corresponding natural ligands 
displayed by activated EC ("vascular selectins") [1, 2J (Fig. 1). 

Using in situ immunohistochemistry and a panel of specific monoclonal 
antibodies, we have shown that both in acute and chronic HBV -related 
hepatitis, portal tracts as well as areas of periportal and intralobular 
inflammation consist virtually only of memory T -lymphocytes that strongly 
express LF A-I, VLA-4, CD44, and CD4 antigens. In addition, several 
vascular selectins are up-regulated (lCAM-l, CD44, HLA-DQ) or de-novo 
expressed (VCAM-l, ELAM-l) on sinusoidal endothelial cells in the same 
areas of inflammation. Moreover, the mechanism of accumulation of 
lymphocytes at sites of periportal "piecemeal necrosis" appears to be similar 
to that in intralobular "spotty necrosis", and to involve interactions with 
periportal sinusoidal endothelial cells. Expression of LAM -Ion portal 
(LAM-l +) but not on lobular (LAM-l-) T-cells suggests that homing of 
lymphocytes to portal tracts additionally involves the LAM-l molecule, and 
that different homing mechanisms are operative in various compartments of 
the liver. 

Lymphocyte "homing" in the liver: interactions with hepatocytes 

Once they arrive in the lobular parenchyma, T-Iymphocytes are involved in 
interactions with hepatocytes as potential target cells. This 
lymphocyte/hepatocyte interaction is mediated by several molecules ex
pressed on both lymphocytes and hepatocytes (Fig. 2). 

The HB core antigen (HBcAg) most likely represents the viral target 
antigen for cytotoxic T -cells in areas of inflammation, and studies on 
lymphocytes isolated from HBV -infected liver tissue have confirmed this 
view [3]. 
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Fig. 2. Schematic illustration of the interactions between T-cell and hepatocyte (H EP) in 
liver inflammation 

T-cell mediated cytotoxicity is restricted by products encoded by the 
Major Histocompatibility Complex (MHC) Class I (HLA A, B, C) and Class 
II (HLA-DR); both MHC-products are expressed by hepatocytes in areas of 
liver inflammation in acute and chronic HBV -infection [4]. Together with 
these HLA-antigens, the viral antigen is recognized by specific receptors 
expressed on the T-cell membrane (TCR). 

An optimal T-cell mediated cytotoxic activity requires a strong adher
ence between T -cells and target cells. In addition to the antigen-dependent 
interactions, several adhesion molecules have been demonstrated to 
strengthen this adherence in an antigen-independent manner [5]. In contrast 
to normal liver, ICAM-l and LFA-3 are expressed on hepatocyte mem
branes in HBV-infection in a diffuse (acute hepatitis) or focal distribution 
pattern (chronic hepatitis and cirrhosis). Moreover, a close topographical 
correlation exists between hepatocellular expression oflCAM-l and LFA-3 
on the one hand, and the presence of memory T-Iymphocytes expressing the 
respective ligands LFA-l and CD2 on the other. Hence, adhesion between 
hepatocytes and inflammatory cells is mediated by two pathways of cellular 
interaction, involving ICAM-l /LFA-l and LFA-3/CD2. 

In addition to ICAM-l and LF A-3, other adhesion molecules are 
involved in the interaction between T-Iymphocytes and hepatocytes. We 
could show that hepatocytes de-novo express the CD44 antigen in areas of 
inflammation, particularly in liver biopsies with acute hepatitis. Since 
inflammatory cells strongly express the CD44 antigen, it is likely that a 
CD44-mediated homotypic form of binding between T-cells and hepatocytes 
occurs in inflammatory liver diseases (Fig. 2). Moreover, the expression of 
the VLA-5 molecule is strongly up-regulated on the membrane of hepato
cytes in both acute and chronic hepatitis. Since VLA-4, as well as VLA-5 are 
fibronectin receptors, recognizing two different domains of fibronectin (FN), a 
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fibronectin-mediated binding between VLA-4 + lymphocytes and VLA-5 + 
hepatocytes is very likely. 

Conclusions 

The microenvironment in areas of intralobular inflammation (areas of 
"piecemeal" and "spotty" necrosis) allows an optimal egress of lymphocytes 
from the blood into the lobular parenchyma. Accumulation of lymphocytes 
in areas of liver inflammation involves interactions between homing re
ceptors on lymphocytes, and corresponding ligands (vascular selectins) on 
sinusoidal endothelial cells. The expression of cytokine-inducible adhesion 
molecules (ICAM-l, ELAM-l, VCAM-l, HLA-DQ) by sinusoidal endo
thelial cells indicates that these cells actively modulate their phenotype in 
response to environmental factors, thus playing a key-role in the regulation 
of leukocyte traffic in inflammatory liver diseases. 

Once lymphocytes arrive in the lobular parenchyma, their binding to 
hepatocytes is mediated by several pathways of adhesion molecule pairs, 
which strengthen this lymphocyte/hepatocyte interaction so that antigen
specific recognition can occur. 
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Summary. We report on the analysis of HBV transcription in peripheral 
blood mononuclear cells of chronically infected patients by polymerase chain 
reaction amplification. Our results suggest that in these cells gene expression 
occurs either as pregenomic or subgenomic transcripts. 

Introduction 

Hepatitis B Virus (HBV) infection of Peripheral Blood Mononuclear Cells 
(PBMC) has been shown to occur in all stages of liver disease. All 
information about the physical state ofHBV in PBMC comes from Southern 
blot analysis and in situ hybridization [1, 3, 5, 6]. The virus is usually 
present as free monomeric or multimeric episomic forms at a very low copy 
number per cell. Moreover, the HBV infection ofPBMC fluctuates in time in 
the same individual, independent of the presence of viremia [2, 7]. 

Usually, chronic carriers harbor a more stable infection than acute 
hepatitis patients [7J, which can be detected either by Southern blot 
technique or, more sensitively, by Polymerase Chain Reaction (PCR). 
Whether HBV can undergo gene expression and replication in PBMC is still 
an open question. In the woodchuck animal model the presence of wood
chuck hepatitis virus (WHV) specific transcripts in PBMC and spleen cells 
has been clearly observed [4J, suggesting that the WHY can replicate in these 
cells with a complete extrahepatic cycle. 

In man, HBV intermediate replicative DNA forms have been seldom 
reported. HBsAg and preS proteins have been shown in the PBMC but one 
cannot rule out possible passive adhesion or receptor binding of surface 
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proteins to the PBMC. The presence of the HBV specific transcripts in the 
cells seemed a better marker for a real replicative cycle. In order to 
discriminate whether HBV specific transcription and replication in PBMC 
occurs or whether PBMC simply represent a reservoir of the virus, we 
investigated a chronically infected group of patients by PCR amplification of 
HBV specific primed cDNA of total PBMC RNA. 

Patients and methods 

We investigated PBMCs from 15 patients (13 men, 2 women) with chronic active B hepatitis. 
All sera were tested for HBV, HCV, HDV and HIV markers with commercial radioimmuno
assays. Serum HBV DNA was detected by spot hybridization. 

PBMC from 40 ml heparinized venous blood were separated on a Ficoll-Paque gradient, 
the cells were washed several times in phosphate buffered saline, the last washing medium 
kept for further processing. 

DNA extraction was performed according to standard procedures. RNA extraction was 
performed using the guanidine isothiocyanate method. 

To detect either pregenome or subgenomic transcripts, primers located in the core (C) or 
the X gene were employed. The positive control was liver RNA from an HBsAg+patient 
expressing only a 2.1 kb mRNA detectable in Northern blot by electrophoresing 10 flg of 
polyA + mRNA. To ascertain that no serum contamination took place, the PCR reaction 
was performed on the last washing medium of PBMC. 

Total cellular RNA (3 flg), DNase treated, was vacuum dried with (-) strand primer and 
denatured at 80 DC for 3 min in a saline solution before cooling down to the annealing 
temperature for 1 hour. First-strand synthesis of cDNA occurred at 42°C by adding 15 U of 
AMV RT and incubating for 1 hour. The samples were then set for the PCR procedure 
adding the (+) strand primer, the Taq buffer and the Taq DNA polymerase. The 
temperature cycling was 92°C/1 min for denaturation, 55 °C/2 min for annealing and 
72 °C/2 min for extension of the primed DNA. Portions of 10 fll of the PCR product were 
electrophoresed onto a 2% agarose gel and transferred to a nylon membrane. Hybridization 
was performed with a full length nick-translated HBV probe. Washings were performed 
under stringent conditions. 

Results and discussion 

The Southern blot analysis of PBMC DNAs, digested with EcoRI, detected 
positive signals at 3.2 kb, as for full length linearized HBV DNA, only in two 
viremic patients. 

By PCR analysis, in all viremic patients the viral DNA was present in the 
PBMCs and transcriptionally active in most (Table 1) either as C RNA or 
subgenomic/coterminal RNA, while in the non-viremic patients the viral 
DNA was present in half of the group, but no C transcripts could be 
amplified. The patients who did not harbor viral DNA did not present any 
transcripts. The PCR conducted on the last washing medium in the same set 
of experiments was constantly negative. ' 

We conclude that HBV transcription occurs in the PBMC of chronically 
infected patients with liver disease. Very few cells seemed to be infected since 
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Table 1. Scheme ofthe group studied, divided according to the presence ofHBV DNA 
in the serum 

PCR+ on PCR+ on X C 
N. DNA RNA primers primers 

Viremic patients 9 9 7 7 6 
Non-viremic patients 6 3 3 3 0 

PCR was performed with the same two sets of primers on DNA and RNA of PBMC 

both vIral DNA and RNA were detected via PCR. In most of the patients 
found to carry the viral genome in PBMC the viral genes were expressed. The 
presence of transcripts suggests that the replication of the HBV can take 
place also in non-hepatic tissue, as one may speculate from the presence of 
a C amplified transcript, although intermediate replicative forms of HBV 
have seldom been demonstrated in these cells. 

In non-viremic patients HBV DNA was found in the PBMC in half of 
cases and only subgenomic transcripts were found. This suggests that HBV 
transcription in the PBMC may correlate with the hepatic replicative status 
of the virus. 
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Summary. Using peR we have studied mononuclear peripheral blood 
leucocytes (PMBLs) from HBV-infected immunosuppressed patients in 
order to detect the presence of HBV genomes. Our results indicate that non
transient PMBL infection is common in immunotolerant carriers. In addi
tion, the presence of pregenomic mRNA sequences suggests that virus 
replication may take place in PMBLs, possibly implicating the latter as 
a source of virus after replication has ceased in the liver. 

* 
The Hepatitis B Virus (HBV) genome has already been detected in Peripheral 
Mononuclear Blood Leucocytes (PMBLs) and other non-hepatic cells in 
many stages of the clinical disease. The significance of these findings for viral 
pathogenesis, latency, and recurrence has, however, still not been established. 
In particular, it is unknown whether HBV genomes in PMBLs can be 
expressed in vivo as HBV particles and what their relative contribution to 
the pool of complete viral particles might be [1, 2, 3]. We, therefore, have 
studied HBV gene expression in PMBLs from a group of 74 children 
showing an uncommon outcome after HBV infection under uncommon 
circumstances. 

These children, 3-18 years of age, had been infected with HBV during 
treatment for malignancies in 1983-1986 [4]. More than 90% have de
veloped an immunotolerant carrier state without any clinical, serological, or 
histological signs ofliver-cell destruction. They are serologically still positive 
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for HBsAg, HBeAg and HBV-DNA and 20% have not even developed anti
HBc. The children who survived the malignant disease were immuno
logically normal except for the HBV infection. 

Using the Polymerase Chain Reaction (PCR) [5, 6J we have looked for 
HBV DNA and HBV mRNA in PMBLs. PCR sets were carried out with 5 
different pairs of primers enabling the detection of all parts of the HBV 
genome (Fig. 1). To assure specificity of the PCR reaction, adequate negative 
controls such as PMBL DNA from HBV seromarker negative patients were 
included in each PCR set. Furthermore, aliquots from the PCR products 
were blotted onto a Gene-Screen-Plus membrane and hybridized to specific 
5'[32pJ labeled oligonucleotides under stringent conditions [6, 9]. All 5 
different PCR fragments were completely sequenced in one case. To rule out 
possible serum contamination of PMBLs the washing fluid that had been 
used during the last step of the PMBL preparation was also tested. It was 
always negative. The high sensitivity of the PCR requires additional controls 
to rule out any HBV DNA contamination of mRNA preparations as the 
replication cycle of HBV generates RNA/DNA-hybrids [10]. We, therefore, 
performed two independent sets of reverse transcription reactions in which 
each of the two primers applied in PCRs of HBV DNA was used. In the first 

----

Fig. 1. Map of 5 different PCR amplifiable fragments within the HBV genome [Ref. 7, 8]. 
"PreS" 2819-193, "s" 169-845, "pol/X" 823-1450, "X/core" 1426-2379, "core/pol" 
2355-2843. All PCR primers shared a 24 basepair homology to constant regions of the HBV 
genome and contained an additional 8 bases at their 5' end to provide recognition sites for 

restriction enzymes to facilitate cloning 
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set, the primer that was complementary to positive-sense HBV sequences 
was applied to prime cDNA synthesis. In the second reaction, the primer that 
was complementary to negative-sense HBV sequences was used for reverse 
transcription to detect potential DNA contamination. 

PMBLs from all 10 HBsAg carriers out of this group of patients were 
positive for HBV DNA with all of the five primer pairs applied in peR. To 
detect HBV specific transcriptional activity, PMBLs from five of these 
patients were tested for HBV mRNA. Two fragments of the HBV genome 
were amplified from cDNA by peR, one specific for the HBV RNA 
pregenome and one covering the "S" gene region. Both HBV specific RNA 
sequences could be detected in all 5 HBs- and HBeAg positive carriers that 
had been tested. 

PMBLs from the patients who had become serologically negative for 
viral antigens (less than 10% of our patients) were tested in only one case. 
Interestingly, this patient had an integrated HBV DNA fragment in a liver 
biopsy sample. Southern blot showed a monoclonal integration pattern with 
one HBV band in the HindIII digest ofliver cell DNA [9, 11]. No replicative 
or episomal forms were visible. Furthermore, peR amplified only fragments 
from the "pol/X" and the "X/core" region. This excludes HBV replication in 
liver cells, since the whole viral genome is required for this process. A possible 
source for the viral DNA in the patient's serum could be the mononuclear 
cells of the patient. DNA extracts of these cells after extensive washing 
reacted positively in peR with all five primer pairs indicating complete HBV 
DNA. Moreover, HBV mRNA could also be detected in the patient's 
mononuclear cells by peR. 

These data suggest that HBV infection of PMBLs is common in an 
immunotolerant carrier state. HBV genomes are transcriptionally active in 
these cells and possibly support virus replication since HBV pregenomic 
mRNA sequences can be detected. In contrast to other reports [2J, HBV 
infection of PMBLs seems not to be a transient event in these cases. PMBLs 
might still support HBV replication after cessation of virus replication in 
liver cells due to a subgenomic clonal integration of HBV DNA into the 
cellular chromosomes. A similar dissociation between PMBL and liver HBV 
infections has already been observed in HBsAg positive patients undergoing 
liver transplantation [12J, but this has not yet been demonstrated under 
natural circumstances. The presence of anti-HBs does not seem to be 
sufficient to stop HBV replication in PMBLs after liver transplantation. It 
will be interesting to study the role of PMBL infection by HBV in the 
induction of selective immunotolerance. 
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Summary. We have constructed two expression vectors in order to study the 
action of the HBV 17 Kd X protein on the c-fos and c-myc promoters. The 
results show that the promoters contain multiple elements that respond to 
X protein, suggesting involvement of multiple transcription factors. The 
exact mechanism of the interaction remains elusive, but our data allow 
speculation about the factors that may be influenced. 

* 
The hepatitis B virus (HBV) X open reading frame encodes a 17 KD 
transcriptional transactivator (pX) which stimulates transcription of genes 
under the control of autologous [1] as well as other viral (SV40, RSV, 
HTLV-1, HIV1 and HIV2) [2, 3, 4, 5, 6, 7] and/ non-viral regulatory 
sequences W-interferon gene, MHC II class genes) [1, 8]. During productive 
infection the X protein supplied from and acting upon the HBV genome 
augments the levels of HBV mRNAs required for viral replication [1]. 
Although this increase in the viral transcription is the major effect of pX in 
the infected hepatocytes, the broad spectrum of pX activity on transcription 
suggests the possibility that its expression during viral replication, or after 
HBV genome integration, may influence other important cellular genes. 

To test the action of the X protein on the c-fos and c-myc promoter and 
to identify the X responsive sequences, we constructed two eukaryotic 
expression vectors, pMLP-X [9] and pSV-X [7] and cotransfected them in 
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He La cells, together with one of several plasmids containing the chloram
phenicol acetyl transferase (CAT) gene under the control of truncated c-fos 
and c-myc regulatory sequences. As shown in Fig. 1B, pX stimulates by 
several fold the transcription from the entire c-fos promoter. 

Several sequences important for transcription regulation have been 
mapped in the c-fos promoter: the Serum Response Element (SRE), located 
between - 317 and - 298, mediates the ability of the promoter to respond to 
serum stimulation, epidermal growth factor, phorbol12-myristate 13-acetate 
and insulin. Downstream to SRE, between - 303 and - 283, there is 
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Fig. 1. A c-fos promoter Chloramphenicol Acetyl Transferase (CAT) constructs. Numbers 
indicate nucleotide position with respect to the transcription start site ( + 1) ofthe c-fos gene. 
B A representative CAT assay. HeLa cells were cotransfected with 2 Ilg of the CAT plasmids 

and 21lg of either pUC13 (T) or pSV-X (+X) 
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a sequence with homology to AP-I as well as an ATF site (AP-I/ATF). 
Another A TF site is located between - 63 and - 57, in the cAMP responsive 
element (CRE/ATF); it should be noted that this element is atypical and is 
also a target for AP-l. Two direct repeats (DR) between -97 and -76 seem 
to be important for the c-fos promoter. These DRs bind nuclear proteins and 
are also influenced by the retinoblastoma gene product [10]. Finally, there is 
a canonical TAT A-box at position - 30. 

We found that the regions located between position -402 and -240, 
which contain both the SRE, target for the c-fos autoregulation, and a 
modified AP-l site-activated by the jun-fos heterodimer-contribute to the 
pX mediated activation of the promoter, since both pFC4 (promoter 
truncation to -402) (Fig. Ia) and pFTK (containing the region of the c-fos 
promoter from - 323 to - 276 linked to a minimal TK promoter) were 
activated by pX (Fig. I b). To better define the pX responsive sequences in 
pFTK, we used two derivatives in which either the SRE or the API site was 
mutated. Our results show that both sites are activated by pX (data not 
shown). The mutant lacking the sequences located upstream of position 
-220, i.e. retaining only the DRs, the ATF/AP-I site and the TATA box 
(pFC8, promoter truncation from - 220, Fig. IA) shows a drop in the basal 
level of expression but it is still activable, suggesting that a second pX 
responsive element is located downstream of position - 220. 

We next applied a similar approach in order to identify the regulatory 
sequences which respond to pX in the c-myc gene. The murine and the 
human c-myc gene are each composed of three exons, the first of which is 
non-coding. Transcription, which starts from two different initiation sites, PI 
and P2, has been extensively studied by 5' deletions and in vivo competition 
experiments: these studies suggest that multiple negative and positive 
regulatory elements are responsible for the amount of c-myc mRNAs in 
different cells and tissues. We performed cotransfection experiments using 
c-myc regulatory sequence deletion mutants (Fig. 2A). The results obtained 
are compatible with the hypothesis that, as already demonstrated for the 
adenovirus EIA, the major target for the stimulation by pX could be the E2F 
site in the second promoter (Fig. 2B). 

The presence of multiple elements in the c-fos and c-myc promoter, 
including the SRE and the API site, that are responsive to pX, suggests that 
multiple transcription factors might be influenced by pX. However, the 
nature of the interaction between the pX and such factors remains unclear. 
pX could either form stable complexes with individual transcription factors 
or covalently modify one or more of such factors. Alternatively, pX could act 
on additional, so far unknown, proteins that mediate pX activation of nuclear 
transcription factors. The capability of a hybrid protein of pX fused to the 
DNA binding domain of C/EBP to activate the pX responsive element in the 
HBV enhancer suggests that pX could act as a transcriptional activating 
domain by directly interacting with the transcriptional machinery. On the 
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other hand it has been recently reported that pX displays an intrinsic 
serine/threonine kinase activity and might activate transcription by cataly
zing the phosphorylation-and subsequent activation-of cellular factors 
involved in transcription regulation. 
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Fig. 2. A c-myc CAT construct and its deletion mutants. The top line shows the c-myc gene 
regulatory sequence organization. P 1 (promoter 1), P2 (promoter 2) and the first ex on (X) 
are indicated. CAT Chloramphenicol Acetyl Transferase; E EcoRl restriction site in the 
c-myc promoter; C ClaI restriction site; K Kpn I restriction site; N Nco I restriction site. B A 
representative CAT assay showing the activation of the c-myc promoter deletion mutants 

by pX 
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Summary. We have studied the c-myc gene as a possible target of HBV X 
protein in liver carcinogenesis. Our results indicate that trans-activation by 
X protein occurs via PKCj API signal transduction, suggesting a possible 
two-step mechanism in HBV related liver carcinogenesis. 

* 
The observation that the HBV X protein (HBx) exerts a transcriptional 
trans-activator function has led to the idea that trans-activation of cellular 
genes by integrated HBV DNA might contribute to liver carcinogenesis. But, 
as HBx does not bind to DNA, the question of whether and how cellular 
genes can be trans-activated is still open. 

Investigating the c-myc gene as a possible oncogenic target of HBx trans
activation, we found after cotransfection of Chang liver (CCL13) cells an 
about 15 fold trans-activation of CAT reporter genes under the control of the 
human dual c-myc promoter. A minimal promoter construct containing the 
myc P2 initiation site and the APljfos binding site located upstream of P2 
was still stimulatable, whereas deletion of the APljfos binding site rendered 
the promoter unresponsive to HBx. Introduction of a synthetic APljfos 
binding site into an otherwise non-stimulatable promoter caused it now to be 
trans-activatable by HBx. In F9 teratocarcinoma cells, which do not express 
detectable amounts of API or fos, HBx displayed no trans-activation of 
reporter genes; cotransfection with vectors expressing API and fos fully 
reconstituted the trans activity, showing that trans-activation by HBx is 
dependent on the presence of the APljfos transcription factor. Interestingly, 
also tumour promoters (e.g. the phorbolester TPA) influence cellular genes 
via TPA-responsive elements (TREs) such as API, AP2 or NF-kB binding 
sites. HBx has recently been shown to trans-activate a broad range of viral 
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and cellular genes; a comparison of their 5' -regulatory regions revealed that 
common to these genes is the presence of one or more TREs. As the 
stimulation of TRE-dependent genes by tumour promoters is effected by an 
activation of the cellular protein kinase C (PKC), we investigated if trans
activation by HBx is also mediated via the PKC signal transduction 
pathway. In cotransfection experiments, three different PKC inhibitors each 
eliminated the trans-activating effect of HBx. Also, after depletion of PKC 
activity in CCL13 cells by long-term treatment with TPA, no more HBx 
trans-activation was detectable. Finally, direct measurement of PKC enzyme 
activity showed that PKC is translocated to the membrane after transfection 
with HBx expression vectors. We conclude that one way of mediating trans
activation by HBx occurs via the PKCjAPl signal transduction pathway, 
suggesting that HBV could contribute to liver carcinogenesis as a tumour 
promoter in the sense of the two-step carcinogenesis mechanism. 

Authors' address: Dr. A. S. Kekule, Max-Planck-Institut fur Biochemie, D-8033 
Martinsried, Federal Republic of Germany. 
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Truncated pre-SIS proteins transactivate multiple target sequences 

G. Natoli l , C. Balsano l , M. L. AvantaggiatP, E. De Marzio l , M. ArtinP, 
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Summary. In order to investigate the transactivational function of HBV 
truncated preS/S proteins we have constructed two sets of plasm ids and have 
tested their transactivational potential on the c-myc regulatory sequences 
and the TPA-responsive element. We found that preS/S proteins only 
become transactivationally active when truncated at the carboxy terminal 
end. Furthermore, using immunofluorescence microscopy we determined 
that the proteins are located exclusively in the cytoplasm, apparently ruling 
out DNA binding and activation of factors in the nucleus. 

* 
Chronic hepatitis B virus (HBV) infection is associated with a high risk of 
developing hepatocellular carcinoma (HCC) [1,2]: in HBV-induced HCC, 
integrated viral DNA sequences are virtually always present but only 
occasionally are genes controlling the cell growth and differentiation dis
turbed by these inserts [3-5]. Thus, since no common sites of viral DNA 
integration have been observed, the induction of cell growth by HBV 
enhancer or promoter insertion cannot be regarded as a general mechanism 
of transformation in human HCC. On the other hand HBV, like many other 
DNA viruses bears a transactivational potential, exerted both by the X 
protein [6-8] and, as recently demonstrated [9, 10] by preS/S proteins 
which have lost their carboxy termini. 

In order to characterize this new transactivator function, we engineered 
two sets of plasmids carrying preS1/S2/S and preS2/S 3' deletion mutants, 
respectively, under the control of the adenoviral major late promoter (Fig. 1). 
The plasmids pMLP-S1 and pMLP-S2 contain the entire preS/S and the 
preS2/S region, respectively. Their derivatives de151, del74 and de1194 
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contain 526, 458 and 94 bp of the S gene, respectively, thus encoding for 
proteins lacking 51, 74 and 194 amino acids from the carboxy terminus of the 
S-ORF. The transactivational properties of the preS/S truncated peptides 
were investigated in 293, Alexander and He La cells: the cells were transfected 
with 4 /lg of a preS/S expression vector and 1 or 2 /lg of a reporter plasmid 
carrying the CAT gene under the control of specific regulatory sequences. 
After 48 hrs, the cells were collected and extracts for the Chloramphenicol 
Acetyl Transaminase (CAT) assay were prepared as described [8]. As targets 
to test the transactivation phenomenon the c-myc regulatory sequences and 
the TPA-responsive element (TRE) were used. In the plasmid p111 (pMyc
CAT) a 2.9 kb Hind III-Pst I fragment, containing the 5' flanking sequences, 
the promoter and a nearly complete first ex on of the human c-myc gene, has 
been inserted into the CAT vector pHP 34-CAT. The TRE-TK CAT 
plasmid contains three copies of the human collagenase TRE, followed by a 
minimal TK promoter. The activity of the full-length and carboxy terminal 
truncated HBV envelope proteins is summarized in Fig. 1A and B, and in 
Fig. 2 is shown a representative CAT assay. CAT expression levels were not 
augmented either by the full-length preS/S proteins or by proteins deleted of 
only 51 carboxy terminal amino acids; the transactivating function instead 
appeared when 23 additional amino acids were removed, both in the 
preSl/S2/S and in the preS2/S proteins. 

The observation that the preS/S proteins acquire a transactivational 
activity only when deleted in the carboxy terminal part is relevant for several 
reasons. Firstly, the integration of the preS/S sequences into the host genome 
during a chronic infection often leads to the loss of the 3' of the gene, 
according to the published sequences of the viral integrants. Moreover, the 
deletion of the two carboxy terminal hydrophobic transmembrane domains 
that are believed to be involved in the assembly and in the endoplasmic 
reticulum processing of the HBV surface proteins, is needed to generate the 
transactivating activity. This observation suggests that the generation of the 
transactivating function of the truncated preS/S proteins after HBV integra
tion could be due to an altered subcellular distribution and/or secretion of 
the preS/S proteins. To test this hypothesis we therefore performed indirect 
immunofluorescence experiments using monoclonal antibodies directed 
against the preSl or preS2 region (a gift from A. Budkowska, Paris), in order 
to define the subcellular localization of the truncated preS/S protein. Briefly 
293 cells were transfected, using the calcium phosphate method, with 10 /lg of 
each preS/S expression vector; 16-18 hrs after transfection, the medium was 
replaced and 24 hrs later the cells were washed in phosphate buffered saline 
(PBS) and fixed for 5 min in cold methanol, followed by 8 washes in cold 
acetone. After abundant rinsing in PBS the cells were incubated for 30 min 
with the appropriate antibody. The cells were then washed twice in PBS 
containing 0.05% NP-40 and incubated for 20 min with a 1: 100 dilution of 
a fluoresceine isothiocyanate-conjugated goat anti rabbit antiserum. After 
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Fig. lA and IB. HBY constructs used in transient transfection assays. MLP major late 
promoter [8]. SI preSl surface protein gene. S2 preS2 surface protein gene. S HBY major 
surface protein gene. CA T 3' 75 base pairs of the CA T gene. S V small intron and SY 40 early 
region polyadenylation site. X Xba I restriction site in the HBY genome, position 249, B 

Bstx I (HBY genome, position 613), S Spe I (HBY genome, position 681) 

further washes the cells were mounted in 90% glycerol and photographed 
using a Leitz microscope. All the carboxy terminally truncated preS/S 
proteins had a cytoplasmic distribution. Nuclear localization was not 
observed for any of the truncated preS/S proteins. 

Although further experiments are needed to better define the association 
of the truncated preS/S proteins with the endoplasmic reticulum or other 
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52 051 074 ot94 052 

Fig. 2. Alexander cells were cotransfected with 2 Ilg of TRETKCAT plasmid (a gift from 
Paolo Sassone Corsi, CNRS, Strasburg), and the various preS2jS deletion mutants 

subcellular structures, the cytoplasmic localization of these peptides seems to 
exclude both binding to the DNA and activation in the nuclear micro
environment of cellular transcription factors. We can presume that the way(s) 
by which the truncated preS/S proteins exert a transcriptional effect must 
involve the modification of the activity of signals starting from the periphery 
of the cell. 
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Hepatitis C virus and hepatocellular carcinoma 
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Summary. Epidemiological, clinical and laboratory data point to a role of 
hepatitis C virus infection in hepatocellular carcinoma. The connection 
appears to be indirect and to be mediated by cirrhosis. Thus, geographical 
differences can be observed, based on the locally prevalent etiological factors 
for cirrhosis. In the end, prospective studies of hepatitis C virus infected 
persons will be needed to elucidate the role of this agent in liver cancer. 

Introduction 

Hepatocellular carcinoma (HCC) is a highly malignant tumor with an 
extremely poor prognosis and an estimated incidence of more than 250,000 
cases per year. Worldwide, patients with cirrhosis are recognized as a 
population at risk for HCC [8]. Nearly all patients with HCC have cirrhosis 
and 30%-40% of cirrhotics are found at autopsy to have HCC. Why HCC 
frequently occurs in patients with cirrhosis is not clear. HCC could be either 
the inevitable consequence of a long-standing hepatic disease or an inde
pendent response to a hepatic insult common to HCC and cirrhosis. 
Epidemiological studies and animal experiments have indicated hepatitis B 
virus (HBV) as the most common etiologic factor for this tumor [1]. 
However, many patients have no HBV markers and many HBV carriers do 
not develop HCC. Chemicals, alcohol, tobacco, sex hormones and metabolic 
diseases have also been recognized as risk factor for developing HCC [2]. 
However, in a great proportion of HBV negative patients, none of these 
factors are present. Epidemiological, experimental and clinical studies 
suggest that hepatitis C virus (HCV), the major agent of blood-borne NANB 
hepatitis may playa role in some cases of HCC. 

Epidemiological studies 

The first piece of evidence connecting HCC with NANB hepatitis is the 
existence ofHCC patients who have no detectable serologic markers ofHBV 
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Table 1. Percent of patients without serum markers for HBV 1ll 

hepatocellular carcinoma 

Reference Year Country Percent of HBV 
seronegative 
patients 

Tabor 1977 Zambia 0 
Beasley 1981 Taiwan 0 
Chen 1986 Taiwan 0 
Yeh 1985 China 2 
Lingao 1981 Philippines 3 
Larouze 1976 Senegal 4 
Tabor 1977 Uganda 11 
Kubo 1977 Japan 19 
Trichopoulos 1978 Greece 20 
Tabor 1978 USA 26 
Buscarini 1987 Italy 51 
Bertrand 1987 France 57 
Dunk 1988 United Kingdom 68 

References are reported in the review by Tabor [18] 
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infection: HBsAg, anti-HBc or anti-HBs [18J. The percentages ofHCC cases 
with no serologic markers for HBV have been reported to go from zero, in 
studies in Zambia and Taiwan, up to 68% in Great Britain (Table 1). In 
Japan, from 1970 to 1988, the incidence of HCC increased by 155% [13]. In 
the same period HBsAg positive patients with HCC decreased from 50% to 
30%, while alcohol abuse remained stable at around 30%. Further investiga
tions revealed that the increased proportion of HBsAg negative patients was 
not due to cryptic HBV infection. In fact, Sakamoto and coworkers [15J, 
who tested for the presence of HBV-DNA in patients with HCC resected 
from 1970 to 1987, report that during this time there was a reduction not only 
in the prevalence of HBsAg positive patients (from 47% to 10%) but also in 
the prevalence ofHBsAg negative patients with integrated HBV-DNA (from 
12% to 4%). 

Case reports 

The second type of evidence connecting HCC with NANB hepatitis is the 
sequential development of cirrhosis and HCC that has been observed in 
patients with post-transfusion NANB hepatitis (reviewed by Tabor [18J). In 
these patients the time-lag between infection and development of HCC 
ranged from 7 to 18 years (Table 2). In 1983, Resnick first described the case 
of a 59 year old female who developed NANB hepatitis 5 weeks after blood 
transfusion and HCC after 7 years. In the case reported by Kiyosawa in 1984, 
5 liver biopsies and the autopsy illustrated the histologic progression from 
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Table 2. Development of hepatocellular carcinoma in 
patients with NANB hepatitis 

Modality of 
Infection 

Transfusional 

Sporadic 

Reference 

Resnik, 1983a 

Kiyosawa, 1984a 

Gilliam, 1984a 

Tremolada, 1990b 

Jenkins, 198 P 
Ayoola, 1982a 

Cohen, 19873 

Time-lag (yr) 

7 
18 
9 

12 

9 
2 
8 

a References are reported in the review by Tabor [18] 
b Reference No 19 

acute NANB viral hepatitis to HCC via chronic persistent hepatitis, chronic 
active hepatitis and cirrhosis over a period of 18 years. In the same year 
Gilliam reported the case of a 63 year old man who developed chronic active 
post-transfusion hepatitis, cirrhosis and HCC over a period of 9 years. In 
1990, Tremolada [19J described a patient with post-transfusion hepatitis 
who developed chronic active hepatitis, active cirrhosis and, after 12 year, 
HCC. Serum samples obtained 5, 29, 144, 166, and 240 months after 
transfusion reacted positively for antibody to HCV (anti-HCV). More 
recently, in a retrospective study of serum anti-HCV in 231 patients with 
post-transfusion hepatitis, Kiyosawa [11 J demonstrated that the mean time
lags between transfusion and development of chronic hepatitis, cirrhosis and 
HCC were 10,21, and 29 years, respectively. Additional evidence that there is 
a connection between NANB hepatitis and HCC was obtained in studies of 
patients with sporadic NANB hepatitis. Jenkins (1981), Ayoola (1982), and 
Chen (1987) reported cases of patients in whom HCC developed 9, 2, and 8 
years after sporadic NANB infection, respectively (reviewed by Tabor [18J). 

Experimental studies 

Linke et al. [12J described the case of a chimpanzee, that developed chronic 
NANB hepatitis and HCC after experimental infection with human plasma, 
after a time-lag of 7 years. Chronic hepatitis was documented by inter
mittently elevated serum levels of transaminases and by repeated liver 
biopsies. A peculiar finding of this study was the absence of cirrhosis in the 
non-neoplastic liver tissue. The persistence of the NANB agent in the liver 
was documented by transmission of hepatitis to another chimpanzee by 
infectious homogenates from neoplastic and non-neoplastic liver tissue. 
Infection with HBV or hepatitis D virus was excluded by testing liver 
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samples for HBV-DNA and HDV-RNA by molecular biology techniques 
(Southern blot, northern blot, dot blot). 

Serological studies 

The development of a commercial assay for serum antibodies to HCV made 
it possible to retrospectively investigate the role of HCV in the pathogenesis 
of HCC. Anti-HCV was demonstrated in a high proportion of patients with 
HCC worldwide (Table 3) [3-7, 10, 14, 16, 17,20,21]. In Europe there was 
a disproportionately higher prevalence of anti-HCV in patients with HCC 
superimposed on cirrhosis of different etiology than in comparable patients 
without HCC. In South Africa HCC is common in rural male blacks 
chronically infected with HBV and, in patients with HCC, anti-HCV is found 
more frequently in urban females older than 45 years. The pathogenetic 
importance of these studies according to current opinion is that in many of 
these patients anti-HCV is a marker for ongoing HCV infection. The finding 
of HCV-RNA in the tumor tissue of some patients with HCC further 
established a strong link between chronic HCV infection and neoplastic 
transformation [9]. It is unlikely that HCV plays a direct role in carcino
genesis, since no reverse transcriptase activity has been found in infected 
livers (M. Houghton, personal communication). Instead, HCV may be 
pathogenetic because it is an important cause of cirrhosis, which is the most 
relevant single factor for HCC [8]. 

Table 3. Prevalence of antibody to HCV in patients with hepatocellular carcinoma 

Author Country No. of Positive Associated factors 
patients anti-HCV to anti-HCV positivity 

No (%) 

Bruix [3J Spain 96 72 (75) Alcoholic cirrhosis 
Colombo [4J Italy 132 86 (65) anti HBc 
Simonetti [17J Italy 200 152 (76) Cirrhosis 
Sbolli [16J Italy 78 46 (59) HBsAg negative 
Ducreux [6J France 74 21 (28) HBV markers 
Vargas [20J Spain 81 44 (54) 
Kew [10J S. Africa 380 110 (29) Female sex, age, urban resident 
Dazza [5J Mozambique 189 69 (37) 
Yu [21J USA 51 15 (29) 
Hasan [7J USA 87 35 (40) 
Saito [14J Japan 253 138 (55) HBsAg negative 
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Conclusions 

Epidemiological, clinical and experimental studies support a pathogenetic 
linkage between HeV and Hee. This linkage is not a direct one, but is 
probably mediated by cirrhosis. In support of this evidence, in areas like 
Southern Europe, where HeV infection is an important cause of cirrhosis, 
the linkage between HeV and Hee is stronger than in areas of the world in 
which alcohol (France) and HBV (South Africa) are the main etiologic 
factors for cirrhosis. Only prospective studies of patients infected by HeV 
will be able to confirm the role of HeV in the pathogenesis of Hee. 
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Summary. In 12 of 54 (22%) patients with histologically verified hepatocellu
lar carcinoma, antibodies to hepatitis C virus were found. In patients with 
hepatocellular carcinoma the frequency of anti-hepatitis C virus positivity 
was similar whether cirrhosis (6 of22 patients (27%)) was present or not (2 of 
15 (13%)). Out of 54,23 patients (43%) were negative both for hepatitis B or 
C markers. Out of 53,22 (42%) had positive hepatitis B markers, 8 of22 were 
HBsAg positive. Patients with hepatocellular carcinoma and cirrhosis had a 
higher percentage of hepatitis B virus markers than patients with cirrhosis 
without hepatocellular carcinoma. Out of 70 patients with cirrhosis but 
without hepatocellular carcinoma, 24 (34%) had antibodies to hepatitis C 
virus. Our data of similar frequencies of antibodies to hepatitis C virus in 
patients with hepatocellular carcinoma or with liver cirrhosis but without 
hepatocellular carcinoma indicate that at least in Austrian patients, hepatitis 
C virus infections are not an important factor for development of hepato
cellular carcinoma. 

* 
The etiology of hepatocellular carcinoma (HCC) is still unknown. Among the 
recognized factors associated with the development of HCC are chronic 
hepatitis B-virus (HBV) infection [1], cirrhosis [7] and alcohol abuse [13]. 

Since the development of an assay to detect antibodies against the 
hepatitis C virus (HCV) several authors have tested sera of patients with 
HCC to define the role of this virus in development of HCC. Recently, 
Kiyosawa [10] reported 21 cases of posttransfusion hepatitis with docu
mented transition to chronic hepatitis C and finally to HCC. All patients 
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were positive for anti-HCV at the time of diagnosis of HCC and in previous 
serial samples. In areas with a high incidence of chronic hepatitis B-virus 
(HBV) infections such as in South African blacks [9J the prevalence of anti
HCV in HCC was 29%. In contrast, in regions with intermediate high HBV 
incidence such as Italy [14J and Spain [2J a high percentage of antibodies to 
HCV was detected in patients with HCC (61 to 75%). In countries with even 
lower HBsAg carrier rate such as France, only 28% HCV positivity was 
found in HCC [6]. Austria has a low hepatitis B virus carrier rate and alcohol 
abuse accounts for most of the cases of cirrhosis. Alcohol intake itself seems 
to be a major risk factor for development of HCC, since chronic HBV 
infection occurs in only 7% to 19% of the patients with HCC [7, 16]. 

In this study the role of HCV infection in Austrian patients with HCC 
was investigated by testing their sera for anti-HCV. 

Methods 

Freshly obtained sera from 54 patients with histologically confirmed HCC (male n = 41, 
female n = 13; median age 59 a, range 15-81 a) and from 70 patients with cirrhosis without 
HCC (male n = 43, female n = 27; mean age 55 a) were tested for antibodies to HCV by 
ELISA (Ortho, Ortho Diagnostic Systems Inc., Raritan, NJ, USA). 

Additionally, all sera were tested for HBsAg, anii-HBs, anti-HBc by ELISA (Organon, 
Organon Technika, Boxtel, Netherlands). Only one patient with HCC was not tested for 
HBV markers. 

Of the patients with HCC, 22 had unequivocal liver cirrhosis proven at autopsy, 
laparotomy or by liver biopsy. The etiologies of liver cirrhosis were alcoholic: 10, 
posthepatitic: 7, hemochromatosis: 1, cryptogenic: 4. Alcoholic cirrhosis was defined if there 
was a documented history of alcohol abuse (more than 80 g ethanol/day for at least 5 years). 
In 15 patients no cirrhosis was present. In 16 patients mostly with history of chronic liver 
disease no information on the liver was available ("possible cirrhosis"). 

The etiology of cirrhosis in the patients without HCC was: alcoholic: 33, posthepatitic: 
23, cryptogenic: 12, primary biliary: 2. 

Results 

In 12 (male n = 8, female n =4) of 54 patients (22%) with HCC antibodies to 
HCV were detected and 22 (42%) patients had positive markers for HBV 
infection (see Table 1). Four patients were positive both for anti-HCV and 
HBV markers. The frequency of HCV markers did not differ whether liver 
cirrhosis was present or not (see Table 2). In the 70 patients with liver 
cirrhosis without HCC 24 (34%) had positive HCV antibodies and 15 (21 %) 
had markers of HBV infection (see Table 1). The percentage of positive HBV 
markers in patients with HCC and cirrhosis was higher (45%) than in 
patients with liver cirrhosis without H CC (21 %) (p = 0.05). This was mainly 
due to a higher percentage of positive HBsAg in patients with HCC (23%) 
than in patients with cirrhosis only (7%). 
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Table 1. Frequencies of positive anti-HCV and HBV markers in 
patients with HCC and with cirrhosis without HCC (first number 

represents n = cases, percentage in brackets) 

HCC Cirrhosis 
n=54 n=70 

----------

Anti-HCV + 12 (22) 24 (34) 

HBV + (any marker) 22 (41) 15 (21) 
HBsAg+ 8 5 
HBsAg- /anti-HBs + /anti-HBc+ 8 1 
HBsAg - /anti-HBs + or anti-HBc + 6 9 

Table 2. Frequencies of positive anti-HCV and HBV markers in patients with 
HCC in relation to the presence or absence of cirrhosis (first number represents 

n = cases, percentage in brackets) 

Underlying liver disease 

Anti-HCV + 

HBV + (any marker) 
HBsAg+ 
HBsAg - /anti-HBs + /anti-HBc + 
HBsAg-/anti-HBs+ or anti-HBc+ 

Cirrhosis 
n=22 

6 (27) 

10 (45) 
5 
3 
2 

a Histology of non tumorous liver unknown 
b One patient was not tested for HBV -markers 

Discussion 

Possible No 
cirrhosis 
n= 17a 

4 (24) 

5 (29)b 
1 
1 
3 

cirrhosis 
n= 15 

2 (13) 

7 (47) 
2 
4 

In 22% of Austrian patients with HCC, antibodies to HCY were detected. 
This frequency of HCY antibodies was similar to that in a group of patients 
with cirrhosis without HCC. The observed frequency of anti-HCY in 
patients with HCC is similar that from South Africa [9J and France [6J, but 
is considerably lower than in patients from Italy [3, 14, 15J, Spain [2J or 
Senegal [11]. Several causes may account for these diverging results: 

First, heterogenous HCY RNA sequences have been detected in various 
parts of the world. The French and the American HCY isolate only differed 
by 3.5% while the Japanese isolate showed a 21 % discordance [12]. RNA 
sequences may vary in their oncogenic potency and may explain the 
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Table 3. Comparison of anti-HCY positivity in chronic liver disease and 
in HCC 

Country 

Japan 
France 
Italy 
Mozambique 
Austria 

Author (Reference) Anti-HCY + in 
chronic liver 
disease (%) 

Kiyosawa 
Ducreux 
Chiaramonte 
Dazza 
Baur 

(10) 
(6) 
(3) 
(5) 

86 
20 
61 
52 
34 

Anti-HCY + 
in HCC (%) 

94 
28 
60 
37 
22 

79 

inconsistent data on the frequency of HCY infection in patients with HCC 
throughout the world. 

Second, the technique of HCY antibody testing is subject to false positive 
results. There may be interference with raised serum globulin concentrations 
[8]. Furthermore in long-term frozen sera, repeated thawing may be 
associated with false positive test results. Therefore in this study only fresh 
sera were used. 

Third, selection of cases with HCC could influence the results on the 
incidence of anti-HCY positivity in HCC. If the patients studied have 
predominantly posthepatitic or cryptogenic liver cirrhosis anti-HCY positiv
ity will be higher than in a group with a high percentage of alcoholic 
cirrhosis. Kiyosawa [10J tested only patients with posttransfusion nonA 
nonB hepatitis. Most authors tested consecutive patients with HCC, but the 
reasons for admissions to referral centers are unknown. 

Fourth, it seems reasonable that in some countries a high incidence of 
anti-HCY positivity in patients with chronic liver diseases results also in a 
high frequency of HCY antibodies in patients with HCC (see Table 3). Only 
Bruix [2J found significantly higher anti-HCY positivity in HCC (75%) than 
in liver cirrhosis (56%). Thus, the differing frequency of HCY antibodies in 
HCC may simply reflect the varying importance of HCY infections for 
development of chronic liver disease in various areas of the world. Our data 
of similar frequencies of antibodies to HCY in patients with HCC or with 
liver cirrhosis without HCC indicate that, at least in Austrian patients HCY 
infections are not an important factor for development of HCC. In Austria 
the most obvious factor associated with HCC is the presence of cirrhosis, 
irrespective of its etiology. 
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Summary. Variations in the course of disease caused by hepatitis B virus may 
often be attributed to genomic variants of the virus. It must be kept in mind, 
however, that other factors, i.e. immunocompetence of the host and new 
methods of detection such as peR, may also result in apparently aberrant 
phenotypic expression. Examples of both situations are presented here and 
the need is stressed for combined virological, biochemical and clinical 
studies. 

* 
Many observations suggest the presence of hepatitis B virus (HBV) variants: 
detection of virus markers in unexpected circumstances, a peculiar patho
genicity or an altered response to therapy. However, factors other than 
genomic variations may explain some of the aberrant phenotypic expressions 
ofHBV infection. Presence ofHBsAg without anti-HBc can be due to lack of 
an anti-HBc immune response in immunocompromised hosts. Immuno
suppression can be inherited as a genetic condition or induced by the" 
infection of Human Immunodeficiency Virus (HIV). Detection of HBV
DNA in the absence of conventional markers of HBV is frequent using the 
new technique of polymerase chain reaction (peR). peR has brought the 
sensitivity of HBV-DNA detection from more than 500,000 genomes/ml 
down to a few genomes/ml. As a consequence we have to adapt to viruses the 
same diagnostic criteria used for bacteria. Both groups of agents can be 
amplified by peR or culture before being analyzed, therefore detection of 
minute quantities of their nucleic acid does not bear a pathogenetic 
significance. Therefore, we need to define the number of HBVs (per ml of 
serum or per cell) which are clinically relevant. Finally, cross reactivities of 
monoclonal anti-HBs antibodies with host proteins can be mistaken as 
evidence for the existence of candidate HBV variants in individuals, with 
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detectable HBsAg, but without other virus markers. Surgence of variant is 
warranted by conditions of selective pressure. Genetic heterogeneity may be 
an important element of pathogenesis providing a means to evade the host's 
immune response [1]. A mutant virus offering an altered target to the 
immunocytes may escape virus elimination more efficiently than wild virus 
[1]. Therefore, the host's immune response represents a major factor of 
selective pressure. Another condition favoring the emergence of new HBV 
variants is vaccination and one important piece of evidence of this has been 
recently presented [2]. Prevalence of a variant depends on the frequency with 
which it arises, on competitive growth with wildtype virus and infectivity. 
Identification of a variant requires cloning and sequencing of viral nucleic 
acid and a precise definition of the genomic variation which causes the 
phenotypic alteration. One example of a variant with important clinical 
implications is provided by HBV that lacks the capacity to release Hepatitis 
B e antigen (HBeAg minus) [3-9]. This variant prevails in patients with a 
peculiar, severe form of hepatitis B. In view of this, one may expect that 
cloning and sequencing of viral nucleic acid is necessary for diagnosis of 
Hepatitis B caused by HBeAg minus HBV. Recent data obtained using an 
oligonucleotide hybridization assay suggest that the virus population is 
frequently heterogenous (with both wild and HBeAg minus HBVs), but the 
prevalent virus determines the phenotype of hepatitis B (detection of HBeAg 
or anti-HBe). Presence of serum HBeAg identifies patients with classical 
chronic hepatitis B who show a yearly rate of 10-20% spontaneous 
seroconversion and a persistent response to IFN in the majority of cases 
(60-70% in immunocompetent individuals). In contrast, anti-HBe positive 
chronic hepatitis B has the propensity to a rapid transition to cirrhosis. 

These patients have a widely fluctuating viremia, lower than that of 
HBeAg carriers (usually less than 20 pg of HBV genome equivalent per ml), 
intrahepatic HBcAg and low titres of IgM anti-HBc in serum. Therefore, 
a correct diagnosis of the two forms of chronic hepatitis B can only be posed 
on the basis of clinical, biochemical and virological features. 
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Summary. Using PCR we have examined the sequence of the pre-C/C region 
of HBV from sera of anti-HBe positive, chronically HBV -infected patients. 
The large majority of sera tested contained a mixture of heterogeneous pre-C 
sequences with 1-3 non-randomly located point mutations. Some of the 
resultant variant viruses are incapable of synthesizing immunogenic proteins 
and may be involved in viral persistence in chronic carrier states. 

* 
Hepatitis B e antigen (HBeAg) is encoded by the pre-core/core (C) open 
reading frame of HBV, starting from the first A TG located upstream from 
the pre-C region. This protein is synthesized as a precursor which, after 
proteolytic processing at the amino and carboxy terminus, is secreted into 
the bloodstream [6, 4]. 

In chronic HBV infection, the development of anti-HBeAg reactivity is 
generally associated with the clearance of serum HBV DNA. Some patients, 
however, show persistence of serum HBV DNA, despite the seroconversion 
to anti-HBe [1]. A translational stop codon at the 3' end of pre-C, 
predictably preventing HBeAg synthesis, was reported to occur in HBV 
isolated from HBeAg negative-HBV DNA positive patients [2, 3, 5]. A 
nucleotide substitution at position 1899 was also observed in isolates from 
several patients, but the functional implications of this mutation are still 
undefined. 

The mode of HBV replication, involving reverse transcription of an RNA 
intermediate, may explain the accumulation of point mutations in the course 
of chronic infection. However, the high frequency of mutations specifically 
located in the last two codons of the pre-C region suggests that either this 
region is a hot spot for mutations, or that mutations in this region represent 
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an advantage for viral persistence, and are thus selected during viral 
replication. 

In order to analyze this point, we studied the nucleotide sequence 
of the pre-C/C region of HBV from the sera of anti-HBe, HBV DNA 
positive patients by the use of polymerase chain reaction (PCR). The 
primers used were located upstream of the pre-C start codon 
(5'-AGGAGTTGGGGGAGGAGATT-3') and downstream from the C stop 
codon (5'-CTAACATTGAGATTCCCGAGA-3'). In order to analyze also 
the HBV genomes represented at low frequency, we chose the strategy of 
cloning the amplified DNA, since the alternative method, consisting of direct 
sequencing of the PCR products, only allows the detection of the prevalent 
molecular species. 

The nucleotide sequence of the pre-C segment from 25 individual clones 
isolated from 11 patients demonstrated a high rate of point mutations 
(Table 1). Base substitutions were observed at 11 different sites, and different 
mutations were also detected in HBV clones isolated from the same subject. 
Indeed, only in two patients we did not find a mixture of variants, whereas 
most of the sera (80%) contained heterogeneous pre-C sequences with 1 to 3 
different point mutations. 

Several of the mutations were either silent or led to single amino acid 
substitutions (Table 1). These mutations were represented at low frequency, 
with the exception of the already reported G-A substitution at position 1899 
that was observed in 15 isolates from 8 patients. Among the mutations likely 
to have functional transcriptional consequences, we observed a T-C substitu
tion at position 1836 eliminating the stop codon of the X gene, and a G 

Table 1. Point mutations in the pre-C region from anti HBe, HBV DNA 
positive chronic carriers 

Mutation Location Consequences No. of clones (%) 
(patients) 

T=C" 1815 pre-C initiation failure 2 (1) 8 

T=G 1821 Leu=Arg 1 (1) 4 

T=C 1822 silent 1 (1) 4 

A=C 1827 His=Pro 1 (1) 4 

T=C 1836 {Leu=Pro 1 (1) 4 
{X termination failure 

A=G 1838 Ile=Val 1 (1) 4 

T=A 1839 Ile=Asp 2 (1) 8 

C=A 1843 silent 1 (1) 4 

T=A 1895 Trp=Arg 1 (1) 4 
G=Aa 1896 STOP 18 (11) 72 

G=A 1899 Gly=Asp 15 (8) 60 
LiGa 1899 frameshift 1 (1) 4 

a Mutations preventing HBeAg synthesis 
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deletion at nucleotide 1899, generating a frameshift and a stop codon at 
codon 71. At least one clone isolated from each patient contained a mutation 
predictably preventing HBeAg synthesis. The G-A substitution generating 
a translational stop codon at position 1896 was detected in 18 clones. A 
second substitution predictably impairing HBeAg synthesis was observed in 
two clones isolated from the same serum. This mutation consisted of a T-C 
substitution at position 1815, eliminating the pre-C start codon. 

The distribution of the mutations appeared to be non-random: in fact, 
they clustered in the first 10 and in the last 2 codons of the pre-C. This might 
indicate that either some sequences in the pre-C region are more prone to 
spontaneous mutations, or that mutations in the central region of the pre-C 
interfere with virus formation and, therefore, are not selected in the course of 
viral replication. 

As a whole, these results are consistent with a high variability of pre-C 
sequence. However, the point mutations are not randomly located, and they 
differ in frequency; indeed, silent mutations are often associated with those 
preventing HBeAg synthesis, which are the most frequent. Since HBeAg is a 
major target for the immune system, the lack of HBeAg synthesis probably 
represents a selective advantage for viral persistence. Therefore, these results 
suggest that the mutants capable of avoiding the host immune system are 
clonally selected during chronic HBV infection. 

Besides the ones involving the pre-C sequence, other mutations might 
playa role in the process of viral persistence in chronic carriers. We have 
recently observed the existence of a mixed HBV infection in a chronic carrier 
who seroconverted to anti-HBe. PCR with primers located in the C region 
allowed detection of a double amplification product in all the serum samples 
collected over a 1 year period, both before and after seroconversion to anti
HBe. Nucleotide sequence analysis showed the association of a wild-type 
HBV genome with a defective virus. The latter had a 37 bp deletion 
generating a stop codon in the C region. Moreover, a point mutation 
generated a stop codon in the pre-S1, and a 15 bp deletion involved the pre
S2 ATG. 

These mutations predictably impair the synthesis of both core and pre-S 
proteins, leading to the hypothesis that this defective viral genome is 
incapable of autonomous replication and is probably enabled to propagate 
by the presence of the wild-type isolate, acting as a helper. In addition, this 
kind of defective viral genome, incapable of synthesizing immunogenic 
proteins such as core and pre-S, might be involved in viral persistence in 
HBV chronic carriers. 
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Summary. Transient expression in a hepatoma cell line of an HBV variant 
with a defective pre-C region suggested its ability to undergo full replication 
cycles except for the lack of HBeAg synthesis. 

* 
A hepatitis B virus (HBV) variant with mutated pre-C region has recently 
been detected in a subset of hepatitis B patients with anti-HBe antibody. The 
most prevalent mutation type observed is a TAG stop codon in the distal 
pre-C region with or without concomitant G to A transition in the 
succeeding GGC codon [1-5]. At present it is not known whether, in a 
manner similar to the related duck hepatitis B virus [6, 7J, the naturally 
occurring HBV variants are replication competent but unable to synthesize 
HBeAg. To test this possibility, in the present study we have transfected 
a cloned HBV variant into Hep G2 cells. The pre-C variant HBV -oj was 
cloned from serum of an anti-HBe patient into the SphI site of the pUC18 
vector [4]. The complete 3182 nucleotide sequence of this HBV variant has 
been determined, revealing a TAG stop codon in the distal pre-C region and 
another G to A transition in the succeeding GGC codon [4]. For the 
transfection experiments a plasmid-integrated HBV tandem oligomer was 
constructed. The transfection procedure was performed essentially as de
scribed previously [8]. A wild type (WT) HBV [9J cloned into the EcoRI site 
of pBR322 as tandem trimer was also transfected to HepG2 cells as control. 

We first sought evidence of HBV DNA replication in cells transfected 
with HBV-cd. Virus particles were pelleted from culture medium, and 
resuspended in TEN/CsCl. After centrifugation at 40,000 rpm for 65 hr, 
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gradient was collected from the top into 13 fractions. Samples were treated 
with proteinase K, and DNA was extracted and electrophoresed through a 
1 % agarose gel. After Southern transfer, samples were hybridized with a 32p 

labeled HBV probe. As shown in Fig. 1, hybridization signals peaked at 
fractions 7 and 10, with buoyant densities similar to those of Dane and core 
particles found in hepatitis B patients or produced by hepatocytes infected in 
vitro [10]. Fraction 7 had a 4 kb relaxed circular HBV DNA followed by a 
smear suggestive of varying length of the short strand; while fraction 10 had 
predominantly low molecular weight DNA indicating single stranded repli
cative DNA. These results suggest the formation of Dane and immature core 
particles following transfection of the pre-C region defective HBV variant. 
Moreover, we have also pelleted virus from culture medium, performed 
endogenous polymerase reaction with the incorporation of 32p dCTP. 
Electrophoresis of the product in agarose gel followed by autoradiography 
revealed 4.0 and 3.2 kb bands corresponding to repaired full-length HBV 
DNA (data not shown). 

Secondly, transcription of viral RNAs was analyzed from cells transfected 
with variant and with wild type HBV. RNA was extracted by guanidium 
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Fig. 1. Hybridization with HBV probe of CsCl gradient fractions of culture supernatant of 
HBV-cd transfected HepG2 cells. Top: buoyant densities; Bottom: autoradiography of 
fractions 5- 13 (left to right) and control linear HBV DNA (H). Fractions 7 and 10 show 
density values and hybridization patterns typical of Dane and core particles, respectively 
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cyanate [8J, electrophoresed through a 1.5% agarose gel, transferred to 
a nitrocellulose filter, and hybridized with an HBV probe. Major viral 
transcripts of 3.5 and 2.4 kb were observed (Fig. 2), which represent the 
pregenomic RNA and messenger for HBsAg, respectively. The RNA patterns 
were indistinguishable between cells receiving HBV-cd and WT HBV. 

Finally, we studied HBV protein expression and secretion by transfected 
cells. High titres ofHBsAg (PIN more than 100) and HBcAg (PIN more than 
50) could be detected in the culture medium, which peaked at day 5 post
transfection. To ascertain whether an HBV variant with a defective pre-C 
region could express HBeAg, Western blotting was carried out. Culture 
medium was subjected to ultracentrifugation and divided into supernatant 
and pellet fractions. HBcAg or HBeAg in the supernatant fraction was 
immunoprecipitated by rabbit polyc1onal anti-HBc conjugated to protein A
sepharose. After electrophoresis and transfer, the blot was reacted with anti
HBc followed by 1251 labeled protein A. The results are shown in Fig. 3. The 
pellet fraction of WT culture medium contained an HBcAg band and a weak 
HBeAg band (lane 3), while its supernatant fraction had a single band of 
HBeAg (lane 5). In contrast, only the HBcAg band was found in the pellet 
fraction of HBV -IXI medium (lane 2), and its supernatant fraction did not 
show any recognizable HBc/eAg band (lane 4). In the cell lysate only the 
HBcAg band was detected, for both HBV-IXI and WT transfected cells 
(lanes 6, 7). Thus, the WT HBV produced HBeAg and secreted most of it into 
the culture medium, while HBV -cd neither produced nor secreted HBeAg. 

In summary, our results demonstrate that the pre-C region mutated HBV 
variant showed all markers of virus replication indistinguishable from those 

1 2 

3.2-

1.5-

Fig. 2. Northern hybridization of cellular DNA of HepG2 
cells transfected with HBV -cd (lane 1) or wild type HBV 
(lane 2). Molecular size markers (in kb) are shown to the left 

of the gel 
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Fig. 3. Western blot analysis of the expression of HBcAg and HBeAg by HBV variant and 
WT HBV. 1 recombinant HBcAg; 2 pellet of HBV -od transfected cells; 3 pellet of WT HBV 
transfected cells; 4 supernatant of HBV -at transfected cells; 5 supernatant of WT HBV 
transfected cells; 6 lysate of HBV -a t transfected cells; 7 lysate of WT HBV transfected cells. 
Molecular sizes (in kd) are shown to the left of the gel, and positions of HBcAg and HBeAg 

are indicated to the right of the gel 

produced by the wild type HBV, except that it was unable to synthesize the 
conventional 17 kd HBeAg. These results are consistent with similar conclu
sions drawn from mutational studies of duck hepatitis B virus [6, 7J, and 
suggest the infectivity of serum containing such HBV variants. 
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Lack of pre-C region mutation in woodchuck hepatitis virus from 

seroconverted woodchucks 

S. P. Tong, L. Vitvitski, J. S. Li, C. Pichoud, and C. Trepo 

INSERM 0.271, Lyon, France 

Summary. Woodchuck hepatitis virus, which shares a large degree of 
homology with human HBV, was examined for indications of mutational 
variants. No alteration in the pre-C region was found, but as in HBV, viral 
DNA could still be detected by PCR after seroconversion to anti-WHe. 

* 
A hepatitis B virus (HBV) variant with a nonsense mutation in the pre-C 
region has been detected in some chronic hepatitis B patients with anti-HBe. 
In the present study we have searched in seroconverted woodchucks for 
possible mutations in the pre-C region of woodchuck hepatitis virus (WHV), 
which shares a high degree of sequence homology with HBV, especially in the 
distal pre-C region where the nonsense mutation occurs in HBV [1]. Sera 
from 8 woodchucks (1 WHeAg positive, 4 anti-WHe positive, 3 negative for 
both WHeAg and anti-WHe) were studied. DNA was extracted, and the pre
C region sequences were amplified by PCR. A DNA band of expected size 
was amplified from 5/7 of WHeAg negative sera, albeit in amounts much 
lower than in the WHeAg positive serum. Direct sequencing of PCR 
products did not reveal any major alterations in the pre-C region of any of 
the samples, although there were 2 nucleotide differences among the samples 
suggesting infection of different animals by different viral strains. These 
preliminary results suggest that: 1. As in the human HBV infection [2J small 
amounts of viral DNA are still detectable by PCR in seroconverted 
woodchucks. 2. At least in most woodchucks there is no mutation in the pre
C region following seroconversion. This might be due to the simultaneous 
seroconversion in the WHY model to both anti-WHe and anti-WHs, which 
would explain why the mutation in the pre-C region alone does not result in 
the emergence of escape mutants. 
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Clinical significance of the polymerase chain reaction (PCR) assay in 

chronic "BV carriers 
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Summary. PCR was evaluated as a clinical tool for use in accurate 
identification of the specific etiologic agent in chronic HBV carriers. The 
method was found to be valuable in diagnosis and for monitoring therapy, as 
well as for elucidation of genotypic variants of HBV in chronic HBV cases. 
By this means an HBV defective variant with alterations in the preS1/preS2 
sequence was detected and is consequently described here. 

Introduction 

Chronic HBV infection leads to distinct clinical outcomes varying from an 
asymptomatic HBsAg carrier state without HBV replication and normal 
liver function to symptomatic and progressive liver disease with high viremia 
and poor liver function [5]. Epidemiologic evidence supports a close 
relationship between chronic persistent HBV infection, liver cirrhosis, and 
the development of primary hepatocellular carcinoma [1]. Recently, in vitro 
amplification of HBV-DNA by means of the polymerase chain reaction 
(PCR) has become available [7]. The aim of our study was to analyze the 
clinical value of PCR to detect more accurately serum HBV-DNA in 
different groups of chronic HBV carriers. Furthermore, we report the 
discovery of a defective form of HBV in an HBsAg positive patient with liver 
cancer. 
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Patients and methods 

Blood samples were obtained from patients with HBeAg positive (n = 20), anti-HBe positive 
patients with chronic hepatitis B (n = 10) and long-term asymptomatic HBsAg carriers with 
normal serum transaminases (n = 42). Assay of HBV -DNA by PCR was performed as 
described in detail elsewhere [4]. Furthermore, a 40 year old male of South-East Asian 
origin with a five year history of chronic hepatitis B before the diagnosis of primary 
hepatocellular carcinoma, was studied. Immunological characterization was performed 
using preS-specific monoclonal antibodies as described in detail elsewhere [2,6]. Using the 
PCR assay the presence of deleted HBV-DNA sequences was studied [3]. The PCR product 
was subsequently cloned and sequenced using the dideoxy extension method (Sequenase 
Kit, US Biochemicals, Cleveland, USA). 

Results 

Assessment of the peR assay 

HBV-DNA was detectable in the serum of HBsAg positive HBV carriers 
using aliquots as small as 100 attoliter. The detection limit for cloned HBV
DNA was 100 attogram. Primer pairs from different regions of the amplified 
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Fig. 1. Semiquantitation of PCR products using densitometry. Standardized cloned HBV
DNA, 10 ng (1),100 pg (2), 1 pg (3),100 fg (4),1 fg (5),100 ag (6), 1 ag (7); natural HBV-DNA 
from serum samples before (8) and after (9) interferon treatment. M reference molecular 
weight marker; A ethidium bromide staining; B Southern blot; C densitometric pattern 
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HBV genome resulted in different sensitivity. The detection of the amplified 
HBV-DNA by Southern blotting and subsequent scintillation counting or 
densitometry allowed a semi-quantitative assay (Fig. 1). 

Clinical evaluation of the PCR assay 

Using several primer pairs in parallel for optimal detection, all HBeAg 
positive HBsAg carriers, 80% of the anti-HBe positive symptomatic HBsAg 
carriers, and 57% of the asymptomatic anti-HBe positive HBsAg carriers 
were found to have HBV-DNA in the serum. 

During anti-viral therapy HBV-DNA disappeared in the PCR assay in 
patients who became HBe negative but PCR detected a relapse earlier than 
did the conventional dot blot. PreS antigens were assayed in serum and liver 
samples of most chronic carriers. While most viremic carriers were strongly 
positive for preS1 and preS2 antigen, some HBV-DNA positive HBsAg 
carriers did not have detectable preS antigen and vice versa. 

Characterization of a defective hepatitis B virus 

Using PCR, the presence of deleted HBV forms was observed in serum, 
PBMC and liver tissue in an HBsAg and anti-HBeAg positive patient with 
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Fig. 2. Defective HBV-DNA observed after PCR analysis with preS primers and sub
sequent Southern blot using preS specific oligonucleotide probe. Negative control: PCR mix 
without template DNA. Positive control: 100 ng DNA extracted from HBsAg positive liver 
tumor tissue; 1 DNA extracted from serum, 2 DNA extracted from PBMC, 3 liver derived 
DNA, 4 normal viral particles, 5 defective viral particles, EB ethidium bromide staining 
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Fig. 3. Immunological and genetic characterization of a defective HBV with rearrange
ments in the preS gene sequence. Hep-R-HBV preS! binding site of HBV to liver 

membranes; pHSA preS2 binding site of HBV for polymerized human serum albumin 

liver cancer (Fig. 2). After cloning and sequencing, the genetic rearrange
ments of the preS region could be shown in different clones derived from the 
same patient. However, in 9/ 12 clones a 183 bp in-frame-deletion was 
recorded in the preSl region (2995- 3177) (Fig. 3). Using monoclonal anti
preS antibodies, immunological mapping showed a loss of preS epitopes 
located at the 3'-part of the preSl and the 5'-part ofpreS2. Moreover, PBMC 
were also tested and only PCR alone showed the major form of defective 
HBV with preSl 183 bp deletion. 

Conclusion 

From the clinical point of view, the PCR assay is not only valuable as a new 
diagnostic tool and for monitoring therapeutic trials, but may be also of 
great significance for the elucidation of genetic variability of HBV in the 
chronic HBV carrier state, including HBV related hepatocellular carcinoma. 
Thus, we were able to observe a HBV defective variant with marked 
rearrangements in the preS1/preS2 coding sequence. Deletions and inser
tions could potentially lead to an impairment in the immune clearance of the 
virus by retaining a major hepatocyte binding site. Generation of such 
defective viruses during the course of HBV infection might therefore be an 
important factor in the persistence of an HBV chronic carrier state with 
development of hepatocellular carcinoma as an endstage complication. 
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Summary. The diagnostic value of preS antigens and anti-preS antibodies 
during Hepatitis B virus (HBV) infections have not yet been clearly 
elucidated. Therefore, the objectives of this study were: 1) to better under
stand the clinical significance of the expression of both preS 1 and preS2 
antigens (preS1Ag and preS2Ag) in the serum of chronic HBsAg carriers, 
and 2) to define the respective role of antibody responses to HBs-, preS2-
and preS1-specific determinants in the course of acute hepatitis B (AH-B) 
infections with different outcomes. 

Our data showed that the serum preS1Ag/HBsAg ratio correlated well 
with the level of viral replication (serum HBV-DNA as monitored by peR 
assay and liver HBcAg), especially in anti-HBe positive chronic carriers. The 
complete eradication of virions required a persistent antibody response to 
conformation-dependent HBs-epitopes, temporally associated with a vigor
ous T cell response to nucleocapsid antigens. Recovery from hepatitis B can 
be achieved when there is no early antibody response to preS2- and preS1-
proteins, which was found to be transient, concomitant with a flare-up of the 
liver disease, and preceding anti-HBs production. 

Information on the patterns of preS antigens and their antibodies 
remained clouded because of the varying specificities and sensitivities of 
research methods used in studies to date. We have, therefore, developed 
original Polyclonal-Monoclonal RadioImmunoAssays (PAb-MAb RIAs) 
[5, 8J by using monoclonal antibodies (MAbs) having previously well
defined specificities [3,4,5, 7]. We could thus detect and quantify simultan
eously the three distinct antigenicities of the HBV envelope, HBsAg, preS2Ag 
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and preS1Ag, with the same sensitivity. In this way, the preS1Ag/HBsAg and 
preS2Ag/HBsAg ratios can be calculated to estimate the serum expression of 
both preS1Ag and preS2Ag in relation to total HBsAg activity during 
different stages of chronic HBV infection. For optimal management of the 
state of HBV replication in chronic viral infection, the detection of HBV
DNA in serum was monitored by the Polymerase Chain Reaction (PCR) 
assay [1]. 

We extended our work by investigating the clinical significance of 
antibody response to preS-specific determinants in patients with AH-B 
showing different outcomes in both natural course or response to (X

interferon therapy. In a first attempt, we chose to use the Western Immuno
Blotting Assay (WIBA) to obtain a qualitative assessment of the nature of 
preS antibody responses [6]. Finally, the cell-mediated immune response to 
HBV antigens was also studied in several patients with self-limited AH-B [2J 
leading to a relevant finding which may help to clarify the mechanisms 
responsible for complete clearance of HBV. 

PreS antigen expression in serum during chronic HBV infection: correlation 
with liver HBcAg and serum HBV-DNA detection by peR 

For studying the serum expression of preSAgs on circulating HBV /HBsAg 
particles during chronic HBV infection, we selected 39 HBsAg carriers 
belonging to three relevant groups, as shown in Fig. 1A. Nineteen patients 
were referred for chronic liver disease (CLD): 11 had HBeAg (group 1) and 8 
had anti-HBe (group 2). Twenty patients (all with anti-HBe) were referred as 
healthy carriers (HCs) (group 3). All patients studied were found to be 
negative for antibodies to hepatitis delta virus. Liver biopsies were performed 
because they were clinically indicated in all patients with high serum ALT 
levels and persistent HBs antigenemia for at least 6 months (groups 1 and 2). 
For the detection of HBsAg, preS2Ag or preS1Ag in serum samples, the 
PAb-MAb RIAs were used, as described in detail elsewhere [8]. Briefly, 
polystyrene beads were coated with rabbit polyclonal IgG to HBsAg, and 
incubated with seriallO-fold dilutions of human sera. Then, murine MAbs to 
HBsAg (F39.20), preS2Ag (F124), or preS1Ag (F35.25) were added, and 1251_ 
labeled F(ab')2 fragment of anti-mouse Ig (Amersham) was used as tracer. 
Results were expressed as cpm of 125I-Iabeled antibody bound, and as the 
preS2Ag/HBsAg and preS1Ag/HBsAg ratios of cpm x 100 calculated for 
each serum sample diluted tenfold. 

The HBs-specific MAb F39.20 recognized a disulfide-bond dependent 
conformational epitope on the HBsAg molecule [4]. The preS2-specific 
MAb F124 recognized the sequential preS2 N-terminal region (120 to 126) 
[3J, and the conformation-dependent pHSA-binding site (between amino 
acid residues 140-150) of the preS2-sequence (M.-A. Petit, unpublished 
results). The preS1-specific MAb F35.25 recognized the hepatocyte receptor-
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binding site (between amino acid residues 21 to 47) of the preS1-sequence, 
independently of djy subtype changes [5, 7]. 

The results of tests for ALT, HBV-DNA and DNApolymerase (DNAp) in 
serum, the histological diagnosis, and the detection of HBcAg in liver by 
immunofluorescence (IF) for all patients are reported in Fig. 1. The serum 
expression of preSAgs in the different groups of chronic HBsAg carriers are 
presented in Fig. 2. PreS1Ag was found in most (90%) patients with CLD 
(group 1 and group 2), irrespective of the presence ofHBV-DNA detected by 
slot-blot hybridization and the HBeAgj Anti-HBe status in sera. In contrast, 
preS lAg was not detected in sera (diluted 10 x) from almost any HCs 
(group 3). More significantly, the mean serum preS1AgjHBsAg ratio is 
higher (34%) in group 1, which showed active viral replication, than in group 
2 (18%), which demonstrated low-grade viral replication. Furthermore, 
a correlation between preS1Ag in serum and HBcAg in liver is observed in 
anti-HBe-positive chronic hepatitis B patients (group 2). 
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108 

20 
18 
16 

~ 
14 

~ 12 

.~ 10 
> 8 -I/) 6 0 
a. 

4 
2 
0 

A 
groups: 

60 

0 50 
:;::0 
~~ 

40 
01" 
« E 
1/)0. 

30 alu I _ _ 0 

~.~ 20 
~.!:. 

D... 10 

M.-A. Petit et al. 

• preS1Ag 

0 preS2Ag 

(100%) 

11 8 
No. of patients 

1 2 
CLO/HBeAg+ CLO/Anti-HBe+ 

(75%) 

20 

3 
HC/Anti-HBe+ 

Assays lor preSAgs were performed on serum samples diluted 1 :10 

.. 
neg 

• preS1 Ag/HBsAg 

o preS2AglHBsAg 

B 0 
groups: 1 2 3 

CLO/HBeAg+ CLO/Anti-HBe+ HC/Anti-HBe+ 

p<0.001, group 1 VS. group 2 

** Negative «5%) for the majority (18/20) of cases in group 3. 

Fig. 2. PreS antigen expression in serum during chronic HBV infection. A Percentage of 
preSlAg or preS2Ag positive patients. B Ratio of preSAg to HBsAg in the groups of 
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By using the same approach for detecting preS2Ag in the different groups 
of chronic HBsAg carriers, we showed that the preS2 proteins were expressed 
in all patients with chronic hepatitis B and in most HCs, irrespective of HBV 
replication markers such as HBV-DNA and HBeAg in the serum and 
HBcAg in the liver. This suggests that persistent HBs antigenemia is 
associated with a continuous synthesis of preS2 proteins as 22-nm defective 
viral particles in most chronic HBsAg carriers, even in nonviremic healthy 
blood donors. 

Thus, the PAb-MAb RIA system developed by us for the simultaneous 
detection and quantification of HBsAg, preS2Ag and preS lAg in human sera 
represents an improved approach for obtaining valuable information on the 
biology of HBV during the chronic HBsAg carrier state. Although the serum 
preS2Ag/HBsAg ratio appears to be of little relevance in patients with 
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chronic HBV infection, the serum preS1Ag/HBsAg ratio seems to reflect the 
degree of viral replication, especially among anti-HBe carriers. 

The presence of HBV-DNA in sera from 85 symptomatic and asympto
matic HBsAg carriers was studied by PCR with primers specific for the Sand 
C regions in parallel with the detection of preS1Ag by our PAb-MAb RIA 
[1]. Whatever the clinical status of patients studied, the preS1Ag expression 
statistically correlated (p<O.OOOl) with the presence ofHBV-DNA detected 
by the PCR assay, where amplified DNA was analyzed by ethidium bromide 
(PCR-EB) [1]. This finding demonstrates that both methods (PAb-MAb 
RIA for preS lAg and PCR-EB for HBV-DNA in serum) provide sensitive 
and accurate markers for HBV replication. 

Clearance of HBV surface antigens and anti-preS response during acute 
hepatitis B (AH-B) infections 

The clearance of HBsAg, preS2Ag and preS1Ag monitored by PAb-MAb 
RIAs, the anti-HBs production determined by RIA (Abbott Laboratories, 
North Chicago, IL) and the antibody response to preS2- and preS1-proteins 
detected by WIBA, were studied in 70 serum samples from 10 patients with 
acute self-limited AH-B (group 1), and in 39 serum samples from 3 patients 
with protracted (~1O weeks but < 6 months) AH-B [9J (group 2). In 
group 2, one patient received placebo and the two others were treated with 
recombinant human ct-interferon (rIFNct-2b, Intron A from Shering) for 
24 weeks, with follow-up for 1 year. In group 1, seven patients with AH-B 
were analyzed for the proliferative response of peripheral blood lympho
mononuclear cells (PBMC) to HBV envelope, core (HBcAg) and e (HBeAg) 
antigens [2]. 
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The results of proliferation assays indicated that the clearance of serum 
HBV surface antigens (HBsAg, preS2Ag and preSlAg) was temporally 
associated with a strong T cell response to nucleocapsid antigens (HBcAg 
and HBeAg) in self-limited AH-B [2]. This intriguing observation suggests 
that the elimination of preS lAg-positive complete virions may be facilitated 
by a vigorous nucleocapsid-specific T cell response. 

Results obtained in a patient from group I with typical self-limited AH-B 
who rapidly progressed to recovery, are reported in Fig. 3. HBV surface 
antigens were cleared very early and found negative from the second serum 
sample on. Interestingly, the appearance of a strong antibody response to 
preSl- and preS2-proteins was found to be concomitant with a peak of ALT, 
reflecting an exacerbation of hepatitis. Then, the anti-preSl response became 
negative while the anti-preS2 response decreased, together with a high anti
HBs response. 

Figures 4 to 6 show results obtained in three patients with protracted 
AH-B. Patient A who received a placebo progressed spontaneously to 
remission of disease (ALT normalization), and seroconverted to anti-HBe 
and anti-HBs. Nevertheless, antibody response to preS2 or preSl proteins 
was not detectable throughout follow-up. Patient B completely cleared HBV 
infection after (X-interferon therapy, and exhibited typical seroconversion 
illness. The induced antibody response to preS-proteins was similar to that 
observed in self-limited AH-B as described above (Fig. 3), and was again 
found to be associated with a flare-up of liver disease. Patient C who cleared 
HBV surface antigens after (X-interferon therapy did not, however, develop a 
sustained anti-HBs response. Thus, the transient anti-preS response may be 
not followed by anti-HBs seroconversion. 

Our data indicate that complete eradication of HBV requires a strong 
sustained antibody response to disulfide bond-dependent epitopes on the 
HBsAg molecule, and that spontaneous recovery from hepatitis B can be 
achieved without prior antibody response to preS-proteins. Moreover, 
appearance of antibodies to both preS2- and preSl-proteins seems to be 
concomitant with a flare-up of the liver disease, suggesting a possible role of 
anti-preS response in the pathogenesis of HBV infection. 
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peR analysis of "BV infected sera: relationship between expression 

of pre-S antigens and viral replication 
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Summary. In order to determine the biological significance of the pre-S 
antigens in HBV infection, HBsAg sera were tested for the presence of pre-S 1 
and pre-S2. HBV DNA was detected by spot-hybridization and PCR. The 
data show a complete correlation between pre-S antigenemia and HBV DNA 
replication in anti-HBe positive cases. PCR but not spot-hybridization was 
adequately sensitive to also detect HBV DNA in roughly half of the p.r:eS 
negative sera as well. Thus PCR appears to be a valuable technique for 
detection of potentially infectious anti-HBe carriers. 

* 
Complete HBV virions, 22 nm spherical HBsAg particles and tubular forms 
all contain different amounts of pre-S surface antigens [1]. Pre-S expression 
is independent of symptomatology [2J and depends on the HBeAg/anti-HBe 
status of infected sera and on the stage of infection. Since the synthesis of pre
surface proteins increases during complete viral replication, the content of 
pre-S1 and pre-S2 sequences can be considered an important marker of 
infectivity. 

A variable portion of anti-HBe subjects still exhibit HBV DNA in serum 
[3]. To investigate the biological significance of pre-S antigens with respect 
to viral replication, we studied 125 sera, 28 from HBeAg and 97 from anti
HBe positive HBsAg carriers. Pre-S1 and pre-S2 were determined by an 
enzyme immunoassay method using specific monoclonal antibodies, and 
HBV DNA was detected by spot-hybridization (SH) [3]. Pre-S1, pre-S2 and 
HBV DNA were present in 96.4%, 89.3% and 78.6% of HBeAg+ and in 
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Fig. 1. Relationship between pre-S antigen activity in enzyme immune assay and detection 
of HBV DNA by peR and Southern blot hybridization (SBH) or ethidium bromide (£B) 

staining 

67.0%,77.3% and 13.4% of anti-HBe+ carriers, respectively. In addition, 
the sera that were found to be negative for HBV DNA by SH (6 HBeAg and 
84 anti-HBe) were further investigated by PCR technique. Specific primers 
for HBV "S" and "c" regions were used for the amplification reaction. 
Samples were migrated in agarose gel (PCR-EB), blotted, and the filters 
hybridized with T4 polynucleotidekinase 32p labeled specific probes (PCR
SBH). PCR analysis revealed that 4 out of 6 HBeAg positive sera and 33 out 
of 41 (80.5%) anti-HBe cases investigated, contained HBV specific amplified 
templates of Sand C regions, absent in healthy control subjects. The PCR 
hybridization bands were in all cases fainter than those of the sera that were 
HBV DNA positive by SH. A strong correlation (100%) between pre-S 
antigenemia and HBV DNA replication, as detected by PCR-SBH, was 
found in 13 anti-HBe positive cases with very high titers of pre-S (pre-S 
value> 2.000) (see Fig. 1). However, PCR also detected the presence of 
circulating HBV DNA molecules in 9 out of 17 (52.9%) pre-S negative (pre-S 
value < 0.221) sera. These data suggest that, in anti-HBe subjects, strong 
viremia is associated with very high titers of pre-S antigens. 

In conclusion, the PCR technique allows the detection of very small 
amounts of HBV (10- 200 viral particles per ml serum), not detectable by SH, 
the sensitivity of which normally reaches about 106 viral particles per ml. 
PCR, therefore, helps identifying, with increased sensitivity, potentially 
infectious anti-HBe carriers, who exhibit a residual, although low, viremia. In 
addition, this technique allows us to better understand the significan'ce of the 
pre-S antigen expression in these subjects. 
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Detection of HBV DNA by peR in serum from an HBsAg negative 
blood donor implicated in cases of post-transfusion hepatitis B 

H. Norder!, B. Hammast, J. Larsen2 , K. Skaug3, and L. O. Magnius! 
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2 Blood Bank and Department of Immunology, Ullevaal Hospital 
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Summary. An HBsAg negative blood donor, and three of her recipients, who 
developed HBsAg positive post-transfusion hepatitis B, were all positive for 
serum HBV DNA by polymerase chain reaction (peR), and by subtype 
discriminating peR were found to harbour HBV specifying ayw. Thus HBV 
DNA may be detected and sub-typed by peR in infectious HBsAg negative 
individuals. 

* 
Various reports suggest that hepatitis B surface antigen (HBsAg) negative 
blood donors may transmit HBV infection. A Norwegian blood donor, 
negative for HBsAg and anti-HBs in serum, but positive for anti-HBc in high 
titer, had been implicated in three cases of overt post-transfusion hepatitis B 
(PTH-B) with demonstrable HBsAg in serum [1]. This blood donor and 
another from the same blood center, also with high-level anti-HBc as 
serological marker for HBV, were identified as positive for serum HBV DNA 
by a previously described polymerase chain reaction (peR) [2]. 

A nested peR for subtyping of HBV DNA was developed. Amplification 
within the S-gene with the primer pairs hep33-34 or hep3-33 directed to 
conserved regions was followed by another amplification step with the 
subtype specific oligonucleotide primer pairs, hep7-8 and hep3-20, for 
discriminating diy, and hep3-30 and hep3-31 for discriminating wlr, 
respectively. The characteristics of these primers are given in the table. 

Subtyping by peR revealed that the three cases of PTH-B, and inter
estingly, both of the blood donors without detectable HBsAg in serum were 
harbouring HBV genomes specifying HBsAg of ayw subtype, despite the fact 
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that the majority of Scandinavian HBsAg carriers among blood donors have 
HBsAg of subtype adw in serum. 

By utilizing subtype-specific PCR, we here provide positive epidemio
logical evidence for the association of HBsAg positive cases of PTH-B to 
a blood donor with high level anti-HBc as marker of HBV replication. In 
conclusion, HBV DNA may be detected by PCR in HBsAg negative 
individuals, infectious for HBV by blood donation, and the subtype of the 
HBV strain in such individuals might also be determined by this technique. 
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HBc and HBe specificity of monoclonal antibodies against complete 

and truncated HBc proteins from E. coli 

E. Korec 1 and W. H. Gerlichh 
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Germany 

Summary. We have prepared and used monoclonal antibodies against 
various populations of full-length and truncated hepatitis B core proteins in 
order to distinguish between epitopes of HBcAg and HBeAg. Our results 
show that various epitopes are specific for the different proteins. Certain 
epitopes, however, are ubiquitous to HBc/e proteins and these are probably 
exposed on the surface of HBc particles. 

* 
The 27 nm core particle of hepatitis B virus is serologically defined as a core 
antigen (HBcAg). HBe Antigen is related to HBcAg as it can be generated 
from HBcAg by denaturation. Human plasma-derived HBeAg is hetero
geneous in size and is composed of polypeptides of about 15-20 kd. 
Carboxy terminal sequence analysis indicates that these HBc/e proteins are 
truncated at the carboxy terminus. An accurate distinction between epitopes 
of HBcAg and HBeAg is possible only by the use of monoclonal antibodies. 

We have prepared sets of 4 monoclonal antibodies [mabs, Ref. 1] against 
recombinant full-length HBcAg (rHBc), 8 against carboxy terminal truncated 
HBc protein (tHBc), missing 33 amino acids [2], and 4 against SDS
denaturated recombinant HBc (dHBc) proteins [3]. These antibodies 
were used for detection of epitopes which are specific for HBcAg or for 

* Present address: Institute of Medical Virology, University of Giessen, Frankfurter 
Strasse 107, D-W -6300 Giessen, Federal Republic of Germany. 
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Table 1. Characterization of mabs which were induced by different HBc/e 
immunogens 

Reaction in ELISA with 
Immunogen Hybridoma Isotype rHBc IHBc tHBc HBeAg 

line 

rHBc 18H5Gl JgG2A + + + 
rHBc 18C EllB12 IgG3 + + + 
rHBc 18AEI1B7 IgGl + + + 
rHBc 13: F9F1 IgG2A + + + 
tHBc 41F4 IgG2A + + + 
tHBc 41E2 IgG2A + + + 
tHBc 44HI1B6 IgG2B + + + 
tHBc 46C12E6 IgG2A + + + 
tHBc 44A5Cl IgG2A + + + 
tHBc 44A7B9 IgG2B + + + 
tHBc 42B12 IgG2A + + + + 
tHBc 44B12HlO IgG2B + + + + 
dHBc 35H2 IgG2A + + + + 
dHBc A2C12 IgG2B + + 
dHBc 34E5 IgG2A + + 
dHBc 34EI0 IgG2A + + 

HBeAg using ELISA. The results are summarized in the table. All four mabs 
induced by rHBc reacted with epitopes specific for liver HBcAg (lHBc, Ref. 4) 
and tHBc, but these epitopes are not present on plasma-derived HBeAg. Six 
mabs induced against tHBc particles reacted with epitopes specific for rHBc 
and IHBc, 2 mabs (numbers 42B12 and 44B12HlO) of this set reacted with 
common epitope(s) present in rHBc, IHBc and HBeAg. Three mabs against 
dHBc reacted with tHBc and HBeAg, but not with rHBc or IHBc. One 
monoclonal antibody reacted with all four antigens. 

We conclude that a) rHBc and IHBc particles are indistinguishable by the 
13 HBc reactive mabs used, b) tHBc has all epitopes which are present on 
rHBc or IHBc, c) tHBc has in addition epitope(s) which are absent on rHBc or 
IHBc but present on HBeAg. Generation of these epitopes is due to 
carboxy terminal truncation and not due to lack of capsid-like structures, 
because tHBc assembles to core-like particles [2]. d) Some epitopes are 
present on all kinds of HBc/e protein. They are probably sequential and 
surface exposed on HBc particles. 
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Measurement of anti-HBc IgM levels using the Amerlite 
anti-HBc IgM assay 

J. A. Diment, J. Tyrrell, and J. Brown 
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Summary. The Amerlite anti-HBc IgM assay was evaluated as a tool for 
determination of antibody levels. With an assay time of 1 hour, the test 
showed a broad dose response range with high sensitivity and specificity. The 
software configuration of the analyser can be customised to suit specific 
research requirements. 

* 
Measurement of anti-HBc IgM levels can be of value, when considered along 
with other hepatitis markers, in identification of acute hepatitis B as well as 
differentiating states of chronic hepatitis B infection [1]. 

We have evaluated the potential of the Amerlite assay for measurement of 
antibody levels. We demonstrated a broad dose response range without 
detectable prozone effects. The protocol is such that results can be obtained 
in 1 hour. 

Data obtained using the Paul Ehrlich reference serum and by 
measuring more than 500 normal sera showed that antibody levels between 
10 and 900 U jml can be determined. In the normal assay configuration the 
positive cut-off is equivalent to about 250 U jml but this can be adjusted 
within the Amerlite Analyser software for specific clinical research purposes 
to the level required, for example to a level equivalent to 600 U jml so as to 
flag only recent acute HBV infection, or to a level equivalent to 10 U jml so as 
to flag essentially all detectable anti-HBc IgM levels. The dose response and 
result printout is such that medium (250-600 U jml) levels can be readily 
distinguished from higher levels of antibody. 

In addition the Analyser software can be configured in the research mode 
to directly printout the core IgM levels in units that correspond closely with 
the Paul Ehrlich reference calibrator. Regression analysis showed that the 
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PEl U jml equals (Amerlite result x 176) -13, for an Amerlite result from 
0.05 to 5.5. 

Our results show that the high sensitivity and high specificity and wide 
dynamic range of the Amerlite assay make it useful for a range of appli
cations. 
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Evaluation of a new enhanced luminescence immunoassay for 

confirming the presence of HBsAg in human serum or plasma 
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Summary. An enhanced luminescence assay was developed to confirm the 
presence of HBsAg in weakly reactive sera. The test proved reliable III 

differentiating between truly reactive and falsely reactive samples. 

* 
With any highly sensItive assay for HBsAg a small number of HBsAg 
negative samples consistently give reactive results. Even where high levels of 
specificity are achieved, these results can have a significant effect on positive 
predictive value. For instance, in external trials of the Amerlite HBsAg assay, 
two of 3268 blood donor samples gave repeatably reactive results but neither 
was shown to be genuinely HBsAg positive. Such results are typical of 
HBsAg screening assays and illustrate the continuing requirement for 
reliable confirmatory tests. We have developed an assay based on enhanced 
luminescence to confirm the presence of HBsAg in human serum or plasma. 
The Amerlite HBsAg Confirmatory Assay uses the principle of specific 
antibody neutralisation. Test samples are pre-incubated with human 
antiHBs for one hour at 3rC, prior to measurement in a one hour, single
incubation assay. A sample is confirmed positive if neutralisation gives 
a reduction in result of at least 50%, and the non-neutralised sample gives 
a result greater than the cut off. In a further external trial of the Amerlite 
HBsAg assay 500 blood donor samples were tested. One sample (0.2%) gave 
a repeat ably weakly reactive result which could not be confirmed using the 
Amerlite Confirmatory assay. Of 132 samples known to be HBsAg positive 
(and reactive in the Amerlite HBsAg assay), all were confirmed positive by 
the Confirmatory assay. At Amersham the presence ofHBsAg was confirmed 
in each of the 11 members of the Paris subtype panel. Fifteen samples were 
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artificially created by deliberate gross haemolysis, addition of haemoglobin 
or sheep anti-mouse to give repeat ably reactive results in the Amerlite 
HBsAg assay. None of these samples could be confirmed positive using the 
Confirmatory assay. These results support the use of the Amerlite HBsAg 
Confirmatory assay in differentiating between truly HBsAg positive speci
mens and those giving falsely reactive results. 

Authors' address: Dr. G. H. Spiller, Amerlite Diagnostics, Pollards Woods Laboratories, 
Amersham HP7 OHI, UK. 
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Functions of hepatitis B surface proteins 

W. H. Gerlich, K.-H. Heermann, and Lu Xuanyong 

Department of Medical Microbiology, University of Gottingen, Federal Republic of 
Germany 

Summary. HBV surface proteins playa number offunctional roles in cellular 
infection, viral synthesis and in immune responses of the host. Three 
coterminal proteins of differing sizes and three subdomains of the individual 
molecules can be recognized. In this brief review, functions of the various 
proteins and domains are described and their significance as potential 
immunogens is discussed. Although it is apparent that the surface proteins 
are involved in the development of persistent HBV infections, the underlying 
mechanisms of their involvement remain unknown. 

* 
Hepatitis B surface (HBs) proteins are involved in i) the assembly and 
secretion of hepatitis B virus (HBV), ii) in induction of immune tolerance in 
the transiently or persistently infected host, iii) in attachment and penetra
tion to liver cells of a new host, iv) and finally in development of protective 
immunity by naturally infected or vaccinated persons. 

There are three coterminal HBs proteins of different size: small (SHBs), 
middle (MHBs), and large (LHBs). They represent three domains of the viral 
surface: PreSl which is present only in LHBs; preS2 which is present in LHBs 
and MHBs, but in MHBs is glycosylated and in LHBs is not; and domain S 
which is present in all three HBs proteins and forms the sole component of 
SHBs. All three HBs proteins are present in the envelope of HBV particles, 
and in the subviral HBs filaments and HBs spheres of 20 nm diameter. 
However, the HBs spheres contain less LHBs than the other two particles. 

SHBs with 226 amino acids {a a) is the major component of HBs particles 
and of the HBV envelope. SHBs is required and sufficient for the assembly 
and secretion of HBs spheres in animal cells. During biosynthesis, SHBs, and 
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very likely the S domains ofMHBs and LHBs, cross the membrane of the ER 
at least two times but probably more often. Hydrophobic interactions and 
possibly intermolecular cross-linking of the numerous cysteins in the S 
domain lead to the budding of HBs particles to the ER lumen, from where 
they are secreted. Part of the naturally expressed S domain is glycosylated. 
HBs proteins which are expressed in transfected yeast cells form particles, but 
the S domains are not glycosylated and the particles are not secreted. For 
vaccine production they have to be extracted from the yeast cells. 

The ability of SHBs to induce protective immunity is experimentally well 
established and confirmed by world-wide vaccination experience. The 
mechanism of how an anti-SHBs antibody protects is, however, not under
stood, since no function of SHBs in attachment or penetration has yet been 
found. Usually, antibodies neutralize viral infectivity by blocking attachment 
and penetration sites on the viral surface. 

These functions are probably located in the preS domains of HBV. The 
preS1 domain of 119 aa binds by its sequence 21 to 47 (subtype adw) with low 
affinity to hepatocyte membranes and to monocytes. Binding may be indirect 
via the serum protein, apolipoprotein H. PreS1 peptide 21-47 has been 
found to induce neutralizing antibodies. Convalescents from hepatitis B 
develop such antibodies. Chronic carriers of HBV, however, may develop 
antibodies against preS1 sequence (94-117) but not against (21-47). These 
observations underline the importance of sequence 21-47 in the natural 
infection process. Possibly, this sequence binds to a novel IgA receptor of 
human liver, because this sequence has a partial homology to the Fc part of 
the alpha-chain, and binding of HBV to liver membranes is inhibited by IgA. 

LHBs is required a) for the envelopment of core particles and subsequent 
maturation of HB virions, and b) for the morphogenesis of HBs filaments. 
The aminoend ofpreS1 carries an ER retention signal. Thus, pure LHBs can 
still form HBs filaments but these cannot be secreted. In transgenic LHBs 
mice this may even lead to storage disease and finally to hepatocellular 
carcinoma. Secretion of HBs filaments and of HB virions occurs only if SHBs 
and LHBs are coexpressed in ratios between 2: 1 and 10: l. 

The small preS2 domain of 55 aa carries a surprising number of 
functions. The glycan of preS2 has a novel liver-specific composition. It 
contains a mannose antenna and two complex antennas with some unusual 
linkages. This glycan binds specifically to a still unidentified lectin of the 
human hepatoma cell line HepG2. Since the natural preS2 glycan from 
human liver has a terminal sialic acid, this lectin is different from the 
mannose, galactose or asialoglycoprotein receptors of the liver. Binding of 
the glycan to the lectin can be inhibited by preS2-glycan specific antibodies. 
This lectin is the most convincing candidate for an organ-specific HBV 
receptor in human liver. 

PreS2 binds, moreover, human serum albumin (HSA). Although HSA 
treated with glutaraldehyde binds much better than native HSA, a small 
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subfraction of native HSA binds also in vivo and in vitro to the central part of 
the preS2 domain. The binding site overlaps with neutralizing epitopes. 
Possibly, a naturally modified HSA has both affinities to preS2 and 
hepatocyte membranes and would be an indirect receptor. It is interesting to 
note that patients with more severe liver disease or high HBV replication 
have usually free HSA binding sites, while asymptomatic HBsAg 
carriers have less preS2 domains which are, moreover, completely covered 
by HSA. 

Penetration ofHBV into cells has not yet been demonstrated in vitro, and 
infection of hepatocytes in vitro is, although possible, very ineffective. 
Penetration of viruses to the cytoplasm of cells is often mediated by a 
hydrophobic fusion peptide of 10 aa which is exposed only after proteolysis 
or after a pH-induced conformational change. Treatment of MHBs contain
ing HBs spheres with proteases, such as trypsin or V8 protease, cleaves 
rapidly MHBs at the carboxyend of preS2 and induces nonspecific irrevers
ible binding of HBs spheres to various cell types. Chymotrypsin cuts in 
MHBs, in contrast, at the amino end of the S domain and removes a sequence 
which could be a fusion peptide. In fact, chymotrypsin treated HBs spheres 
do not bind to cells at all. The proteolysis-sensitive site of preS2 forms at the 
same time a very accessible, highly immunogenic region with great sequence 
variability. One could speculate that antibodies against this region could 
also neutralize infectivity. 

HBs spheres are a good immunogen in the majority of vaccine recipients, 
but the amount of 10 to 20 Ilg SHBs protein per dose is much higher than the 
one required for e.g. a killed hepatitis A virus vaccine (0.1 ~0.3 Ilg/dose). The 
defect leading to non-responsiveness in certain healthy and in many immuno
deficient recipients is insufficient presentation by monocytes and B lympho
cytes, and/or absent recognition of HBs epitopes by T helper cells. SHBs is 
not easily processed by proteolysis, and this may lead to insufficient 
presentation by antigen presenting cells. Both, in mice and in man, preS1 has 
been found to be more immunogenic for T helper cells than preS2 or S. Since 
B-cells depend on stimulation by T helper cells, the whole humoral immune 
response including antibodies against Sand preS2 is probably enhanced by 
the presence ofpreS1 T cell epitopes in HBs particles. According to the model 
of Milich, preS 1 or other T helper epitopes have to be on the same particle as 
the B cell epitopes. As a consequence future hepatitis B vaccines should 
contain the preS1 and preS2 domains on SHBs spheres. Plasma-derived HBs 
spheres-isolated without proteolytic treatment-have been a source of such 
a vaccine, but for biological safety and production costs, recombinant 
vaccines are preferable. 

Current recombinant SHBs vaccines rely on very few epitopes. Recently, 
development of escape mutants has been observed in vivo which contain one 
single aa exchange in the group-specific a-epitope of SHBs. Inclusion of 
several HBs subtypes, and of neutralizing preS1 and preS2 epitopes would 
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probably prevent such a rapid development of escape mutants. Moreover, 
more attention should be paid to the protective effect of T-cell immunity. 

While HBs spheres (even without preS domains) are usually satisfactory 
immunogens if applied as a vaccine, they are a miserable immunogen during 
natural infection. Even in resolving acute hepatitis B HBs-antigenemia 
reaches levels of 100 ).lgjml or more for several weeks without an efficient 
antibody response. Furthermore, partial immune tolerance against HBs 
protein is the basis for persistent HBV infection. One potential factor in the 
induction of immune tolerance may be the adsorption of the host's serum 
proteins, like HSA, apolipoprotein H and others. Besides simple masking of 
neutralizing epitopes, the host protein may induce T suppressor cells after 
presentation by HBs specific B cells and, thus, inhibit anti-HBs production. 
Furthermore, HBV can infect the cells of the immune system and may 
disturb their biological function. At present, the role of HBs protein in 
establishment of acute and persistent HBV infection can only be described as 
a phenomenon, but its mechanisms are not understood. 

Authors' present address: Dr. W. H. Gerlich, Institute of Medical Virology, University of 
Giessen, Frankfurter Strasse 107 D-W-6300 Giessen, Federal Republic of Germany. 
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Deletion and insertion mutants of HBsAg particles 
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Summary. We have found previously that hybrid 22-nm HBsAg particles can 
be created by insertion of short antigenic sequences into the HBV major 
envelope protein [1]. We have now performed a detailed deletion mutagen
esis of the S gene of HBV encoding HBsAg. Deletion of the 51 C-terminal 
amino acids including most of the third and all of the fourth hydrophobic 
domain of the S protein did not affect particle assembly and secretion. 
However, secretion of 22-nm particles was abolished by minor deletions in 
the N-terminal region. Insertion and deletion/substitution mutants carrying 
a poliovirus epitope at the N-terminus and the preS1 region at the 
C-terminus have been characterized. 

Introduction 

During an HBV infection, large amounts of 22-nm empty envelope particles 
carrying the surface antigen (HBsAg) are secreted from the infected hepato
cytes. Transfection of cell lines with the S gene encoding the 226-amino acid 
sequence of the major envelope protein yields similar particles which are 
secreted into the cell culture medium. Such 22-nm particles from serum, cell 
lines, or yeast are currently used as vaccine against hepatitis B. 

We have previously shown by insertion of a poliovirus epitope into the 
major envelope protein that 22-nm particles can be used as efficient 
immunogenic carriers of small heterologous antigenic sequences [1]. How
ever, assembly and secretion of such particles were strongly affected by 
longer inserts [2]. We have now constructed deletion mutants of the S gene 
to identify regions dispensable for envelope assembly and to create space for 
the insertion of longer sequences. 

Results and discussion 

In the small envelope protein of HBV two hydrophilic domains (30-80, 
100-155) are separated by a strongly hydrophobic region which is essential 
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for the transmembrane orientation [3]. The second hydrophilic domain 
carries the surface antigen. Leaving the essential hydrophobic and the 
antigenic region unchanged, we have deleted progressively larger sequences 
from the carboxy terminus (176-226) and shorter sequences of five to thirty 
amino acids at variable places near the aminoterminus (3-80). To determine 
whether the mutant proteins could still be assembled into particles and 
secreted, HBsAg was assayed in cellular lysates and in cellular supernatants 
using a monoclonal ELISA (Abbott) specific for HBsAg particles. 
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Deletions were introduced into the S gene using either exonuclease 
treatment starting from unique restriction sites or oligonucleotide-directed 
mutagenesis. All mutants were verified by DNA sequence analysis and were 
assayed using a eucaryotic expression vector after transient expression in 
HepG2 cells (Fig. 1). 

Deletions of five to eight amino acids at the very N-terminus (~3-9) and 
in the proximal part of the first hydrophilic domain (~35-39, ~40-46, 
~50-56) had no effect on intracellular assembly and only a minor effect on 
secretion (Fig. 1). However, when deletions of the same size were introduced 
further downstream (~57-63, ~ 71-79), the level of secretion was strongly 
reduced. These two regions are now being analysed by single point mutations 
to identify the critical amino acid residues essential for secretion. 

When larger deletions were introduced into the first hydrophilic domain 
(~22-32, ~33-51, ~35-46) or into the N-terminal hydrophobic region 
(~9-22), HBsAg could not be detected in the cellular supernatants, but 
intracellular assembly was found. It will be interesting to learn whether 
intracellular HBsAg in the secretion-defective mutants corresponds to true 
22-nm particles or to transmembrane aggregates. 

Carboxy terminal deletions did not interfere with assembly and secretion 
of HBsAg particles. Even a large deletion of 51 amino acids covering nearly 
the entire C-terminal hydrophobic domain was compatible with the forma
tion of 22-nm particles. This indicates the absence of essential topogenic 
sequences in this part of the molecule and suggests that large substitutions 
and insertions can be tolerated in this region. 

Because of the increased immunogenicity of a hepatitis B vaccine which 
includes the preS1 region of the large surface protein, we substituted the 
deleted C-terminal 51 amino acids by either the entire preS1 sequence or its 
first 42 amino acids. Hybrid particles were detected intracellularly in HepG2 
cells, but secretion was severely affected (Fig. 2). This demonstrates that 
a simple deletion/substitution is not sufficient for a high level expression 
of a heterologous antigen on HBsAg particles. 
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We then considered the possibility that the junction with HBsAg at the 
C-terminal amino acid 175 of the deletion mutant could be unfavourable for 
the presentation of preS1 on the outside of 22-nm particles. Therefore all or 
part of the preS1 sequence was inserted next to amino acid 223. With these 
constructs, a much better secretion was observed. Hybrid HBsAg carrying 
the preS1 sequence 1-42 at the C-terminus were secreted with the same 
efficiency as unmodified HBsAg particles. The hybrid particles were fully 
reactive with monoclonal antibodies both to HBsAg and preSl. 

Conclusion 

Nearly all the deletion mutants were secreted with lower efficiency. The 
largest space for insertions can be created in the carboxy terminus. The 
substitution of wild-type with foreign sequences and the insertion of longer 
epitopes decreased the production of particles. 

The insertion of parts of the preS1 domain into the carboxy terminus of 
the S gene is a novel possibility of producing hybrid middle or large surface 
proteins, which are secreted as particles from mammalian cells. Such 
particles could have a great potential for future HBV vaccines. 
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Summary. Yeast cells have been engineered to express mixed HBsAg 
particles containing the S and a modified large (L *) protein. Their construc
tion resulted in reduced protease sensitivity, reduced glycosylation and 
complete inactivation of the polymerized human albumin binding site. The 
particles exposed the S, preS1 and preS2 antigenic determinants and induced 
an immune response against the three domains. Highly purified preparations 
have been obtained and are presently being tested in human volunteers. 

* 
The envelope of hepatitis B virus (HBV) contains differently glycosylated 
forms of three proteins species: the small or major (S) protein, the middle (M) 
protein and the large (L) protein [7]. These forms incorporate the S, preS2 
+ Sand preS1 + preS2 + S domains respectively. Although hepatitis B 
vaccines derived from human plasma or, more recently, from engineered 
yeast [2, 5J have shown that the S domain alone is sufficient to induce a 
highly protective immunity, experiments in animals have highlighted the 
potential benefits which might result from the inclusion of the preS domain 
in vaccines, namely the augmentation of the efficacy by broadening the 
protective immune response and the circumvention of non-responsiveness to 
the S determinant [10, 11]. Moreover, the preS domains are immunogenic in 
humans and elicit anti-preS responses during natural HBV infection, which 
often occur prior to any other anti-HBV response [1]. 

Therefore, we have first attempted to produce the middle and large 
protein particles in yeast, using the type of expression vector which was 
applied earlier to the expression of the major protein [6]. The large protein 
failed to assemble into typical HBsAg particles and the recovery was low. 
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The middle protein was expressed at satisfactory levels and formed spherical 
particles. These (M) particles were purified and, in mouse experiments, were 
shown to induce high levels of anti-S and anti-preS2 antibodies. In human 
tests, however, these particles gave disappointing results: they induced a 
largely depressed S response compared to yeast-derived HBsAg containing S 
only, while the preS2 response appeared delayed and transient. 

We tried to determine the possible reasons for this failure, and identified 
the following factors which may affect the immunogenicity of the (M) 
particles in humans: 

- the preS2 domain of the M protein is highly susceptible to proteolytic 
cleavage, which results in an antigen of poor stability; 

- the preS2 domain of the M protein expressed in yeast is hyper
glycosylated: in addition to the expected mannose-rich N-glycosylation, 
it carries a number of abnormal O-glycosylations; 

- the preS2 domain carries a human albumin binding site, which has been 
suspected of contributing to immune escape mechanisms [8J; 

- the (M) particles present the highly hydrophylic preS2 domain mostly at 
their surface, while the S determinants are largely masked. This may 
result in altered recognition and processing by the immune system. 

Although it is not clear how all these mechanisms could actually 
contribute to a different behaviour of the antigen in mice and humans, we 
tried to incorporate these ideas into an idealized design of HBsAg particles 
containing the preS domain. Given the lack of self-assembly of the large 
protein in yeast, this design was also conceived as one way to incorporate the 
important regions of the preS 1 domain shown to contain protective epitopes 
[12J into molecules which could be efficiently assembled in yeast. 

Two concepts were used in this design: the modified large molecule, 
which we designate L *, and the mixed or composite particles, assembled 
from different molecular species (S and L *). The modified large molecule L * 
retains the potentially useful regions of the preS1 and preS2 domains, namely 
regions containing Band T cell epitopes (including those which were shown 
to be neutralizing or protective in chimpanzee challenge tests) and the preS1 
associated hepatocyte binding site (Fig. 1). Most of the sensitive proteolytic 
sites and of the glycosylation sites have been deleted. In addition, deletion of 
the preS2 peptide 120-132 abolished the binding of the polymerized human 
albumin and removed a cytotoxic T-cell epitope with possible involvement in 
chronic evolution of HBV infection [3]. To form mixed particles, two 
different species, i.e. L * and S, were co-expressed in yeast. We have in this 
way succeeded to form particles containing about 25% of L * and 75% of S, 
which simultaneously expose preS1, preS2 and S determinants, more like 
HBV does. 

The mixed particles containing Sand L *, which we designate (S,L *), were 
purified from recombinant yeast using standard methodology. Electron 
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Reagent 

HBsRF1 
(H. Thomas) 

S1.1 
(SKB Bio) 

F35.25 
(M-A. Petit) 

S2.5 
(SKB Bio) 

pHSA 

Table 1. Antigenic characterization of (S,L *) particles 

Specificity 

S (common a 
determ.) 

PreS1 (12-32) 

PreSl (32-47) 

PreS2 (133-145) 

PreS2 

Properties 

Virus neutralizing 
Conformational 
epitope 

Binding to peptide 

Inhibition of virus binding 

Binding to peptide 

Binding to pHSA receptor 

Binding to (S,L *) 
(ELISA) 

yes 

yes 

yes 

yes 

no 

microscopy showed spherical particles of about 25 nm, resembling re
combinant (S) particles or natural plasma derived HBsAg particles. By 
electrophoresis, two major bands were seen in a roughly 1: 4 ratio, corres
ponding to the L * (31 kDa) and S (24 kDa) species, respectively. In Western 
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blot, the two species were stained by the S specific reagent HBS-1, while only 
the 31 kDa species was revealed with the preS1 specific monoclonal anti
bodies S1.1 and F35.25. 

The particles were further characterized and compared to (M) and (S) 
particles by a series of ELISA assays with S, preSl and preS2 specific 
monoclonal antibodies. (S,L *) particles were highly reactive with the mono
clonal antibody HBs-RFl shown to be virus-neutralizing, S-specific and 
conformation dependent [14, 9J, indicating that the corresponding antigenic 
domain is correctly folded and exposed, as it is in (S) particles. The preS2 
specific reagent S2-5 showed the strongest reaction with (M) particles, 
a reduced but significant reaction with (S,L *), and no reaction at all with (S) 
particles, in line with the respective preS2 content of these particles. The 
preS1 specific reagents Sl.l and F35.25, the latter recognizing the hepatocyte 
binding site [13J, were both strongly bound by (S,L *) particles only. Finally, 
a strong binding to polymerized human albumin coated plates was observed 
with (M) particles, while (S) or (S,L *) particles were not bound at all. 

Immunization of mice and monkeys with (S,L *) produced a strong 
S-specific immune response, similar to that induced by (S) particles. Com
pared to (M) particles, a weaker but significant response was detected against 
the preS2 peptide l20~ 145. This result may be a reflexion of the lower preS2 
content of (S,L *) compared to (M) particles, and of the truncation of the 
preS2 domain, which is reduced to only 13 amino acids in (S,L *). A strong 
response was obtained against the preSt pep tides l2~32 and 32-47. Finally, 
sera of monkeys immunized with (S,L *) were able to inhibit the binding of 
F -35.25 to (S,L *) particles in a competition assay. This inhibition was 
maintained in the presence of excess (S) particles, indicating that it is 
due to competing preS antibody species with the same specificity as 
F35.25 rather than to hindrance of the binding by S-specific antibodies also 
present in the serum. 

It was shown recently that the preS1 domain is highly immunogenic at 
the T cell level in humans [4J and several preS1-specific CD4+ cell clones 
were obtained from high responders immunized with a plasma-derived 
vaccine. (S,L *) particles strongly stimulated these clones in vitro (c. Ferrari, 
personal communication), indicating that the corresponding epitopes are 
correctly processed and recognized on (S,L *) and providing a firm basis for a 
contribution of the preS1 domain present in (S,L *) to an enhanced T cell help 
in humans. 

In conclusion, we have shown that engineered yeast can produce HBsAg 
particles which express simultaneously the S, preS2 and preS1 antigenic 
domains. These particles have been obtained in highly purified form and are 
remarkably stable. They are an ideal candidate to further explore the 
eventual benefits of hepatitis B immunization with preparations containing 
preS antigenic determinants in populations which respond poorly to vac
cines containing only the S domain of HBsAg. 
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Diverging policies for vaccination against hepatitis B 

S.Iwarson 

Department of Infectious Diseases, University of G6teborg, Ostra Hospital, G6teborg, 
Sweden 

Summary. Policies toward vaccination against hepatitis B vary globally 
according to local prevalence and the population of infected individuals. In 
the present report, vaccination plans, policies, risks, and experiences of both 
apparent successes and failures are described. Possible plans, including local 
vaccine production, are discussed in regard to problems of third-world 
countries with high HB prevalence. Recommendations are made for vaccina
tion policies in various circumstances. 

* 
The use of hepatitis B vaccine usually has taken into consideration the 
geographic patterns of the prevalence of hepatitis B virus (HBV) infection. In 
areas of intermediate and high endemicity, infection is widespread and 
occurs more predominantly in infants and children. In these areas, immuniz
ation with hepatitis B vaccine has been recommended for all infants. In areas 
of low endemicity, however, the strategy for prevention of hepatitis B has 
been to immunize the groups (mostly adults) at high risk of infection. 

Recommendation of HB vaccination in Europe and the US 

The policies for recommendation of Hepatitis B vaccination differ from 
north to south in Europe due to different risks of HBV -exposure. In 
Scandinavia, vaccination is mainly recommended for health care workers 
with frequent blood contact while in Germany and in France vaccination is 
recommended for all health care workers with patient contact. 
These recommendations mirror the declining incidence of hepatitis B in 
Scan dina via. 
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Further south, as in Italy, all health care workers are considered a risk 
group and vaccination is recommended for all newly recruited workers and 
students. Recently it was suggested that Italy should follow the WHO
recommendation to immunize all newborns against hepatitis B since the 
overall prevalence of HBsAg-carriers range 2-4% in the country [1]. 

In 1989 the Greek Ministry of Health decided to implement a new 
vaccination programme. A pilot study showed that an increase in the 
acceptance rate of vaccination among health care personnel had taken place 
and now reached 92%. The Greek ministry intends to vaccinate medical and 
dental students, as well as student nurses, as soon as they have registered at 
the university. Vaccination will be implemented without screening, since 
HBV markers were detected in less than 8 % of such students in a pilot study. 
In Greece as in most other western-European countries, hepatitis vaccina
tion in health care workers is free of charge (Papaevangelou, G, personal 
communication). 

Hepatitis B vaccine has been available in the United States since 1982. In 
spite of this the incidence of hepatitis B during the past 7-8 years has not 
decreased in the US. 

The failure of the hepatitis B immunization program can be attributed in 
the majority of hepatitis B infections occurring in high-risk groups including 
intravenous drug abusers, promiscuous homosexual men and heterosexual 
persons with multiple partners. 

Today, leading experts in the U~ seem to be convinced that to achieve the 
ultimate control of hepatitis B it will be necessary to incorporate hepatitis B 
vaccine in routine childhood immunization programs. This could be in
cluded at the same time as diphtheria, tetanus, pertussis and polio vaccines. 
In this way it should be possible to protect future members of high-risk 
"hard-to-reach" population groups in the US [2]. 

Postvaccination serologic testing and booster doses 

Most European countries seem to agree with the WHO statement [3J that 
quantitative evaluation of the immune response after vaccination is desirable 
in order to identify inadequate responders and non-responders. Anti-HBs 
should ideally be measured one to three months after completion of the basic 
course of immunizations. To allow comparison of studies, anti-HBs should 
preferably be expressed as international units (IU /1). 

According to the WHO-group, an individual with a peak of anti-HBs 
below 10 IU/l after the basic course of vaccination probably lacks protection 
against HBV infection. Individuals with peak anti-HBs levels of 10-100 IU/l 
(low responders) generally lack detectable anti-HBs within one year. Most 
western European centers seem to recommend booster doses when anti-HBs 
levels tend to fall below 10 IU /1 or at least once 5-10 years after the initial 
course of vaccination. In several countries the initial level of anti-HBs 
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following the basic immunizations is taken as a basis for the timing of booster 
doses. If 100 IU /1 is not reached after three basic injections, a booster is often 
given within one year, while in those with a good response (> 100 IU /1) a 
booster dose after 5-10 years should be sufficient as suggested by Jilg et al. 
[3]. More sophisticated schedules with narrower intervals between boosters 
are being used in some central European countries. 

The length of protection following vaccination remains, however, un
known. Partial immunity apparently persists also after anti-HBs has dec
lined to undetectable levels. HBV infections have been reported in several 
adults who have responded to HB-vaccine, generally after antibody levels 
had become very low or undetectable, but very few of these infections have 
been clinically relevant. 

Until more data are available, it seems logical to consider revaccination 
of individuals when anti-HBs levels tend to fall to or below 10 IU /1 at least 
once in their lifetime. Immunocompromised individuals should, however, be 
revaccinated more frequently according to their anti-HBs responses. 

In the US, the Public Health Service states (CDC 1990) that for adults 
and children with normal immune status, booster doses are not routinely 
recommended after vaccination, nor is routine serologic testing to assess 
antibody levels considered necessary for vaccine recipients. The possible 
need for booster doses after longer intervals will be assessed by the CDC as 
additional information becomes available. Obviously there is a discrepancy 
between official US recommendations and European policies concerning 
booster doses. 

Post-exposure vaccination against hepatitis B 

Vaccines are usually effective only if administered before exposure to an 
infectious agent. However, in infections with long incubation periods such as 
rabies, post-exposure vaccination may be at least partly effective. For post
exposure prophylaxis against hepatitis B (HB) vaccines are often used in 
combination with hepatitis B immune globulin (HBIG). Since hepatitis B 
usually has an incubation period of two or more months, rapid post
exposure vaccination without globulin should be effective, as well. 

Hepatitis B vaccine is generally given at intervals of one month between 
the first two or three injections, followed by a booster injection 6-12 months 
after the first dose. Peak seroconversion rates and anti-HBs antibody titres 
occur after the booster dose, which is too late for post-exposure vaccination. 
Protective antibody titres must be achieved much earlier in these instances. 

Wahl et al. [4J studied an accelerated vaccination schedule in medical 
students who received 10 Ilg ofrecombinant HB vaccine at 0, 2 and 6 weeks. 
Other students were given the same vaccine at 0, 1 and 6 months according to 
one recommended schedule for pre-exposure prophylaxis. Accelerated vacci
nation resulted in a significantly higher frequency of protective antibody 
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titres (10 lUll or above) one month after the first dose of vaccine (48% vs 
4 %). All short-interval vaccinees had seroconverted within 2 months (i.e. 2 
weeks after the third dose). 

In a recent study of short-interval HB vaccination in chimpanzees 
exposed to HB virus, 4 chimpanzees received 10 Ilg of plasma-derived HB 
vaccine 4,8,48 and 72 hours, respectively, after intravenous injection of a HB 
virus inoculum [5]. A second and third vaccine dose was given to each 
animal at 2 and 6 weeks, and the chimpanzees were followed weekly for a 
year. Serial blood tests did not reveal any HBs-antigen, liver enzymes (ALT) 
remained normal and there were no histopathological changes in liver biopsy 
speCImens. 

Late appearance of serum anti-HBc antibodies was observed in one 
animal in which vaccination began 72 h after HB virus exposure. An 
unvaccinated control chimpanzee, which received the HB virus inoculum 
only, had symptoms of hepatitis B with raised alanine aminotransferase and 
HBs antigen in the serum. 

These experimental data suggest that post-exposure vaccination with 
short intervals between vaccine injections can protect against hepatitis B 
infection, even when HBIG is not given. All chimpanzees in which post
exposure vaccination was started within 48 hours after HBV exposure were 
completely protected, while the chimpanzees which got the first vaccme 
injection after 72 hours had subclinical infection. 

HB-vaccination in developing countries 

Very few African countries have an HB-immunization programme in spite of 
very high prevalences of HBsAg carriers among pregnant women. The same 
accounts for certain Asian countries with high HBsAg-prevalences. 

World-wide strategies for hepatitis B prevention in children will differ 
from area to area according to the epidemiology of HBV -infection. In East 
Asia high prevalences of HBsAg and HBeAg are seen in the serum of 
pregnant women and HBV-exposure of the child occurs at delivery. 

The first hepatitis B vaccine injection may in these instances be given 
together with BeG-vaccine at birth. The second HB-vaccine dose being 
given 4-6 weeks later and the third at 10-11 weeks in accordance with 
suggestions by WHO. Ideally also these injections are combined with other 
vaccine injections like DTP. 

In African countries also, spread of HBV seems to take place during the 
first few years of life and vertical transmission is less frequent than in East 
Asia. For that reason a somewhat slower HB-vaccination schedule may have 
the advantage of producing higher antibody levels for a longer period in 
young Africans. HB-vaccination of all children at birth, at 6 weeks and 
at 6-12 months may probably be a good alternative for many African 
countries. 
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Obviously, the main problem with HB-vaccination in third world 
countries is today's high vaccine costs. This problem will be at least partly 
overcome in the next few years when new HB-vaccines have entered the 
market. Local production of HB-vaccines has already been started in China 
and some other areas. When HBsAg-prevalences of several percent are seen 
in mothers, which is the fact in Africa and Asia, there is no reason to screen 
mothers for HBsAg. Furthermore, also in Asia horizontal spread of HBV 
occurs frequently, which speaks in favor of immunization of all Asian as well 
as African newborns. 

In low-prevalence areas like most of Europe, vaccination only of children 
of mothers with HBsAg and anti-HBe in serum may be a reasonable choice 
while high-risk children of mothers with HBsAg and HBeAg in serum should 
receive HBIG in addition to vaccination until more is known about the 
protective effect of a more rapid vaccination procedure. 
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Summary. A group of 273 health care workers, at risk of HBV infection, 
underwent vaccination with recombinant HBsAg produced in mammalian 
cells and containing protein sequences coded by both the Sand pre-S2 
regions (Genhevac B). Preliminary results show that a very early pre-S2 
response occurred which may be useful in post-exposure prophylaxis. This 
observation, in addition to reduced influence by the vaccination protocol, 
provides grounds for optimism in spite of the fact that the efficiency spectrum 
of this vaccine was not superior to that of recombinant vaccines produced in 
yeast. 

* 
Hepatitis B represents one of the most important diseases in terms of 
morbidity and mortality. The need to eradicate the disease has lead in recent 
years to research and testing of vaccines that are capable of stopping 
recirculation of the virus. 

Several studies [1, 2J underline the functional importance of proteins 
coded by the preS regions of the viral genome. This suggests that these 
proteins could play an important role in the assembly of viral components, or 
alternatively could be somehow involved in the ability shown by the virus to 
specifically infect liver cells. 

If we assume that peptides coded by the preS1 and preS2 regions are 
involved in the anchorage of the virus to the hepatocyte, they should be a 
good target for a vaccine; this is supported by the evidence that antibodies 
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reacting with intact virus [3,4] or with peptides coded by the preS2 [5, 6] or 
preSI [7] regions, as well as antibodies blocking the binding between HBV 
and pHSA [8] have been described in the first period of convalescence after 
acute B hepatitis. The presence of these antibodies in serum after recovery 
would indicate their protective valency. 

Aim of this study was to evaluate preliminary results on a population of 
health care workers, at risk for HBV infection, undergoing vaccination with 
Genhevac B, a recombinant vaccine produced in mammalian cells contain
ing the protein sequences coded by both the Sand preS2 regions. 

Subjects 

A group of 273 health care workers (age range 18~40), who were negative at 
HBV marker evaluation, underwent anti-HBV vaccination from November 
1988 to January 1990. Subjects were randomly allocated into 4 groups: 
A,B,C,D. 

Vaccine 

The vaccine, produced by Pasteur Vaccins (Paris, France), was provided by 
the Merieux Institute (Rome, Italy) as single dose syringes containing 
recombinant HBsAg (rHBsAg), produced in Chinese hamster ovarian cells 
transfected with genetic sequence coding for HBsAg (subtype ay), alumjnum 
hydroxide up to a maximum of 1.25 mg aluminum and 0.5 ml buffer. 

Administrations 

Preparations contained different vaccine doses according to different 
batches: Individuals in groups A and B were administered 20llg whereas 
groups C and D received 10 Ilg doses. Vaccine administration (intramuscular 
in the deltoid region) was performed according to a 4 dose schedule in groups 
A and C (French protocol) and according to a 3 dose schedule in groups B 
and D (American protocol). 

Results and discussion 

The results of the present study confirm the safety of the vaccine. Local side 
effects were mild and transient and general side effects were rare. 

Transaminase levels did not change during the study, even with the 
higher dose (20 Ilg). This excludes the occurrence of significant cytolysis due 
to production of anti-serum albumin or anti-idiotype preS2 [9], despite 
administration of high amounts of preS2. 

The main peculiarity of the vaccine utilized, is the content of large 
amounts of protein M (20% of total protein content of the vaccine). Data 



Recombinant hepatitis B vaccine 149 

obtained in mice raised the hypothesis that the presence of the preS2 region 
might amplify the immune response, compared to other vaccines not 
containing the preS2, also in humans; on the other hand, other authors 
suggested that contemporary presentation of both self(albumin) and non-self 
(HBsAg) antigens to the cells of the immune system could have diminished 
the antibody response to HBsAg [9]. 
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Our data do not appear to completely support either hypothesis; a good 
response to vaccine administration takes place (Figs. 1-2). The percentage of 
anti-HBsAg seroconversion in the 4 groups is maximal one month after the 
booster dose (92-98 %), in agreement with previously published data 
regarding yeast-derived recombinant vaccines (la-B). The time course of 
antibody titers in the different groups appears to be slightly influenced by the 
administration schedule (Figs. 3-4). 
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Concerning preS2 antibody response, we still only have preliminary 
results. However, some considerations can be made: preS2 antibody pro
duction is clearly dose-dependent; in fact, only groups A and B, who received 
20 Ilg vaccine, show a good antibody production. In contrast, groups C and 
D show lower antibody titers, never exceeding the 30 m U jml titer, which is 
conventionally considered protective. This probably reflects different sensi
tivity to the factors underlying the immune response to the preS2 coded 
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protein, which seems to be partly overcome by increasing the administered 
dose. 

Groups A and B show significant anti-preS2 response as soon as 60 days 
after the first administration, whereas comparable anti-HBsAg response 
develops at a later time. This data, although preliminary, suggest that the 
administration schedule could affect the time course of antibody titers. 
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In conclusion, this study shows that the immunogenicity of mammalian 
rHBsAg vaccines is good and in general comparable to that of yeast
produced recombinant and blood-derived vaccines. Preparations containing 
high dosages of protein M (at least 20% of total vaccine protein) are required 
in order to obtain a good anti-preS2 response. At these doses, however, anti
HBsAg response is also less influenced by the vaccination protocol and this 
may allow to carry out shorter and less expensive vaccine programs. 

Although the present study could not show a definite improvement of the 
efficacy spectrum of these vaccines, compared to recombinant vaccines 
produced in yeasts, the precocity of the anti-preS2 response could constitute 
a valuable advantage, suggesting that this vaccine might be a useful tool for 
post-exposure prophylaxis to HBV infection. 
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Summary. Geometric mean titers were determined for three groups of 
medical students who had been vaccinated against hepatitis B with two 
different yeast-derived recombinant vaccines and one plasma-derived vac
cine. The antibody kinetics for the three groups were similar over a period of 
4 years. A formula for prediction of titers from the post-booster anti-HBs 
concentration is provided. 

* 
To assess the long-term immunogenicity of hepatitis B vaccines, 2 groups 
of medical students were each immunized with one of two recombinant, 
yeast-derived vaccines (YDV) (group 1, n = 169: Engerix B™, Smith Kline 
Biologicals [1J, 4 vaccinations at months 0, 1, 2 and 11; group II, n = 32: 
CC 2572-P-101, Cilag [2J, 3 vaccinations at months 0, 1, and 6) and with the 
20 ~g formulation of a plasma-derived vaccine (PDV) (HB-Vax, MSD, n = 45 
and n = 18, resp.). Individual anti-HBs concentrations were measured at 
intervals for 49 and 30 months (resp.) after the last (booster) dose. 

One month after the booster vaccination, all of 147 vaccinees tested in 
group I (schedule 0-1-2-11 months) and 94% of the 50 subjects in group II 
(schedule 0-1-6 months) had anti-HBs levels ~ 10 lUll. After completion of 
the vaccination courses, no significant differences in antibody titers were 
observed between YDV and PDV in their respective vaccine groups. 
However, geometric mean titers (GMT) were significantly higher after 4 
vaccinations (group I, GMT=21330 lUll) than in group II (GMT 
= 2013 lUll). 
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In both groups, GMTs decreased rapidly by a factor of 5 to 10 during the 
first 12 months after the booster vaccination and by a factor of 2 in the 2nd 
year, but 3 and 4 years after the booster (group I), GMTs decreased only by 
factor 1.3 to 1.5 per year. 

These antibody kinetics represent an increase of antibody half-lives with 
time which is similar for YDV and PDV and may best be described by a 
logarithmic function 

y = ax -k with 

y = actual anti-HBs concentration; 
a = anti-HBs concentration 1 month after the last vaccination; 
x = time (months) since last vaccination; 
k (mostly 0.5 < k < 1.0) = constant depending on the vaccination schedule. 

To predict the actual titer from the post-booster anti-HBs concentration, the 
formula "y = a/x" is suggested. Whether this formula may be applied to 
extended periods beyond 4 years after the booster vaccination will have to be 
determined by long-term follow-up studies. 
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Summary. A range of solid phase immunoassays have been developed using 
enhanced chemiluminescence to provide a signal which can be measured in 
a qualitative or quantitative manner. The "Amerlite" anti-HBs assay has 
been used routinely to test more than 3000 post-vaccine anti-RBs levels. The 
results show that 5% of vaccinees are non-responders, but that more than 
30% produce antibody levels greater than 1000 mIU/ml. 

Introduction 

A range of solid phase immunoassays have been developed using enhanced 
chemiluminescence, a light generating system based on the oxidation of 
a chemiluminescent substrate (luminol) by horse-radish peroxidase. By using 
a chemical enhancer, the light signal can be greatly enhanced enabling the 
development of sensitive immunoassays. 

Assays for Hepatitis A and Hepatitis B markers (HBsAg, antiHBs, 
antiHBc, antiHBc IgM and antiHA V IgM) have been assessed and have 
proved to have the sensitivity and specificity of radio immunoassay, but 
without the radiation hazards. 

In this report the use of the "Amerlite" anti HBs assay in quantitating 
Hepatitis B vaccine responses has been evaluated. 

Method 

The Amerlite antiHBs assay was used according to the manufacturers protocol. 
Opaque microtitre wells are used and the light is detected and measured using an 



Enhanced luminescent assays 157 

analyser whose software includes data reduction facilities for both qualitative and quantitat
Ive assays. 

Amerlite anti-HBs can be used quantitatively using a panel of antiHBs standards of 0, 
10, 50, 250, 500 and 1000 mID/ml to generate a standard curve. 

Results 

The Amerlite assay and a radioimmunoassay for antiHBs (Ausab, Abbott 
Laboratories) were compared. The correlation between the two assays is very 
good in the range up to 300 mIU /m!. However, the range of Amerlite assay is 
much wider and can generate values up to 1,000 mIU /ml without dilution. 

This assay is in routine use to measure the responses to Hepatitis B 
vaccines. The following analysis is on a total of 3,296 individual sera from 
vaccinated health care staff (Fig. 1). 

Of the vaccinees 10% are non-responders with titres below 5 mIU /ml, 
36% produce titres in the range 11-200 mIU/ml, but more than half of those 
vaccinated (54%) produce titres greater'than 200 mIU/ml i.e. outside 
the range of most enzym~ immunoassays. Using Amerlite it can be seen 
that many people (20%) are capable of producing titres in excess of 
1,000 mIU /m!. (Actual values were established using a 1/10 dilution of 
sample.) 

The immune response in males and females of different ages is shown 
(Fig. 2). As previously reported, there is a fall in immune response with 
increasing age which is more marked in men than women. 

% of total 

antibody level miu/ml 0 2 4 6 8 10 12 14 16 
<1 ~~~~7r~-'----'---.----r---'---' 

1-5 

5-10 
11-50 

51-100 
101-200 

200-300 
300-400 

400-600 
600-800 

800-1000 

1001-5000 
5001-9000 

>9000 

o 100 

number of vacc lnees 

200 300 400 500 600 
number of vaccinees 

Fig. 1. Post vaccine responses: quantitation by Amerlite antiHBs assay. 
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100 "/0 

75 0/0 

50"/0 

25 0/0 

15-20 21-30 ~1-50 51-100 

age range 

~ Immune _ negative ~ poor response 
A 

15-}O 21-30 31-~0 ~I -50 51-100 

age range 

~ Immune _ negative t::a poor response B 

Fig. 2. A Responses to hepatitis B vaccine, age ranges-females; B Responses to hepatitis B 
vaccine, age ranges~males 

Conclusion 

The accurate quantitation of immune status is of importance in planning 
revaccination intervals and will continue to be of importance as other 
vaccines are developed and a wider range of individuals are immunized. The 
quantitation of antiHBs over a wide dynamic range is of importance in 
health care planning, for example to decide on revaccination intervals, to 
assess the immune status of contacts, and to advise health care staff about 
their risk. The enhanced luminescent method provides an efficient method of 
quantitation over a wide dynamic range: such systems will become increas
ingly important in infectious disease serology. 
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Comparative molecular biology of flaviviruses and hepatitis C virus 

F. X. Heinz 

Institute of Virology, University of Vienna, Vienna, Austria 

Summary. Currently available sequence information suggests that the 
genome organization of hepatitis C virus is similar to that of fiaviviruses. A 
positive-stranded genomic RNA contains a single long open reading frame 
(ORF) which is fianked by 5' and 3' noncoding sequences. This RNA codes 
for structural proteins at the 5' end (starting with the capsid protein) and a set 
of nonstructural proteins in the remainder of the genome. The latter provide 
essential virus-specific functions for the viral life cycle, such as protease, 
helicase, and RNA replicase activities. The sequence motifs characteristic of 
the corresponding functional protein domains are separated by similar 
spacings in the nonstructural regions of hepatitis C virus and fiaviviruses. 
The structural region of the hepatitis C virus appears to consist of a capsid 
protein which is larger than that of fiaviviruses and two putative envelope 
proteins which are presumably different in molecular weight and much more 
heavily glycosylated than their counterparts in fiaviviruses. A study group of 
the International Committee on the Taxonomy of viruses proposes to 
include hepatitis C virus as a genus into the family 'fiaviviridae'. 

Introduction 

The family fiaviviridae was recently established as a separate family from the 
togaviridae due to fundamental differences in genome structure and replica
tion cycle. To date, about 70 different but serologically related fiaviviruses 
have been identified. Most of these are arthropod-borne, being transmitted to 
their vertebrate hosts by chronically infected mosquitoes or ticks. Several 
fiaviviruses are important human pathogens. The highest annual disease 
rates for fiaviviruses are caused by yellow fever (YF), Japanese Encephalitis, 
Dengue, and tick-borne encephalitis (TBE) virus [for review see ref. 16]. 

Flaviviruses are spherical, enveloped, positive-stranded RNA viruses 
with a diameter of about 50 nm. Mature particles contain three distinct 
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structural proteins: capsid (C); envelope (E); and membrane (M). The single
stranded genomic RNA is about 11,000 nucleotides in length and carries 
a cap structure at its 5' end [for review see ref. 2]. It was generally believed 
that flavivirus RNAs are not polyadenylated but recent evidence indicates 
the presence of poly A tracts in certain strains of TBE virus [14]. The viral 
RNA contains a single long open reading frame of about 10,000 nucleotides 
which is flanked by 5' and 3'-noncoding sequences of95 to 132 and 385 to 585 
nucleotides, respectively. The 3'- noncoding sequence of some TBE viruses 
seems to be much shorter (114 bases). The genomic RNA serves as the only 
viral messenger and translation of the ORF gives rise to a polyprotein which 
is proteolytically processed into at least 11 different proteins. The 5' quarter 
of the genome encodes the structural proteins (C-prM(M)-E), whereas a set of 
nonstructural proteins is encoded by the rest of the genome (NS1- NS2A 
- NS2B - NS3 - NS4A - NS4 B - NS5) [Fig. 1 A]. Characterization of the 
cleavage sites by amino-terminal and carboxy-terminal sequence analyses as 
well as the intracellular localization of individual proteins provide evidence 
that at least three proteases (both cellular and viral) are involved in the 

A 

8 

Flavivirus (YF) Polyprotein 

3411 a a 
~~-----.---.-,,,-------.,--.----------, 

Protease 

Hepatitis C Virus Polyprotein 

? ? ? 
I I I 

2886 aa 

I 

eOOH 

NH2 e !gp1! gp2 ! NS3 analogue NS5 analogue eOOH 

Replicase 
Protease 

Fig. 1. Polyproteins of flaviviruses (A) and hepatitis C virus (B) 

Protease domain: CD H 

Helicase domain: W GXGKT 
[] 

(2) D (] GXSGXP 

[lJ DEAH (DECH in hepatitis-C) 
GRXGR 

Replicase: <i> GDD 
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co translational and posttranslational processing of the polyprotein: The 
cellular enzyme signalase, a viral protease which is associated with the 
non structural protein NS3 (see below) and a cellular Golgi protease. 

Recently an ingenious approach was used to clone and sequence the 
genome of hepatitis C virus [3J, which was previously suspected of bearing 
resemblance to viruses of the togavirus family. A large part of the genomic 
RNA sequence was elucidated and this for the first time allowed sequence 
comparisons to be made with other known viruses [10, 15]. The sequence 
was further extended to the 5'- noncoding region [17, 21J thus revealing an 
RNA genome of about 10 kilo bases which contained a single long open 
reading frame coding for at least 2886 amino acids (Fig. 1B). The analysis of 
this sequence (discussed in more detail below) suggests a genome organiza
tion similar to that of flaviviruses. A study group of the 'International 
Committee on the Taxonomy of Viruses' therefore proposes to include 
hepatitis C virus as well as the related pestiviruses as individual genera in the 
family flaviviridae. 

Structural proteins 

The structural proteins of flaviviruses are encoded at the 5' end of the 
genomic RNA in the order C -prM(M)-E. While the C protein is a 
cytoplasmic protein, both prM and E are amphiphilic membrane proteins 
which carry carboxy terminal membrane anchors. The polyprotein must 
therefore provide sorting signals, which allow the generation of one cytoplas
mic protein and two separate identically oriented membrane proteins upon 
translation from a single messenger RNA. This is accomplished by a specific 
set of internal signal sequences [22J and stop transfer sequences, which direct 
the nascent polypeptide chain into the lumen of the ER and anchor 
individual proteins to the ER membrane in their correct orientation [23]. 

The whole process is believed to proceed as follows (Fig. 2): An internal 
signal sequence at the carboxy terminus of protein C causes transport of the 
nascent protein through the ER membrane. The signal sequence is cleaved 
off by signalase, which thus generates the N-terminus of the prM protein. 
The C protein is presumed to be liberated from the membrane, probably by 
the action of a viral protease. The transfer of pr M is stopped by a 
hydrophobic sequence which is immediately followed by a second internal 
signal sequence for the cross-membrane transport of protein E. Again, this 
signal sequence is cleaved off by signalase. According to this scheme, both 
prM and E are anchored to the membrane by two hydrophobic stretches of 
amino acids. The last of these functions as a further internal signal sequence 
for the first nonstructural protein NSl. Virus assembly apparently occurs at 
intracellular sites. First, immature virions containing the protein C, prM and 
E are formed [20]. The proteolytic cleavage ofprM into M, presumably by a 
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SYNTHESIS OF FLAVIVIRUS STRUCTURAL PROTEINS 

RNA 

5 ' --1L-__ C_----L __ p_ r M_---'-_M_ ---'-_ _____ E ______ ..... l ~~~~~~~~~. 3' 

c 

prM 

Vi ral? 
protease 

E 

post -Goigi 

Lumen of ER 

• NS1 
ER 

memb rane 

Cytoplasm 

Fig. 2. Synthesis of the ftavivirus structural proteins. Translocation through the ER 
membrane and membrane integration is accomplished by consecutive internal signal 

sequences I and stop transfer sequences [] 

post-Golgi protease [19J, apparently represents a late event in virus matura
tion and yields fully infectious virions. 

Based on this background the following considerations suggest that the 
5'-terminal part of the hepatitis C virus RNA codes for a capsid protein 
and probably for two membrane-associated glycoproteins (Fig. 3). The 
N-terminus of the polyprotein is enriched in basic amino acids, characteristic 
of proteins associating with nucleic acids. It is therefore likely that approxim
ately the first 160 amino acids code for the capsid protein. The following 
sequence contains a total of 16 potential N-glycosylation sites. For gly
cosylation, this part of the protein must be transported into the lumen of the 
ER. This could be accomplished by a hydrophobic stretch of amino acids 
between residues 170 to 190, which may function as an internal signal 
sequence. Following five N-glycosylation sites we encounter a structural 
element (residues 347 to 390) similar to those described above for flaviviruses: 
A stop transfer sequence consisting of hydrophobic amino acids and a 
positively charged amino acid (Lys) is followed by a second potential internal 
signal sequence. This could give rise to a second glycoprotein containing 11 
N-glycosylation sites. Although the final identification of these proteins will 
require N- and C-terminal sequence analysis, the analogy to flaviviruses 
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makes it possible to predict that this part of the hepatitis C virus ORF 
encodes a capsid protein and two heavily glycosylated membrane proteins. It 
remains to be shown, however, whether both glycoproteins are structural 
components of the virion. 

N onstructural proteins 

For the replication of flaviviruses in infected cells, several essential virus
specific functions are provided by nonstructural proteins. These include viral 
proteases, RNA dependent RNA-polymerases, and probably helicases, 
similar to all positive-stranded RNA viruses of plants and animals [6]. 
Although NS1 has been implicated as being involved in virus assembly, its 
function is presently unknown. The same also holds true for the proteins 
NS2Aj2B and NS4Aj4B. Functional activities, however, were ascribed to 
NS3 and NS5, either by sequence homologies with other proteins of known 
function, or directly by the use of functional assays. 

NS3 apparently represents a bifunctional protein which carries an 
N-terminal protease domain related to cellular trypsin-like serine proteases 
[1, 8J, and C-terminal sequence motifs characteristic of helicases [7,9, 12]. 
The protease activity in the N-terminal domain of NS3 was recently verified 
using in vitro transcription and translation of Dengue type 2 cDNA 
constructs [18]. Sequence comparisons and structural modelling suggest 
amino acids that are crucial for catalytic activity and substrate binding. 
Specifically H 53, D 77, and S 138 (YF virus numbering) are believed to 
represent the catalytic triad of the flavivirus protease. The same residues are 
also found with practically identical spacings in the hepatitis C virus 
polyprotein at positions 1083, 1107, and 1165. The serine is part of the 
conserved motif GXSGXP which is a general characteristic of the nucleo
philic site of serine proteases [8]. 

In addition to this N-terminal protease domain, NS3 contains sequence 
motifs characteristic of nucleoside-triphosphate binding (NTPase) or heli
case enzymes which are also found in other positive strand RNA viruses of 
animals and plants [7,9, 12]. The synthesis of proteins with helicase activity 
is probably necessary for the unwinding of "Replicative Form" RNA 
molecules in the course of genome replication. The positions of the most 
highly conserved sequence elements are indicated in Fig. 1. These are 
GXGKT, DEAH, and GRXGR for flaviviruses and are found in NS3 of YF 
virus at residues 201 to 205, 289 to 292, and 463 to 467, respectively. The 
homologous motifs GSGKS, DECH, and GRTGR are found at residues 
1233 to 1237, 1316 to 1319, and 1489 to 1493 in the hepatitis C virus 
polyprotein. 

The largest nonstructural protein (NS5) shows the highest degree of 
conservation among all flavivirus-specific proteins and is thought to repres-
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ent the RNA-dependent RNA-polymerase, although direct proof is still 
lacking. The RNA-polymerase was functionally identified for poliovirus, 
[4, 13J and by sequence comparison characteristic sequence motifs were 
found in the homologous proteins of all other known positive stranded RNA 
viruses of animals and plants [11, 6]. The invariant ODD sequence is found 
at positions 666 to 668 in the YF virus NS5 and at positions 2737 to 2739 in 
the hepatitis C virus polyprotein (Fig. 1). 

Concluding remarks 

From extensive computer-assisted sequence comparisons using different 
data banks it became clear that hepatitis C virus is not closely related to any 
of the RNA viruses thus far described, despite restricted amino acid 
similarities with pestiviruses, flaviviruses and certain plant viruses [15]. 
However, sequence motifs characteristic of nonstructural proteins of all 
positive-stranded RNA viruses of animals and plants (protease, helicase, 
RNA dependent RNA polymerase) can readily be identified in the hepatitis C 
virus sequence. It is striking to note, that not only the spacings between 
individual elements of a given functional domain but also between each of 
the domains for protease, helicase and polymerase activity are almost 
identical in flaviviruses and hepatitis C virus. In the latter case, however, this 
whole nonstructural sequence block seems to be shifted closer to the 
N-terminus of the polyprotein (Fig. 1). Assessment of the recently published 
5' -terminal sequences of the hepatitis C virus genome suggests considerable 
differences to the structural region offlaviviruses. Specifically, the hepatitis C 
virus capsid protein is considerably larger and the two putative membrane 
proteins are potentially much more heavily glycosylated than their flavivirus 
counterparts. Nevertheless, the gene order of both the structural and the 
nonstructural proteins seems to be similar, thus justifying the inclusion of 
hepatitis C virus into the family flaviviridae. 

It is currently believed that the evolution of positive stranded RNA 
viruses occurs by two major mechanisms: Divergency from a common 
ancestor and interviral recombination, by which sets of genes may be 
exchanged among different viruses [6]. This has led to the concept of 
modular evolution, i.e. new viral RNA genomes may be generated by the 
mixing and joining of gene modules [5, 24]. Further studies, especially on the 
location of individual proteins and the processing of the polyprotein, will be 
necessary to gain more insight into the biology of hepatitis C virus and its 
evolutionary relationship to other viruses. It is nevertheless exciting and 
satisfying to see how much information on the molecular aspects of virus cell 
interactions can be obtained by the comparative analysis of sequence data 
alone. 
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Hepatitis C viral RNA in serum of patients with chronic non-A, 
non-B hepatitis: detection by the polymerase chain reaction using 

multiple primer sets* 
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Diseases, National Institutes of Health, Bethesda, MD, USA 

Summary. The recently introduced antibody test for hepatitis C virus (HCV) 
infection has proven to have certain limitations. Since HCV itself is usually 
present in clinical specimens at very low titers, a useful assay for the virus 
must have very high sensitivity. We have developed a simple, highly sensitive 
assay for HCV RNA based on the polymerase chain reaction (PCR). In this 
test, RNA extracted from HCV infected serum or plasma is used as the 
template for double PCR with nested primers. Sensitivity studies demon
strate that this assay is able to detect HCV at or beyond the sensitivity level 
of chimpanzee infectivity. We tested, with several sets of nested primers, 40 
patients with chronic non-A, non-B hepatitis (36 seropositive and 4 seroneg
ative) and found that 35/40 were PCR positive including all 4 seronegative 
patients. Normal human plasma and plasma from hepatitis B infected 
patients did not react in this test. This assay has proven to be valuable for 
determining the presence of HCV in various samples; furthermore, it offers 
the possibility of diagnosis of HCV infection in seronegative patients. 

Introduction 

Hepatitis C virus is considered one of the agents of the formerly termed 
parenterally transmitted non-A, non-B hepatitis (NANBH). Recently, a 
group at Chi ron Corporation revealed that the viral genome is a positive 

* Informed consent was obtained from all patients according to the guidelines for 
human experiments of the U.S. Department of Health and Human Services. 
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sense, single stranded RNA of approximately 10 kb in length with a single 
long open reading frame [3]. The same group also developed an ELISA test 
specific for HCY antibodies that is now commercially available and that uses 
an expressed viral peptide termed C-100 as the antigen [9]. This test appears 
to be incapable of avoiding false positives, therefore, requiring confirmatory 
tests (such as the RIBA-HCY or the neutralization test) that are constantly 
being improved in order to give reliable results. It should also be noticed that 
since the mean time to seroconversion is about 5 months after exposure to 
the virus [1J, this antibody test lacks the ability to diagnose recently infected 
patients. Furthermore, it may not correlate well with the presence of 
infectious virus. Since HCY is usually present in clinical specimens at very 
low titers and an appropriate tissue culture system has not yet been 
established, other types of assays with very high sensitivity must be used in 
order to detect virus or virus-related products. 

We have developed a simple, highly sensitive assay for hepatitis C viral 
RNA based on the polymerase chain reaction (PCR). Using this assay we 
have been able to detect HCY RNA in clinical samples such as anti-HCY 
negative acute and chronic patients as well as anti-HCY positive chronic 
patients, and in samples from experimentally infected chimpanzees. Such an 
assay should be valuable whenever it is important to detect the presence of 
infectious HCY. 

Methods 

Subjects. In order to establish the assay, we used RNA extracted from liver of a chimpanzee 
acutely infected with the H strain [6]. To determine the sensitivity of the assay we made 
serial dilutions of several samples whose infectivity titer had been previously determined in 
chimpanzees. We also studied 40 patients (31 male, 38 caucasian) with chronic NANBH who 
were being evaluated at the National Institutes of Health for inclusion in a trial of alpha 
interferon therapy [5]. All patients had elevations of serum aminotransferase values for at 
least 12 months, and all had a history of previous parenteral exposure to blood or blood 
products. Their clinical, serum biochemical and histopathological characteristics are shown 
in Table 1. Plasma or serum was collected at the time of entry into the therapeutic trial 
and stored at -70°C until tested. All serum or plasma samples were tested for anti-HVC 
by commercially available enzyme-linked immunoassay (Ortho HCV ELISA). As control 
samples, we tested serum from 2 patients with chronic hepatitis B and from 7 normal 
individuals under the same conditions. 

RNA extraction. 200 J.il of serum or plasma samples were extracted by mixing each with 
550 ul of extraction buffer (4.4 M guanidinium isothiocyanate, 0.5% sodium lauryl sarkos
ate [2J, and 5 mM Tris-HCl pH 8.0), followed by one phenol-chloroform extraction and one 
with chloroform alone. The total nucleic acid extracted by this procedure from 200 J.il of 
serum or plasma, was resuspended in 200 J.il of RNase-free water and 4 J.il of RNasin 
(40,000 J.i/ml) and used as the template in the PCR reaction. 

PCR method. The PCR primers were synthesized according to the published HCV 
sequence [8]. A first screening of the samples was carried out with one set of nested primers 
(Table 2, no. 2). The PCR negative samples were subsequently retested with several sets of 
nested primers that are located in different regions of the HCV genome (Table 2). 
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Table 1. Clinical characteristics of 40 patients with chronic 
non-A, non-B hepatitis 

Mean age (yrs) 
Mean duration hepatitis (yrs) 
Mean serum AL T (u/L) 
Mean serum AST (u/L) 

Source of hepatitis (%): 
Transfusion 
IV Drug Abuse 
Occupational exposure 

Liver histopathology (%): 
Chronic persistent hepatitis 
Chronic active hepatitis 
Cirrhosis 

44.2 (range 20-69) 
3.7 (range 1.1-22) 

246 (range 63-835) 
125 (range 40-436) 

63% 
25% 
13% 

8% 
78% 
15% 

The first PCR reaction was combined with the reverse transcription step in the same tube 
containing a 100 J.!I reaction mixture made up as follows: 25 J.!I of serum or plasma nucleic 
acid extract, 0.5 mM of each outer primer, 200 mM of each of the 4 deoxynucleotide 
triphosphates, 2.5 units of Taq DNA polymerase (Perkin-Elmer Cetus), 10 units of avian 
myeloblastosis virus reverse transcriptase and [Ix] Taq buffer consisting of 10 mM Tris
HCI pH 8.3, 50 mM KCI, 1.5 mM MgClz and 0.01 % gelatin. The thermocycler (Perkin
Elmer Cetus) was programmed to first incubate the samples for 20 minutes at 43°C for the 
initial reverse transcription step and then to carry out 35 cycles consisting each of 94°C for 
1 minute, 45°C for 1.5 minutes and 72 °C for 3 minutes. For the second reaction, either 1 or 
10 J.!l were removed from the first reaction, and were added to a tube containing the second 
set of primers and all the other reagents but no reverse transcriptase. PCR was then carried 
out for another 35 cycles as described for the first reaction with the only difference that the 
extension step at 72 °C lasted 1.5 minutes instead of 3. The PCR products were analyzed by 
electrophoresis on 1 % agarose gels containing 0.5 J.!g/ml ethidium bromide. The gels were 
viewed and photographed on a UV light box. 

Results 

PCR amplification ofHCV RNA from infected chimpanzee liver resulted in a 
product of the expected size, even when 1 III of the extract (containing 2.6 Ilg 
of total RNA) was diluted up to 104 . This specimen was therefore used as a 
positive control in all further experiments conducted on serum samples. 

Studies of the sensitivity of this assay showed that the PCR technique was 
able to detect HCV RNA at or beyond the level of chimpanzee infectivity. 
Thus the H plasma that had been shown infectious at a dilution of 1O- 6/ml 
but not at 10- 7 in chimpanzees, had a PCR titer of 107 . 5/25 III (Table 3). Sera 
from 2 clinical samples titered 101.5 and 102 . 5/25 III (Table 3). This finding is 
in keeping with the generally low infectivity titers of HCV in blood, as has 
previously been reported [6]. The PCR product synthesized from HCV 
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Table 3. Sensitivity of the PCR assay 

Sample 

H strain (human plasma)" 
F strain (human plasma)" 

Acute chimp liver 
Chronic patient (K.) 
Acute patient (H.F.) 

" See reference no. 6 

Chimp infectivity titer 

106 . 5 CID/ml 
~ 10°, ~ 102 CID/ml 

Unknown 
Unknown 
Unknown 

PCR titer 

107/25 I·Ll 
10 1/25 )11 

104 /1 )11 
10 1/25 )11 
102/25 )11 

RNA was not detectable after the first PCR reaction in most clinical samples, 
the H serum being the only exception because of its high titer. 

A group of 40 patients with chronic NANBH were tested for HCV RNA 
by PCR. Of these, 36 had anti-HCV by the ELISA assay and 4 were 
seronegative. In preliminary studies, 16 of the seropositive patients and none 
of the seronegative patients had HCV RNA in their plasma. Patients with 
HBV infections and patients without liver disease did not react in the test. 
The first screening was carried out with a set of nested primers whose 
sequences fall in the predicted protease/helicase coding region of the HCV 
genome that has some sequence conservation among flaviviruses. Since we 
knew that our test had very high sensitivity and that there is a very high 
degree of sequence variability in HCV isolates, all the PCR negative patients 
were subsequently retested with several sets of nested primers located in 
different positions between the 5' and the 3' ends of the HCV genome. During 
this process, we selected, the sets of primers that proved to be capable of 
detecting HCV RNA more frequently than the others (Table 2). These 
primers produced PCR products between approximately 400 and 600 bp. 
The use of several sets of primers greatly improved the sensitivity of the PCR 
test by increasing the number of anti-HCV positive, PCR-positive patients 
from 16 to 31/36. Moreover, with these modifications to our procedure, we 
were able to diagnose HCV infection in all the four seronegative patients. In 
several instances where we had PCR failures and subsequently sequenced the 
DNA across the region covered by the primers, we found enough divergence 
in the target sequence compared to the Chiron sequence from which the 
primers were made, to account for the lack of amplification (data not shown). 

In order to simplify the use of multiple primer sets we tried a co
amplification approach. In these experiments, still based on double PCR 
followed by electrophoresis, three primer sets were successfully combined 
together in the same PCR reaction mix, showing the ability to co-amplify 
multiple target regions of the HCV genome. These primer sets were selected 
in order to obtain three PCR products not overlapping and with distinctive 
sizes. This procedure that needs further investigation, has the important 
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advantage of making this Hey peR test less expensive and less time 
consuming and therefore more suitable for routine analysis. 

Discussion 

Due to a high degree of sequence variability, it has been found necessary to 
test clinical samples with several sets of nested primers. However, it appears 
that the use of multiple primer sets from diverse regions of the genome in one 
and the same reaction will yield similar results. We have recently cloned and 
sequenced the 5' end of the genome of the H strain of Hey (Wychowski, in 
preparation), whereby the sequence of the non-coding region (approximately 
the first 350 nucleotides) was found to be more than 98% identical to the 
sequence that has recently been published [10]. It should be possible to make 
primers based on this sequence that will be able to amplify most if not all 
Hey RNA's. Such primers are currently being tested and may substitute for 
the multiple primer approach described in this paper. 

Recent reports demonstrate a close relationship between peR results and 
infectivity of blood donors [7]. Since the peR assay is a measure of the viral 
RNA, it should correlate well with infectious virions as it is not likely that 
there is free viral RNA in the plasma. We have determined that the peR 
assay does, in fact, correlate with infectivity in a general way, but it is 
important to determine if it can be used as a reliable measure of infectivity. 
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Detection and characterization of hepatitis e virus sequence in the 

serum of a patient with chronic HeV infection 

E. Schreier!, K. Fuchs2, M. Hohne!, M. Motz3 , R. Zachoval4 , J. EstebanS, S. Dittmann!, 
F. Deinhardtl, and M. Roggendorf2 

! Robert Koch-Institute of the Federal Health Office, Berlin 
2 Max-von-Pettenkofer-Institute, University of Munich 

3 Mikrogen, Munich 
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Summary. A cDNA fragment corresponding to the non structural gene 
region of Hepatitis C virus was cloned and sequenced. cDNA was obtained 
by reverse transcription of viral RNA extracted from serum of a German 
patient with chronic post transfusion hepatitis. "Nested" PCR resulted in a 
cDNA fragment of 345 nt. The sequence showed a homology of 96% to the 
American prototype HCY. 

* 
Recently, the polymerase chain reaction (PCR) has been developed for 
detection of viral RNA of Hepatitis C virus (HCY) in serum samples [1, 2]. 
We have amplified, cloned and sequenced a part of the HCY genome from 
a serum sample of a German patient (MOl) with chronic post transfusion 
hepatitis. 

Three sets of primer pair sequences which correspond to the NS3/NS4 
region of HCY, synthesized according to the prototype HCY sequence 
(ptHCY) [3J were used for "nested" PCR technique (Fig. 1, Table 1). 

RNA isolation from 500 ).11 serum was done by a 3 h incubation at 45 DC in 
50 mM Tris/HCl pH 8.0, 100 mM NaCl, 10 mM EDT A, 4% SDS, 3 mg/ml 
Proteinase K and subsequent extraction of aqueous phase with phenol/TE, 
phenol/chloroform and chloroform. One-fifth of the RNA preparation was 
reverse transcribed into cDNA with the synthetic antisense primer MRMM3 
using 20 units of AMY reverse transcriptase (Boehringer/Mannheim, FRG). 



180 E. Schreier et al. 

NS: 

3:6 4.1 vRNA 
I I 11--3, 

eDNA MR/MM3 

MR/MM4 388bp/PCR 

1.1 345bp/PCR 2.1 

pOl p02 , .... .---.. ..... 
lllbp/PCR 

Fig. 1. Scheme of the amplification of a cDNA fragment from the nonstructural region of 
HCV by "nested" PCR 

Table 1. Primer sequences and expected product size after PCR: Nucleotide positions are 
numbered according to the ptHCV sequence [3]. Restriction sites (EcoRI/HindIII) intro

duced to facilitate subsequent cloning of PCR products are underlined 

Primer Sequence (5'->3') Nucleotide Product 
positions size 

MRMM3 GGCTGGTGACAGCAGCTGT 4050--4032 
antisense 388 bp 

MRMM4 GCCGCGTATTGCCTGTCA 3663-3680 
sense 

2.1 AGCAAGCTTTAGGCGGGGTTACCAGG 4010-3996 
antisense 345 bp 

1.1 ACTGAATTCCTGCGTGGTCATAGTGG 3686-3702 
sense 

p02 AAGCTTACGGTAAGT 3802-3793 
antisense 111 bp 

pOl GAATTCGCAGGGTCG 3703-3711 
sense 

In accordance with the method originally described by Saiki et al. [4], the 
cDNA was amplified adding the sense primer MRMM4 using a Gene Amp 
DNA amplification reagent kit (Perkin-Elmer Cetus, CT, USA). After an 
initial 2 min denaturation at 92 DC, 35 cycles of PCR were carried out on all 
samples as follows: denaturation for 1 min at 92 DC, annealing of primers for 
2 min at 37D, and extension for 3 min at 72 DC. The amplified cDNA 



Characterization of hepatitis C virus sequence 181 

2 3 4 5 6 
bp 

-369 

-123 

Fig. 2. Southern blot of PCR products of cDNA from serum of patient MOJ. Hybridization 
was done with the digoxigenin labelled synthetic DNA probe of 100 nt. Lane 1 "nested" PCR 
products with primer set pOl/p02; 2 PCR products with primers 1.1/1.2; 3 "nested" PCR 
products with primer set 1.1/ 1.2; 4 PCR product with primer set MRMM3/ MRMM4; 5 and 
6 Constructs of PCR using the cloned HCV fragment as template, lane 5 contains a 1 : 10 

dilution of template concentration used in lane 6 

fragments were analyzed on a 1.8% agarose gel. Bands were visualized by 
ethidium bromide staining. 

The specificity of the PCR products was demonstrated by hybridization 
with a digoxigenin labelled probe of 100 nucleotides generated from syn
thetic oligodesoxynucleotides of the same region (nt 3703-3802 of ptHCV 
sequence) and cloned in pGem-2. The probe has no sequence overlap to 
primers 1.1 and 2.1 (Fig. 1). Figure 2 shows the Southern blot ofthe expected 
PCR products of 345 and 111 nt hybridized with the synthetic probe. 

The amplified "nested" PCR fragment of about 345 bp was excised from 
the agarose gel, purified, and cloned into the EcoRIjHindIII site of pUC8 
[5]. 

The HCV was determined by the dideoxynucleotide chain termination 
method [6J on alkaline denaturated recombinant plasmid DNA [7J of three 
independent clones. The sequence of 293 nucleotides of our HCV isolate of 
the NS3 jNS4 region is given in Fig. 3. We compared this sequence of the 
cDNA fragment with the ptHCV sequence [3J and with sequences of 5 
isolates from Japanese patients with chronic Hepatitis Non-A, Non-B [8J 
(Fig. 3). The sequence of the cDNA fragment from our isolate MOJ shows 
extensive homology to pT HCV. Only 12 different nucleotides (indicating 
96% homology) and 4 amino acid differences [A-T (2x), T-V, V-IJ were 
observed. However, to the 5 Japanese isolates our HCV sequence showed 
only about 76% homology at the nucleotide level and about 80% homology 
at the amino acid level. These results indicate that our isolate is highly 
conserved in the NS3 jNS4 gene region as compared to the ptHCV isolate. 
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a 3703 GCAGGATCGTCTTGTCOGGGAAGCOGGCAATTATACCTGACAGGGAAGTCCTCTACOGGG 
b -----G-------------------------C--------------------------11.-
c -11.--
Cl 

e -11.11.-
f -c--
9 -11.--

a 3763 AGTTTGATGAGATGGAAGII.GTGCTCTCAGCACTTACCGTACATCGAGCII.II.GGGATGATGC 
b ----c-------------------------------------------------------
c ----------------G------G-CTCA---C-T--T--------A-----II.---CA--
Cl ----C-----------G------G--TCA---C-C--T--------II.--G--II.---CG--
e ----C--C--A------------G-CTCA---C-T--T--------A--G--A---CA--
f ----C-----II.-----------TG-CTCA---C-C--T--------A-----II.---CA--

9 ----------------G------G-CTCA---C-T--T--------A-----II.---CA--

a 3823 TCGCCGAGCII.GTTCII.AGCAGAAGGCCCTCGGCCTCCTGCAGII.CCGCGTCCCGTCAGGCAG 
b 

c ----------II.--------------G-----G--G-----II.--A--C---II.II.G--A--G-
d ----------II.--------------G-----G--GT-------A--CII.--II.II.G--II.--G-
e ----------II.-----------II.--G-----TT-G--------A--TII.--II.II.G--II.--G-
f -------A--A--------------G-----GT-G-----II.--G--CA--II.II.G--II.--G-

9 ----------A--------------G-----G--G-----II.--G--C---AAG--A--G-

a 3883 AGGTTATCACCCCTACTGTCCAGACCAACTGGCAAAII.ACTCGII.GGTCTTCTGGGCGII.AGC 
b --------G-----G-----------------------------II.C--------------
c ---C-GCTG-T--CGTG--AG--T----G------GCC--T----C--------------
Cl ---C-GCII.G-T--CGTG---G--T-T--A----GGGCT--T---II.C--------------
e ---C-GCAG----CGTG--GG--T----G----GGGCC--T---ACT-------------
f ---C-GC-G-T--CGTG--GG--T----G----GT-CC--T----C--------------

9 ---C-GCTG-T--CGTG--II.G--T----G------GCC--T----C--------------

a 3943 ACATGTGGAII.CTTCATCAGTGGGATACAII.TII.CTTGGCAGGCCTGTCAII.CGTTG 
b -T-----------------------------------G---T--------C--
c -------------------C--------G--TC-A------T----C--cc--
d ----------T--------C--------G---C-A------T----C--TC--
e ----------T--------C--------------II.------T-II.--C--T---
f ----------T--------C------------C-II.------T----C--TC--

9 ----------TC-------C--------G--TC-A------T----C--cc--

Fig. 3. cDNA sequences of the putative nonstructural gene region of HCV: nucleotide 
positions are numbered according to the ptHCV sequence [3J; a sequence from our isolate, 

b ptHCV sequence; c- g sequences from 5 Japanese isolates [8J 

Further studies on the structural and nonstructural genes are necessary to 
demonstrate that our isolate is closely related to the ptHCV. The low 
homology to the Japanese isolates described by Kaneko et al. [8J confirms 
findings from Okamoto et al. [9J and Takeuchi et al. [lOJ that there are two 
types of isolates in Japan, one closely and one distantly related to ptHCV. 
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Sequence analysis of PCR amplified hepatitis C virus cDNA from 
French non-A, non-B hepatitis patients 

J. Li, S. Tong, L. Vitvitski, and C. Trepo 

INSERM U-271, Lyon, France 

Summary. Using nested PCR and hybridization techniques, it was found that 
the predominant HCV strain in France is related to the U.S. strain rather 
than to Japanese isolates. 

* 
Hepatitis C virus (HCV) is a plus strand RNA virus with a 10 kb genome. 
Significant sequence divergence has been found between the prototype U.S. 
HCV strain and Japanese HCV isolates [1-3]. Sequence data of HCV 
strains circulating in other parts of the world would be extremely useful in 
estimating the variability of the viral genome as well as in the efficient 
detection of HCV infection by PCR and design of effective HCV vaccines. 
We have recently succeeded in detection of HCV infection in France by the 
nested PCR. PCR products were cloned into M13 vector and sequenced. A 
407 bp sequence in the NS3 region was determined for 4 such cases. The 
nucleotide sequence in 3 of the 4 cases showed 97-98% homology to the 
prototype HeV strain, while the remaining case had a sequence moderately 
(92%) related to the Japanese strain [1]. At the amino acid level, the first 3 
isolates were 97-98 % homologous to the U.S. strain while the 4th isolate 
was 97% homologous to the Japanese strain. Hybridization experiments 
involving more samples suggested that the predominant HCV strain circu
lating in France is closely related to the prototype U.S. strain rather than to 
the Japanese isolate. It will be of interest to learn whether there is a similar 
prevalence of the prototype-related HCV strains in other European 
countries. 
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Antigenicity of synthetic peptides derived from CIOO protein 

of hepatitis C virus 
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P. SoldanP 

1 Dipartimento di Biologia Molecolare, Universita di Siena, 2 Servizio di 
Immunoematologia, Siena, Italy 

Summary. Synthetic octapeptides spanning the 119-147 region of the 
Hepatitis C Virus (HCV) ClOO protein were tested on HCV positive sera. The 
138-145 region proved to be antigenic and possibly able to avoid undesired 
cross-reacti ons. 

* 
Seroepidemiological studies suggest that HCV is a major cause of non-A, 
non-B hepatitis (NANBH) [2]. Although a test based on the single HCV 
non-structural ClOO protein is at present available it is necessary to prevent 
any cross~reactivity of the antigen used with unrelated viral proteins [3]. 

The amino acid sequence of ClOO protein was divided into overlapping 
octapeptides (Fig. 1) and compared with all the viral sequences available in 
a protein database (National Biomedic Research Foundation, NBRF), using 
the SCAN routine of the P.I.R. (Protein Identification Resource, NBRF) 
software package. The 119-147 region, corresponding to an epitopic area in 
the hydrophobicity profile, showed sequence homologies with the following 
viral products: Simian Immunodeficiency Virus (gag polyprotein residues 
7-11), Epstein-Barr Virus (ECRF protein, residues 57-61), Varicella-Zoster 
Virus (gene 22 and 32 products residues 841-845 and 136-143 respectively) 
(Fig. 2a). No matches with other viral proteins were found in the regions 
shown in Fig. 2b. 

Twenty-two octapeptides spanning the 119-147 region were concur
rently synthesized on activated polyethylene rods using the 9-fiuorenyl
methyloxicarbonyl (Fmoc)jt-butyl protecting group combination and the 
highly activated pentafiuorophenyl esters (Epitope Scanning Kit, CRB, 
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Fig. 1. Sequence of the overlapping octapeptides in the 119-147 region of HCY ClOO 
protein 

a 

b 

119yLSGK P A I 
7V LS GK K A D 

122G K P A I I P D 

Gag polyprotein Simian Immunodeficiency Virus 

1606G K PA I N V Q Genome Polyprotein Murray Valley Enchephalitis Virus 

124pAIIP D R E 
141pA II PTE E Probable early El3 21K protein Mastadenovirus 

126p AI I P DR E V L 
136p A I I P D R E Q P Gene 32 Protein Varicella-Zoster Virus 

135REFDE M E E 
841R E F DEL S R Gene 22 Protein Varicella-Zoster Virus 

128pDREV L Y R 
57p D REV A H L Hypothetical ECRF4 Protein Epstein Barr Virus 

144S 9 HLP Y E 
57sgHLPEL Haemagglutinin praecursor Influenza A Virus 

(strain A/DuckiAlberta) 

131EVLYREFD 

137FDEMEECS 

DEMEECSQ 

EM E E C S Q H146 

Fig. 2. a Identically matching pentapeptides in HCY ClOO protein (119-147 fragment) and 
other viral proteins, revealed with the P.I.R. program package. b Fragments in the 119-147 

region showing no homologies with other viral proteins 
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Fig. 3. Reactivity in ELISA of the overlapping octapeptides. The letters indicate the first 
amino terminal amino acid shown in Fig. 1. Peptides were reacted with HCV positive blood 
donors sera (HCV2+, HCV3+, HCV4+) and with an HCV negative serum (HCV4-). 
Each value was the mean oftwo determinations. Antibody binding activity for each peptide 
is shown as a vertical line proportional to the absorbance value obtained after subtracting 
the background absorbance value. a HCV2+ ., HCV4- ~; b HCV3+ ., HCV4- ~; 

c HCV4+ .; HCV4- ~ 
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Cambridge, UK). Side chain deprotection was obtained by the cleavage 
mixture of trifluoroacetic acid/phenoljethanedithiol (95: 2, 5: 2,5) [1]. 

Support-coupled peptides were tested for their ability to bind anti
bodies both from HCV positive blood donors sera (Fig. 3 a, b, c) and from a 
patient with chronic non-A, non-B Hepatitis (Fig. 4); one peptide 
e38DEMEECSQ145) repeatedly proved to be antigenic. A serum positive for 
Varicella-Zoster virus was also tested on the same peptides and was found to 
bind a region other than the 138-145 (Fig. 5). 

The fragment 138-145, therefore, seems to be able to avoid serological 
cross-reactions with unrelated antiviral antibodies and could be useful as 
diagnostic epitope. 
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Fig. 4. Antigenicity of the synthetic pep tides reacted with a serum from a chronic HCY 
positive patient (HCY5+ _) or negative patient (~) 
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Fig. 5. Results of ELISA assays performed with Varicella-Zoster Virus positive/HCY 
negative (YHZY + _) and HCY positive (HCV5 + ~) sera 
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The potential use of this synthetic peptide to replace the whole antigen in 
HeV serological assays is currently under investigation. 
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Summary. Using two sources of primary antibodies, we immunohisto
chemically stained hepatitis C virus-related antigen(s) on fixed-embedded 
liver specimens. These antigens were localized in the cytoplasm of hepato
cytes. The results obtained serologically correlated well with immunohisto
chemistry. 

Introduction 

Hepatitis C virus (HCY) has recently been identified as a major cause of post
transfusion non-A, non-B (PT-NANB) hepatitis [1, 2]. A recombinant 
antigen (c100-3), representing a non structural protein of HCY, is currently 
being used as a target antigen in EIA and RIA to detect an anti-HCY (anti
c100-3) specific antibody. The presence of sequences ofHCY-RNA have been 
observed in serum as well as in liver tissue of anti-HCY positive patients [3]. 
As previously reported [4J, we detected intrahepatic hepatitis C virus related 
antigen(s) by immunohistochemistry. Here we report our preliminary 
immunohistochemical data, obtained on fixed and embedded liver biopsies, 
from patients with chronic hepatitis, using both human and rabbit anti-HCY 
antisera. 

Material and methods 

Antisera 

We used two sources of anti-HCV primary antibodies: human and rabbit antisera. 



192 D. Infantolino et al. 

Human Serum. IgG (final concentration 7.2 ug/ml) were obtained from a high-titre anti
HCV positive serum after precipitation, dialysis and protein A Sepharose chromatography. 

Rabbit serum. Rabbit anti-HCV serum (r6096) was produced using a synthetic peptide 
(sp42), 42 amino acids in length, containing HCV sequences of the immunoreactive clone 
5.1.1, immunogen. Anti-HCV (c100-3) titer of r6096 was determined to be greater than 
1: 100,000 by EIA, while pre-immune r6096 serum was nonreactive. 

Patients 

Thirty-one liver biopsies from pedigreed patients, with post-transfusion or cryptogenic 
chronic liver disease (26 anti-HCV positive and 5 anti-HCV negative), were examined. As 
control we selected 24 liver biopsies from patients with anti-HCV negative chronic liver 
disease, of well defined aetiology (14 Primary Biliary Cirrhosis, 5 Alcoholic Liver Disease, 
5 HBsAg positive). 

Immunohistochemistry 

Liver specimens. For this study formalin-fixed, paraffin-embedded liver biopsies were used. 
Before immunostaining, liver sections were treated with 0.5% digitonin/methyl alcohol, to 
increase tissue permeability [5] (modified) and then with 9% hydrogen peroxide/methyl 
alcohol 1: 1 to inhibit endogenous peroxidase and peroxidase-like enzyme activities, for 30' 
respectively. Parallel sections of each biopsy were then stained by the modified 
peroxidase-anti peroxidase techniques (PAP) as described below [6], using both human and 
rabbit primary antibodies. Peroxidase reaction was revealed using diaminobenzidine 
solution and hydrogen peroxide. 

Human serum. The sections were incubated overnight at 4°C in normal swine serum (NSS) 
containing 0.1 % monoclonal anti-blood group antibodies (Dakopatts, Glostrupp, 
Denmark). They were then incubated with human anti-HCV IgG, diluted (0.05 ug/ml) in 
0.05M Tris Buffer Saline pH 7.4 (TBS) containing 0.1 % bovine serum albumin (BSA) and 
0.1 % NSS for 30' at room temperature (Lt). The sections were then incubated in rabbit anti
human, swine anti-rabbit (both diluted 1: 200) and pap-rabbit (1: 100), for 30' at Lt 
respectively, using an immunoperoxidase technique with four stages. The third and fourth 
stages (swine anti-rabbit and pap-rabbit) were repeated twice to amplify the signal. 

Rabbit serum. Overnight incubation at 4°C in NSS was carried out. R6096 antiserum and 
preimmune r6096 serum were diluted 1: 1600 with Tris/BSA/NSS and then incubated 
overnight at 4°C. Conventional Pap technique, using swine anti-rabbit (diluted 1: 200) and 
pap-rabbit (1 : 100), for 30' each at Lt, was performed. Bridge and pap steps were repeated 
twice to amplify the signal. 

Evaluation of the results. All the preparations were read blindly. We considered as "positive" 
those specimens with well-defined cytoplasmic staining of the hepatocytes. 

Specificity. Positive liver specimens were retested as follows: i) omitting the incubation with 
primary antibodies or substituting them with NSS, using both methods; ii) carrying out the 
peroxidase reaction, in the absence of antibodies to rule out endogenous enzyme activities, 
using both methods; iii) substituting immune r6096 with preimmune r6096 serum in the 
second method. To rule out cross-reactions with other viral antigens, hepatic and extra
hepatic infected tissues (such as HPV in both human uterine portio and dog buccal mucosae; 
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HD in both human and woodchuck liver; HSV in human buccal mucosae; CMV in human 
lung) were tested with r6096 antiserum. 

To exclude cross-reactions with endogenous human antigens, normal tissues (such as 
skin, brain, ganglia, breast, intestine, lung, placenta, fetal liver) and neoplastic tissues (such as 
myoma, angioma, melanoma, schwannoma, lymphoma, squamous and adenocarcinoma) 
were stained with r6096 antiserum. 

Results and conclusions 

Both human and rabbit antisera reacted with antigen(s) in the cytoplasm of 
hepatocytes, but unfortunately a high background staining was observed 
using human antiserum and the signal to noise ratio was frequently 
unsuitable for a correct evaluation of the staining. However, the results 
closely resembled that obtained with rabbit antiserum. 

Table I summarizes the results obtained with rabbit r6096 antiserum. 
R6096 reacted with 24 liver specimens obtained from 26 anti-HCV sero
positive, as well with 3 from 5 anti-HCV sero-negative patients with nonA, 
nonB chronic hepatitis. Out of 24anti-HCV sero-negative control patients, 
18 gave clear cut negative results in tissue, while the remaining 6 gave tissue 
staining (4 primary biliary cirrhosis, 1 alcoholic liver disease and one from an 
HBsAg+ve/antiHBe+ patient with very active chronic hepatitis). 

The immunoreactions showed a cytoplasmic drop-like (Fig. 1) or sand
like pattern (Fig. 2). Topographically, clusters or trabeculae of positive cells 
were distributed throughout the lobules with a prevalently focal pattern. 

The specificity of the staining was confirmed by negative results obtained 
in positive specimens excluding primary antibodies, or using normal swine 
serum instead of anti-HCV antisera, or by means of preimmunization rabbit 
serum in the place of immune r6096. Endogenous peroxidase activity was 
also excluded by performing the histochemical reaction without the im-

Table 1. Results of HCV immunostaining in 31 liver biopsies from 
patients with PT or cryptogenic nonA, nonB chronic hepatitis 

Liver Serum 

anti-CI00-3 +ve anti-CIOO-3 -ve 

HCAg (anti-sp42) +ve 24 3 (6) 

HCAg (anti-sp42) - ve 2 2 (18) 

26 5 (24) 

In brackets are reported the results obtained in 24 control specimens 
from patients anti-HCV negative with chronic liver diseases of other 
well-defined aetiology 
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munological procedure. R6096 antiserum gives a weak cross-reaction stain
ing in endothelial cells, reticular and other cells of mesenchymal origin, even 
in negative liver specimens. This staining observed both in hepatic and 
extrahepatic specimens, in normal and in neoplastic vascular areas may 
suggest a cross-reactivity between viral and host epitopes or the presence of 
antibodies unrelated to HCV, produced during the animal immunization. In 
conclusion, these preliminary results give evidence that hepatitis C virus 
antigen (HCAg) is detectable in fixed-embedded liver sections. Although the 
discussed cross-reactions limit the specificity of our rabbit antibody, the high 
concordance obtained between serology and immunohistochemistry pro
vides evidence that HCAg detection bears clinical significance. The specifi
city is at least comparable to that of currently available serological tests. 
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Identification of Hev -associated antigen(s) in hepatocytes 
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Summary. HCY-associated antigens (HCAg) were localized morphologically 
using immunofluorescence methods. Fluorescence was found in the cyto
plasm of individual liver cells or in groups of cells. Nuclear fluorescence was 
not observed. Blocking and absorption studies suggest that HCAg is related 
to nucleocapsid or envelope proteins. 

* 
Attempts to identify liver antigen(s) associated with posttransfusion hepatitis 
virus infection have not been adequately documented either immuno
logically or morphologically. In this study, hepatitis C viru$ (HCY) and 
disease-associated antigen (HCAg) were detected immunohistochemically 
in hepatocytes in patients with chronic hepatitis C and in chimpanzees 
experimentally infected with HCY isolates. 

IgG fractions of chimpanzee and human sera were used as fluorescein 
isothiocyanate (FIT C)-labeled probes to identify HCAg in liver. Immuno
logic studies were carried out to establish reactivity of immunoglobulins 
(PRC.2126, lEN.A) used for identification of HCAg in hepatocytes with 
HCY recombinant proteins. Enzyme immunoassays revealed that PRC.2126 
and lEN.A immunoglobulins reacted with recombinant proteins expressed 
by clones F3 and F6 (encoded with NS3 and NS5, respectively). PRC.2126 
reacted also with HCY nonstructural protein expressed by the F5 clone 
(equivalent of ClOO-3, NS4 [1, 2]). 

In HCAg positive liver biopsies, the antigen was found in the entire 
cytoplasm of individual hepatocytes or in groups of liver cells. Liver cell 
nuclei never contained HCAg. HCAg fluorescence had a very fine granular, 
powder-like pattern with superimposed larger granules of distinct and 
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brilliant fluorescence. HCAg was detected in nine tested chimpanzees with 
acute HCV hepatitis before and shortly after AL T elevation. 

In control studies, FITC-Iabeled anti-HCAg did not react with chimpan
zee liver biopsy specimens obtained either before HCV inoculation or during 
convalescence. HCAg-negative liver biopsy specimens were obtained from 
chimpanzees (n = 11) and from patients (n = 13) with various etiologies of 
viral hepatitis: type A, B, delta, enterically transmitted non-A, non-B, and 
non-viral hepatitis liver conditions. Hepatocellular reactivity of HCAg was 
not host-derived as evidenced by absorptions of anti-HCAg FITC-Iabeled 
probes with normal liver homogenates, IgG, fibrin/fibrinogen, or red blood 
cells. 

The reactivity ofFITC-labeled antibodies with hepatocellular HCAg was 
blocked by serum samples from patients and chimpanzees experimentally 
infected with HCV, but not by preinoculation serum samples from chimpan
zees or by control samples from either primates or patients infected with 
hepatotropic viruses other than HCV. 

Fluorescent antibody blocking studies of HCAg in hepatocytes with sera 
from chimpanzees (n = 11) and patients (n = 6) showed that the HCAg 
fluorescence, although specific for HCV infection, was unrelated to anti
HCV (C100-3, NS4) reactivity. Serum samples from posttransfusion hepatitis 
cases used for preparation of FITC-Iabeled reagents and found reactive with 
HCAg in hepatocytes were positive for anti-HCAg with titers of 1: 100 or 
higher. 

Absorptions of the fluorescein-labeled anti-HCAg immunoglobulins 
with HCV nonstructural recombinant proteins (F3 (NS3), F5 (NS4), and F6 
(NS5)) revealed that HCAg fluorescence in hepatocytes depends on reactivity 
other than that of non structural proteins. Minimal inhibition of HCAg 
fluorescence was observed only after absorption with E3 (NS3) proteins. 
These observations suggested that hepatocellular reactivity of anti-HCAg 
may be related to HCV structural proteins (nucleocapsid or envelope). 

A fluorescent antibody blocking assay on liver cryostat sections contain
ing large deposits ofHCAg was used to determine the presence ofanti-HCAg 
in serum samples from experimental primates and patients. Profiles of anti
HCAg and anti-HCV (C100-3, NS4) in serum in relation to HCAg in 
hepatocytes were established in sera obtained from chimpanzees (n = 7) with 
acute HCV infection. 

HCAg was detected in liver biopsy specimens obtained during the 
chronic phase of the disease from experimentally infected chimpanzees and 
from patients with various clinico-pathologic forms of chronic non-A, non-B 
hepatitis seropositive for anti-HCV. The antigen was identified in 5 of 10 
chimpanzees with elevated ALT values and/or histopathologic changes in 
the liver characteristic for chronic HCV infection. HCAg was found in 11 of 
12 patients with chronic persistent hepatitis (1/1), chronic active hepatitis 
(8/9), and active liver cirrhosis (2/2). All the animals with HCAg in hepato-
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cytes and 10 of 11 patients with HCAg-positive liver biopsy specimens were 
positive for anti-HCAg and anti-HCY (C100-3) antibodies. The only serolo
gically negative patient was infected with HIY and had very large deposits of 
HCAg in several liver cells. 

The immunomorphologic data indicate specific association of hepato
cellular HCAg with HCY-induced non-A, non-B hepatitis and the antigen(s) 
of hepatitis C virus. Morphologic identification of HCAg as a specific 
morphologic marker of HCY infection is important for clinical and experi
mental studies of the pathogenesis of hepatitis C and natural history of the 
HCY infection. 
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Hepatitis C virus (HCV) and autoimmune liver diseases 
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Summary. Anti-HCV tests were positive in 18-45% of sera from patients 
with autoimmune chronic active hepatitis. High gammaglobulin levels may 
result in false positive results, however, some sera show true positivity. PCR 
testing of such sera is necessary in order to determine whether HCV is 
directly involved in specific forms of the disease. 

Introduction 

Several subgroups of autoimmune type chronic active hepatitis can be 
distinguished by different circulating autoantibodies (Table 1) [5]. Recently, 
hepatitis C virus antibodies (anti-HCV) have been detected in patients with 
autoimmune liver diseases [3]. In this study we evaluated hepatitis C virus 
antibodies in our patients with various defined subgroups of autoimmune 
type chronic active hepatitis, primary biliary cirrhosis, and other hepatic and 
non-hepatic diseases. 

Material and methods 

Sera were tested from patients with different hepatic and non-hepatic liver diseases as listed 
in Table 2. Autoantibodies were determined by established and previously published 
techniques [5]. Furthermore, LKM antibodies were detected by Western blot against 
human liver microsomes and against recombinant human cytochrome P450 IID6 Liver 
Kidney Microsomal (LKM)-1 antigen [6]. Hepatitis C virus antibodies were determined by 
commercially available ORTHO-ELISA, using recombinant HCV polypeptide C-IOO-3 on 
the solid phase. As a confirmation assay, anti-HCV antibodies were also detected by recently 
available recombinant immunoblotting assay (RIBA) from Ortho. In this assay recombinant 
viral proteins 5-1-1 and C-100-3 are used as antigens. 
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Table 1. Heterogeneity of HBsAg negative chronic active hepatitis (CAH) 

ANA LKM SLA SMA AMA Immunosuppressive 
treatment 

CAH nonA, nonB 

classical autoimmune 
type (lupoid) CAH + + + 
LKM antibody positive CAH + + 
SLA antibody positive CAH + +/- +/- + 
SMA antibody positive CAH + + 
primary biliary cirrhosis + 

Table 2. Proportion of positive anti-HCV results in autoimmune liver 
diseases 

ELISA RIB A-Assay 

Autoimmune CAH 
ANA/SMA 12/67 18% 0% 
LKM 20/44 45% 20% 
SLA 7/123 34% 5% 

Primary biliary cirrhosis 7/123 6% 0% 
Primary sclerosing cholangitis 1/16 6% 0% 
Systemic lupus erythematosus 0/14 0% 0% 
Extrahepatic cholestasis 0/15 0% 0% 
Inflammatory bowel disease 0/6 0% 0% 
Healthy controls 2/100 2% 0% 

Results 

Sera were POSItIve for anti-HCY from 42% (73/173) of patients with 
autoimmune CAH (Table 2). Between the various subgroups of autoimmune 
type chronic active hepatitis highest incidence was found in subgroup II 
associated with LKM antibodies where 45% (20/44) were positive. Further
more, we tested serum samples obtained before and under immunosuppres
sive treatment from 5 patients with autoimmune CAH who were anti-HCY 
positive before treatment. In 4 of these patients, anti-HCY tests became 
negative under immunosuppressive therapy. The clinical course of one of 
these patients is demonstrated in Fig. 1. However, one patient with high titer 
anti-HCY antibodies did not show a significant reduction in anti-HCY titers. 
Moreover, OD-values of the anti-HCY ELISA correlated well with serum 
immunoglobulin levels. Correlation coefficients ranged between 0.615 for 
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Fig. 1. Follow-up of an SLA antibody positive patient, whose serum became anti-HCY 
negative under immunosuppressive treatment 

PBC sera and 0.951 for serum samples obtained from a Soluble Liver 
Antigen (SLA) positive patient responding well to immunosuppression. 

Conclusion 

In patients with various subgroups of autoimmune type chronic active 
hapatitis we found an incidence of positive anti-HCV tests ranging from 18 
to 45%. Also, we found highest incidences in LKM-l antibody positive 
CAH. We did not find as high an incidence as has been reported from Italy 
[3]. Furthermore, we could confirm that high gammaglobulin levels may 
result in false positive anti-HCV test [4]. However, some patients may have 
true positive HCV antibodies as confirmed by normal globulin levels and 
positive RIBA assay. In these patients, only the direct evaluation of HCV 
specific RNA applying PCR technology will clarify whether simultaneous 
infection with hepatitis C virus may contribute to this liver disease and 
whether ongoing HCV infection may induce specific forms of autoimmune 
type chronic active hepatitis. 
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Summary. We investigated the prevalence of anti-HCV in 160 consecutive 
patients with primary biliary cirrhosis. By ELISA, 19 (12%) were positive, as 
compared to a 68% prevalence in 135 patients with chronic non-A, non-B 
hepatitis. Serum IgG levels were significantly higher in the anti-HCV positive 
group. By RIBA, seropositivity was confirmed for 4 patients, whereas 7 were 
indeterminate. A slight, non-significant reduction of life expectancy was 
found in anti-HCV positive patients. Until reliable and independent confirm
atory tests become available, definitive conclusions on the importance of 
anti-HCV positivity in primary biliary cirrhosis are improper. 

Introduction 

A high prevalence of antibodies against Hepatitis C Virus (anti-HCV), as 
determined by enzyme immunoassay (ELISA) in patients with autoimmune 
chronic hepatitis, has been reported by several investigators [1-3]. In 
Primary Biliary Cirrhosis (PBC), a chronic, progressive, cholestatic liver 
disease probably related to abnormalities of immune regulation [4], highly 
variable rates of seropositivity, from 0 to 42%, have been reported [1,2,5-8]. 
Indeed, the significance of ELISA anti-HCV positivity in autoimmune liver 
diseases, as well as in other immunologically-related diseases, is controversial 
[9, 10]. Lack of specificity of the assay may be responsible for the un
certainty. It has also been suggested that viral infections might trigger the 
immune mechanisms responsible for the pathogenesis of autoimmune liver 
disease [3]. On the other hand, abnormalities of immune regulation may 
render these patients more susceptible to viral infection or impair virus 
clearance. There is one report of concomitant anti-HCV positivity associated 
with a more severe outcome of PBC [8]. 
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Our study was aimed at investigating the prevalence of anti-HCV in a 
large series of patients with PBC. Supplemental tests were used to confirm 
positive results obtained by ELISA. To obtain more information about the 
relationship between PBC and hepatitis viruses, we also investigated serum 
markers for hepatitis B virus (HBV) in these patients. 

Patients and methods 

Patient population and study design 

We studied a series of 160 patients (147 women) with histological and clinical diagnosis of 
PBC [11], who came to our Unit between January 1980 and December 1989. Serum samples 
had been collected from all patients at the first visit and stored at - 20°C until tested for 
anti-HCY. Fourteen (9%) patients had been transfused, none had histories of drug or 
alcohol abuse at any time. At presentation, ages ranged from 27 to 77 years (median 53), 68 
(43%) patients had stage IY by histology and 144 (90%) had serum anti mitochondrial 
antibodies (titer> 40). We also tested sera collected from each of the 88 patients in this series 
who reported for follow-up in 1990. 

A population of 135 patients with clinical and histological diagnoses of chronic non-A, 
non-B hepatitis (NANBH), currently followed by us, and a hospitalized population of 80 
patients with no evidence of liver disease were selected as control groups. 

Antibody testing 

All samples were tested for anti-HCY by conventional ELISA (Ortho Diagnostics, Raritan, 
New Jersey, USA), following the manufacturer's instructions. Results were read at 492 nm 
with an ELISA plate reader (Auto Reader II-Ortho) with upper limit of 3.0 optical density 
(OD) units and a mean cut-off level of 0.459. Positive samples were retested in duplicate, then 
by the Chiron/Ortho Recombinant Immunoblot Assay (RIBA ClOO) [12], and finally by 
conventional ELISA after a preliminary wash with 8 M urea [13]. 

Serum HBY markers had been tested for by commercial radioimmunoassay (Abbott, 
Chicago, USA) at the time of presentation. 

Statistics 

The Mann-Whitney test and Wilcoxon signed-rank test were used for statistical analysis of 
quantitative variables, and Fisher's exact test of dichotomous variables. Pearson's correla
tion coefficients were calculated by the usual procedure. Observed survival time was the 
interval between presentation and death or liver transplantation and was computed by the 
Kaplan-Meier method. Patient survivals were compared by the log-rank test [14]. 

Results 

Anti-HCV was detected by ELISA in 19 patients with PBC (12%, mean OD 
±SD 1.4±0.9), compared to a 68% prevalence (mean OD 2.7±0.7) for the 
NANBH control group, and to a 0% prevalence in the control hospitalized 
population. None of the patients showed evidence of HBV infection, as 
denoted by the presence of serum hepatitis B surface antigen (HBsAg); 46 
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(29%) had serum antibodies to hepatitis B core antigen (anti-HBc). The 
patients' characteristics are reported in Table 1 according to anti-Hey 
status. Serum IgG levels were significantly higher in the anti-Hey positive 
group and there was a significant correlation (r = 0.502, P < 0.001) between 
OD values and serum IgG concentrations. Survival analysis showed no 
significant differences according to anti-Hey positivity (Fig. 1). 

When sera collected in 1990 from the 88 patients who reported for follow
up (median follow-up period, 31 months; range, 2 to 125) were tested, 9 (10%, 
mean OD 1.7 ± 1.1) were positive for anti-Hey by ELISA. Ten patients in 
this group had been positive at the time of the first visit: Two had become 
negative (OD values 0.648 and 1.760 at first visit, 0.230 and 0.197 in 1990) and 
1 patient, who had been negative, became positive (OD 0.136 at first visit and 
3.0 in 1990). The latter had no identifiable source of infection. 

ELISA OD values in relation to RIBA data are analyzed in Table 2. In 
the NANBH control group, 19 of 37 ELISA positive samples were RIBA 
reactive, 11 were indeterminate, and 7 were non-reactive. 

Table 1. Characteristics of patients according to anti-HCY status 

Anti-HCY 
+ve (n= 19) -ve (n= 141) 

Age (yrs, m ± SO) 54±9 54± 11 
Cirrhosis (%) 53 41 
Bilirubin (mg/dl, m ± SO) 2.9 ± 2.9 2.4±4.3 
IgM (mg/dl, m ± SO) 753 ± 552 566± 563 
IgG (mg/dl, m ± SO) 2767 ± 888a 1774±626 
Transfusion (%) 16 8 
HBsAg + ve (%) 0 0 
Anti-HBc +ve (%) 21 30 

a P<O.OOI vs. anti-HCY -ve 
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Fig. 1. Survival of PBC patients according to anti-HCY positivity (n.s. not significant) 
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Table 2. RIBA test in relation to ELISA OD values 

RIBA 

ELISA OD Reactive Indeterminate Non-reactive 
(mean of two readings) 

< 1.0 1 3 10 
1.0-2.9 0 8 4 

>2.9 6 0 0 

Data for the 32 patients whose sera were ELISA positive in 1990 or at the 
time of the first visit 

Six ELISA positive patients with PBC were retested after the urea wash. 
Of these, the OD of one decreased to below the cut-off level. In the NANBH 
control group, 5 of the 81 ELISA positive patients who were retested with the 
urea wash became negative. All the patients whose OD decreased to below 
the cut-off level had absorbance values lower than 3.0 in conventional 
ELISA. 

Discussion 

The prevalence of anti-HCV as determined by enzyme immunoassay in our 
160 patients with PBC was lower than that reported in other studies carried 
out in smaller series of Italian patients [7, 8]. A similar variability of 
prevalence rates is also found in other studies from different European 
countries [1, 2, 5, 6]. It is unlikely that such discrepancy is explained by 
differences in the populations studied. It is more likely that some shortcom
ings in the assay playa major role. In fact, the association between positive 
results by ELISA and serum IgG levels, observed by us as well as by others 
[1, 5J, suggests that non-specific binding to the ELISA solid-phase antigen 
may give false-positive results. Patients with autoimmune diseases are likely 
to have high levels of immunoglobulins, with high rates of false-positive 
results [10]. 

After the confirmation of ELISA positivity by RIBA, the anti-HCV 
prevalence (2.5%) was still substantially higher than that reported for the 
general Italian population [15]. Since RIBA uses the same antigenic 
preparation as ELISA, cross-reactivity with serum immunoglobulins might 
also invalidate RIBA. Alternatively, it is possible that patients with a 
chronically evolving disease like PBC are at higher risk for HCV infection, 
due to frequent medical treatment and hospitalization, especially in areas 
with relatively wide diffusion of hepatitis viruses, like Italy. However, the 
prevalence of HBV antibodies in our patients with PBC is similar to that 
found in the general Italian population [16J, and, at least for HBV, impaired 
virus clearance in PBC should be excluded, since none of our patients was 
positive for HBsAg. 
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Finally, our data do not definitively support poor prognosis as a result of 
anti-HCV positivity, since life-table analysis indicated only a slight, non
significant reduction in life expectancy in anti-HCV positive patients. 
Furthermore, patients with higher IgG levels usually have more advanced 
disease and are more likely to be anti-HCV positive by ELISA. 

Until reliable and independent confirmatory tests become available, we 
cannot draw any definitive conclusions on the importance of anti-Hey 
positivity in PBC, although our findings do suggest that HCV infection does 
not playa major role in the pathogenesis and clinical course of PBC. 
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Summary. We have determined the prevalence of antibodies against 
hepatitis C virus (anti-HCY) in 45 patients with primary biliary cirrhosis 
(PBC) and 6 with autoimmune chronic active hepatitis (AI-CAH). Anti-HCY 
was positive in two cases of PBC, both with a history of previous blood 
transfusion, and in one patient with AI-CAH, only during an active phase of 
the disease. 

* 
The aim of this study was to determine the prevalence of antibodies against 
hepatitis C virus (anti-HCY) in patients with chronic liver disease due to an 
immunological mechanism: Primary biliary cirrhosis (PBC) and auto
immune chronic active hepatitis (AI-CAH). Both diseases present an auto
immune pathogenesis, but many details of the etiology are still not 
completely understood, and could be associated with another mechanism. 
Our aim was to assess the potential role of hepatitis C virus in the 
development of the liver damage in these patients. 

A total of 51 patients, 45 with PBC and 6 with AI-CAH were tested for 
the presence of anti-HCY (Ortho). Thirteen patients, all with PBC, were 
previously transfused. Sera obtained from 90 chronic active non-A, non-B 
(NANBH) hepatitis patients were tested for comparison. 

Of the patients with PBC 2/45 (4%) and 1/6 (16%) with AI-CAH were 
positive for anti-HCy' Both patients that were anti-HCY positive with PBC 
were multitransfused many years ago. None of the non-transfused patients 
with PBC were anti-HCY positive. The third anti-HCY positive case, 
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a patient with AI-CAH, was analyzed during an active phase of the disease, 
and a serum sample obtained later, in an inactive phase, was negative. 

Of the patients with chronic active NANBH hepatitis 85/90 (94%) were 
positive for anti-HCy' 

The prevalence of anti-HCV in PBC seems to be low, in agreement with 
the 9% (2/22) reported by Gray et al. [1]. Our findings (4% (2/45)) confirm 
this point in Spanish patients, and although the prevalence is higher than in 
blood donors (132/17000 (0.78%)) [3J, the antecedent of a parenteral 
exposure can explain this finding, a point that must be always investigated. 

Initial reports showed a high prevalence of anti-HCV in AI-CAH, but 
retrospective studies [2J suggested that serum from AI-CAH patients may 
contain a component that gives false positive results during the active phase 
of the disease. We agree with this, as we found a case that was anti-HCV 
positive transitorily in exacerbation, without treatment. 

As we expected, anti-HCV prevalence was significantly higher in chronic 
NANBH than in PBC (85/90 (94%) vs. 2/45 (4%); p<O.OOl) and AI-CAH 
(85/90 (94%) vs. 1/6 (16%), p<O.OOl). There was no difference in prevalence 
of anti-HCV between PBC and AI-CAH. 

Finally, the low prevalence of anti-HCV in patients with PBC or AI
CAH and the possibility of explaining all cases by a previous parenteral 
exposure or a transitory false positive strongly suggests that the hepatitis C 
virus probably is not implicated in the pathogenesis of the liver damage in 
these patients. 
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Hev infection and chronic active hepatitis in alcoholics 
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Summary. Histological signs of chronic active hepatitis were found in 11/41 
(27%) patients with chronic alcoholic liver disease. All these 11 patients 
tested positive for antibodies to HCV and no other causes of chronic 
hepatitis were found. 

* 
The presence of serum antibodies to hepatitis C virus (HCV) in patients with 
transfusion-associated and community-acquired non-A, non-B hepatitis 
seems to indicate that HCV is the predominant agent of these kinds of liver 
diseases [1,2]. The presence of serum antibodies to HCV has, however, also 
been reported in different groups of alcoholic patients with chronic liver 
disease [2, 3]. The real meaning of these findings is not clear. 

Histological patterns of alcoholic liver disease are: 1) fatty liver or 
steatosis, 2) alcoholic hepatitis, and 3) cirrhosis. Alcohol abuse is not known 
to induce chronic active hepatitis (CAH) and the pathogenesis of this lesion 
in alcoholics is not well understood [4, 5]. 

The overall histological pattern of chronic hepatitis C is commonly that 
of CAH. If HCV infection plays a role in the development of chronic liver 
disease in alcoholics, histological signs of CAH have to be expected in these 
subjects. The aim of this study was to assess the correlation between the 
presence ofCAH and the positivity for serum antibodies to HCV in alcoholic 
patients with chronic liver disease. We studied 41 consecutive cirrhotic 
patients (31 were males, ages ranged from 31 to 74) presenting a history of 
alcohol intake above 80 grams per day for over 5 years. All patients were 
prospectively followed for 6 months before entering the study, and alcohol 
intake was very low or absent in each patient. No blood transfusion or 
intravenous drug abuse was present in the history of these patients. Serum 
HBsAg and antinuclear factor was negative, and ferritin was normal or 
slightly elevated in each subject. 
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Serum samples and liver biopsy specimens were obtained from all 
subjects. Serological testing included determination of HBV markers, by 
using commercial radioimmunoassays (Abbott Laboratories), detection of 
antibodies to HCV, by using Ortho HCV ELISA Test (Ortho Diagnostic 
Systems), and routine biochemical determinations, including AST, AL T, 
alkaline phosphatase (A Ph), and gamma-Glutamyl-Transpeptidase (GGT). 
The evaluation of liver histology was done by an expert pathologist without 
knowledge of the clinical and serological data. 

Testing sera for anti-HBc and anti-HBs gave positive results in 16 
patients (39% of our study), and serum antibodies to HCV were found in 
15 patients (37% of our study). Histological changes ofCAH were present in 
11 subjects (27% of all cirrhotic patients). 

There was neither a significant correlation between anti-HBcand anti
HCV status, nor was there a significant correlation between anti-HBc 
positivity and the presence of CAH (assessed by chi-square test). 

A very strong correlation was found between the presence of histological 
changes of CAH and the positivity for serum antibodies to HCV. In fact, 11 
subjects presented histological signs of CAH: all were positive for anti-HCV, 
whereas none of the 26 anti-HCV negative patients had CAH (Table 1). 

Positive results for anti-HCV were confirmed, by using recombinant 
immunoblot assay procedure (RIBA, Ortho Diagnostic Systems), in all 
subjects with CAH. 

Results of biochemical tests showed that a significant increase in serum 
AL T level and a significant decrease in the AST / AL T ratio and in GGT level 
was present in cirrhotic patients with CAH, in comparison with cirrhotic 
patients without CAH. This study indicates that a histological picture of 
chronic active hepatitis, a lesion that is not known to be induced by alcohol 
abuse, is present in about 30% of alcoholic patients with chronic liver 
disease. The presence ofCAH is associated with the positivity for antibody to 
HCV and the absence of other possible causes of CAH. 

Table 1. Histological changes and anti
HCY status in alcoholic cirrhotic patients 

Anti-HCY 

Positive Negative 

Cirrhosis 
with CAH 11 0 

Cirrhosis 
without CAH 4 26 

CAH Chronic active hepatitis 
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In conclusion, sporadic exposure to HeV infection seems to be the cause 
of chronic active hepatitis in alcoholic patients. 
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Summary. The prevalence of HCV antibodies in IH and PCT patients was 
examined. It was found that both groups are characterized by increased 
incidence of HCV infection. These results suggest a possible connection 
between HCV and iron overload. 

* 
In addition to iron overload, a number of patients with IH and PCT show 
biochemical and histological signs of chronic active liver diseases (CALD). 
Elevated alcohol intake is also common in both diseases and a high incidence 
of HBV infection has been already described in iron-overloaded patients [1]. 
In this study we explored the prevalence of anti-HCV in patients with IH and 
PCT and evaluated the relationship between HCV infection and presence of 
CALD in these cases. 

Thirty patients with IH and twelve patients with PCT were studied. Their 
mean age was 50.4+11.3 (28+68) and 57.8+7.1 (51-70) years, respectively. 
CALD with or without cirrhosis was present in 8 patients with IH (26%) and 
8 with PCT (72%). One patient with PCT refused liver biopsy. 

Iron parameters, urinary porphyrins and liver function tests were 
performed using standard methods. Serum ferritin, HBV antigens and 
antibodies were determined by radioimmunoassays. Anti-HCV was deter
mined by an ELISA test (Ortho). Liver histology was defined by two 
independent observers (L.R. and A.F.). 

Seven patients with IH (23%) and seven with PCT (58%) were positive 
for anti-HCV (ELISA mean optical density/cut-off ratio = 5), indicating a 
high prevalence of anti-HCV in the two groups of patients in the absence of 
exposure to blood. These prevalences are similar or even higher (in PCT 
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patients) to those observed in patients with chronic active hepatitis or 
cirrhosis of unknown or alcoholic origin at low risk of blood-borne viral 
infection [2]. 

The prevalence found in PCT may be overestimated, however, due to the 
relatively small number of PCT patients studied. 

No significant differences were observed between anti-HCV positive and 
negative patients in regard to age, HBsAg, antiHBc alone and alcohol abuse. 
CALD with moderate to marked activity (Knodell histologic activity index 
higher than 10) was much more frequent in anti-HCV positive than in anti
HCV negative patients, both in IH (57% vs 13%, p=0.033) and PCT (83% 
vs 40%). A statistical significance was also attained considering IH + PCT 
groups taken together (p = 0.005). 

Since the finding of anti-HCV seems to be associated with chronic 
infection, HCV may be important in the pathogenesis of liver damage in 
about one fourth of patients with IH and even more in patients with PCT. In 
both diseases, HCV can act synergistically with iron in accelerating the 
development of hepatic tissue damage. It has been previously reported that 
a relationship exists between increased amounts of available iron and HBV 
infection [3]. The high prevalence of anti-HCV observed in both IH and 
PCT patients, may suggest that the association between HCV infection and 
iron overload may not be coincidental. It remains also to be established 
whether HCV infection may playa role in unmasking the existence of the 
underlying defect in PCT. 
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Summary. The development of diagnostic methods for hepatitis C virus is 
presented. Special attention is paid to the selection of antigenic markers, the 
type of assay selected and the interpretation of results. A few of the pitfalls 
and ambiguities of various assays are discussed and possible future methods 
are described. 

* 

Parenterally-transmitted non-A, non-B hepatitis (PT-NANBH) is an im
portant public health problem. With effective screening for HBV, PT-NANB 
accounts for more than 90% of post-transfusional hepatitis with perhaps 
10% of transfusions resulting in disease. Additional routes of transmission 
include intravenous drug abuse, contaminated blood products and other 
parenteral transmissions. The virus cannot be cultured and there are only 
low levels of virus in infectious material (e.g. blood or liver). 

For many years there have been false alarms concerning the identifica
tion of the infectious agent. Recently PT-NANB-specific DNA was isolated 
from cDNA libraries prepared from infectious chimpanzee plasma [1]. The 
initial clone (5-1-1) was used to identify overlapping clones and the sequence 
of the non-structural gene region of the virus was published. The virus has 
been designated hepatitis C virus (HCV) and is described as having a single
stranded, positive sense RNA genome which expresses its gene products as a 
single polyprotein. 

The putative NS4 region of HCV has been expressed as a fusion protein 
with human superoxide dismutase in yeast and this recombinant protein 
(C-100-3) has been used in immunoassays to screen for the presence of HCV
specific antibodies [2]. Previously surrogate markers (anti-HBc and 
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AL T) have been used to screen blood donations for potential NANB
infected units in some countries. A confirmatory assay (RIBA) using printed 
strips of test and control antigens is now available to supplement the EIA. A 
second EIA, using the same antigen but on beads, plus a neutralisation-based 
confirmatory assay are now available from a different supplier. These assays 
represent a step forward in PT-NANBH research but in some ways have 
raised as many questions as they have answered. 

Very little is known about the immune response to HCV antigens; indeed 
little is known about the HCV antigens themselves. It would be remarkable if 
C-lOO-3 were the most effective antigen to use in screening blood donations. 
In addition, what are the implications for an individual found to seropositive 
for anti-ClOO-3 antibodies? Are RIBA and the neutralisation test the best 
ways to confirm HCV? We have attempted to answer some ofthese questions 
using HCV-specific reagents produced from our own independent clones. 

The published HCV sequence has been used by a number of groups who 
have presented partial sequences from different isolates [3,4] including the 
structural protein region from Japanese patients [5, 6]. Independently of the 
published sequences, we have isolated cDNA clones from known human 
carriers of PT-NANBH. In particular, we have identified two overlapping 
clones, JG2 and JG3, which come from the putative NS5 region as well as 
a single clone, BR11, which contains structural sequences. These clones were 
recombined with a baculovirus based expression vector to produce the 
encoded antigens in insect cells. The non-structural (NS) recombinant was 
designated BHC-7 and the structural (S) recombinant BHC-9. 

The two antigens were first used independently in an anti-human 
immunoglobulin format EIA to determine the antibody status of various 
sera from individuals at high-risk of HCV -infection e.g. haemophiliacs. We 
found that BHC-9 detected antibody in a higher proportion of the samples 
than did BHC-7 (25/32 vs 17/32 haemophiliacs); however using both 
antigens together 26/32 were positive. As might be expected, the structural 
antigen was more effective than the non-structural but there are some sera 
which appear to have antibodies only to non-structural regions. These 
observations were borne out by other risk groups and all future work has 
used both antigens together. 

Initially the combined antigens were compared with the commercially
available, C-lOO-3-based EIA. In general the two antigens together detect 
antibody in a higher proportion of any patient group than C-lOO-3 alone 
even though there are some samples which are C-lOO-3 positive but negative 
with BHC7 +9. These discrepancies must be resolved. The first point to note 
is that we are not comparing like with like and, given our current state of 
knowledge, it is possible that sera which react with one HCV antigen might 
not react with all other HCV antigens. Those samples which are BHC7 + 9 
positive and C-lOO-3 negative have been assayed with the two antigens 
separately. We find that the majority of these samples react with only the 
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structural antigen BHC-9. Whilst the majority of reactive sera contain 
antibodies to all three antigens, significant numbers of sera have antibodies 
to only one or two of the antigens. As yet the prognostic value of these 
different patterns of antibody response is unknown. 

Another related approach to analysing these discrepant samples is to use 
a confirmatory assay such as an immunoblot or a neutralisation test. We 
have our own in-house western blot using various purified HCY re
combinant proteins to confirm BHC7 +9 reactive sera. In general, many of 
the C-IOO-3-positive, BHC7 + 9-negative samples are RIBA negative or 
indeterminant whereas we find that only a few BHC7 + 9 reactive samples are 
falsely positive due to reaction with non-HCY-protein contaminants. 

PCR amplification can be used to determine the presence of viral RNA in 
the sample. Care must be exercised when using PCR, not only technically to 
avoid contamination but also in interpreting the results. A positive signal 
under properly-controlled conditions will indicate current infection; but 
a negative result may mean that an infection has resolved or that the level of 
virus is below the limit of the method or that the sequence of the virus is 
sufficiently distinct that the amplification primers do not function efficiently. 
We do not know enough about the biology of HCY yet to address these 
points. Nevertheless we currently find that about 45% of the samples which 
are reactive with both C-100-3 and BHC7 +9 are PCR-positive. Of those 
which react with only BHC7 + 9, about 30% are PCR-positive; whereas only 
6% of those reactive only with C-100-3 are PCR-positive. Expressed another 
way, of 25 PCR-positive samples, 24 react with BHC7 + 9 and only 18 react 
with C-100-3. 

In conclusion, we are at an exciting stage of the study of PT-NANBH. 
The most important agent ofthis disease has been identified and reagents are 
becoming available to study the response to infection. As more and more 
different antigens of HCY are used, it is clear that the antibody profile can 
differ from individual to individual and we may be able to identify those who 
will progress to chronic disease. Additionally we should be able to identify 
prognostic markers which will provide an early indicator of changes in the 
disease state. 
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Summary. Of 32 patients with non-A, non-B hepatitis, 10 (31 %) were still 
anti-HCY-positive 12.8 years after the acute phase of the disease. Seven of the 
patients (21.9%) still had elevated ALT levels, and among these, 5 out of 
5 patients who had been subject to parenteral risk were anti-HCY-positive. 
In contrast, none of the patients who had not been subject to parenteral risks 
were positive. 

Introduction 

In Germany, as many as 23% of clinically apparent cases of acute hepatitis 
are classified as non-A, non-B hepatitis [7]. Recently, an assay to detect 
antibodies to the hepatitis C virus (anti-HCY) has been developed [2, 6]. The 
antibodies appear late after the acute episode of hepatitis, and little is known 
about their persistence thereafter [1, 6]. We therefore followed-up patients 
with acute non-A, non-B hepatitis up to fifteen years after the initial 
admission to the hospital, to study the role of hepatitis C virus (HCY) in 
chronic hepatitis and to evaluate the persistence of anti-HCY in these cases. 

Materials and methods 

Patients studied 

Heidelberg is a medium-sized German city with about 150,000 inhabitants. Only inpatients 
admitted to the Department of Gastroenterology of the University of Heidelberg from 1974 
to 1981 were included into the study. 
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Acute viral hepatitis 

The diagnosis of acute viral hepatitis was made on the basis of anamnestic, clinical, and 
biochemical findings. Possible risks of infection were taken from the patients' records. 
Parenteral risks of included blood transfusions, illicit drug-abuse and being on a health-care 
staff. Non-parenteral routes included close contact to jaundiced individuals, and foreign 
travels. A sporadic form of hepatitis was assumed if any possible exposure was denied by the 
patient. 

F allow-up studies 

Patients with non-A, non-B hepatitis were followed-up in 1983 and in 1990. The follow-up 
study included clinical and anamnestic reevaluation, determination of both liver function 
tests and virological markers. Chronicity was suggested if liver function tests were still 
abnormal; liver histology could be determined in only a few patients. 

Serum samples used 

Sera of the patients were taken for routine laboratory investigations both during acute 
hepatitis and at the time of the follow-up and were stored at - 20°C. 

Laboratory tests 

HBsAg, anti-HBs, anti-HBc, anti-HBc IgM, anti-HAY, anti-HA V IgM were tested by radio
or enzyme immunoassays (Ausria, Ausab. Corab, Havab, Havab M, and Corzyme M; 
Abbott, Wiesbaden FRG). Anti-CMV or Anti-EBV of the immunoglobulin M class were 
determined by ELISA or immunofluorescence technique. Serum transaminases, pro
thrombin time, autoantibodies and serum immunoglobulin fractions were determined by 
routine techniques. Antibodies to hepatitis C virus were determined by use of an assay 
manufactured by Ortho Diagnostics (Neckargemiind, Germany). 

Results 

Between 1974 and 1981, 112 patients had been hospitalized because of 
non-A, non-B hepatitis. Sera of 29 patients taken during the acute phase of 
hepatitis, as well as taken in 1983 and in 1990, were still available to be 
retested for presence of antibodies to hepatitis C virus (see Table 1). Twenty
one sera of the total of 29 patients taken during the acute hepatitis phase 
were positive for antibodies to hepatitis C virus. 

Of the 112 patients, 49 ( = 43.8 %) and 32 ( = 28.6%) could be followed-up 
in 1983 and in 1990, respectively. The mean follow-up time in 1990 ranged 
from 9 to 15 years (mean = 12.8 years). Sera of all patients with non-A, non-B 
hepatitis remained negative for HBsAg, anti-HBc IgM, anti-HAY IgM, anti
EBV IgM and anti-CMV IgM. Sera of 49 patients followed-up in 1983 were 
available to be retested for anti-HCV; 57.1 % of these sera were anti-HCV
positive. Liver function tests were elevated in 19 of 49 patients (= 38.8%) and 
in 7 of 32 patients (=21.9%) in 1983 and in 1990, respectively (see Table 2). 
In 1983, 9 out of 10 patients with a chronic course of non-A, non-B hepatitis 
were anti-HCV-positive in case of parenteral transmission and in 6/9 in non-
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Table 1. Anti-HCV in follow-up sera from patients with non-A, non-B 
hepatitis 

aVHa Follow-up Follow-up 
in 1983 in 1990 

Route of N n anti-HCV- n anti-HCV-
transmission pos. (%) pos. (%) 

Parenteral 46 22 18 (81.8) 19 8 (42.1) 
Non-parenteral 56 27 10 (37.0) 13 2 (15.4) 

Total 112 49 28 (57.1) 32 10 (31.3) 

a a VH = acute viral hepatitis 

Table 2. Chronic liver disease (cld) in the follow-up of patients with 
acute non-A, non-B hepatitis 

aVHa Follow-up Follow-up 
in 1983 in 1990 

Route of N n cld n cld 
transmission n (%) n (%) 

Parenteral 46 22 10 (45.6) 19 5 (26.3) 
Non-parenteral 56 27 9 (33.3) 13 2 (15.4) 

Total 112 49 19 (38.8) 32 7 (21.9) 

a a VH = acute viral hepatitis 

parenteral transmISSIOn. In 1990, all five patients who had parenteral 
transmission with still elevated AL T values were positive for anti-HCV 
whereas neither two patients with non-parenteral risks were positive (see 
Table 3). 

Discussion 

Studies on the frequency of non-A, non-B hepatitis are nearly impossible to 
compare as there are marked discrepancies in respect to geographic varia
tion, hospitalization, age and criteria for chronicity of disease [3]. In acute 
viral hepatitis, diagnosis of hepatitis C is difficult, because the appearance of 
antibodies to hepatitis C virus only appear after an extended delay [6]. The 
assay of Ortho Diagnostics uses a synthetic polypeptide that binds non-
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Table 3. Anti-HCV in follow-up sera from patients with chronic liver disease 

Follow-up Follow-up 
in 1983 in 1990 

Route of Total Chronic Total Chronic 
transmission liver disease liver disease 

N n (anti-HCV-positive) N n (anti-HCV -positive) 
(n) (n) 

Parenteral 22 10 (9) 19 5 (5) 
Non-parenteral 27 9 (6) 13 2 (0) 

Total 49 19 (15=78.9%) 32 7 (5=71.4%) 

neutralizing antibodies. This anti~HCV assay does not enable differentiation 
between present or anamnestic HCV infection. In some cases of acute 
resolving non-A, non-B hepatitis this antibody does not appear at all. The 
incidence of anti-HCV is high in patients with chronic liver disease following 
transfusion-related hepatitis [1,4, 5]. Both post-transfusional and sporadic 
chronic hepatitis C may be followed by a long-term persistence of anti-HCV 
[8, 9]. 

Our results show that anti-HCV may be lost with normalization of liver 
function tests. This was preferentially observed in those patients with non
parenterally transmitted non-A, non-B hepatitis. The low rate of anti-HCV
positive patients with sporadic non-A, non-B hepatitis suggests the existence 
of an agent other than hepatitis C virus, or alternatively, of another pattern of 
humoral response to HCV. 
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Summary. The aim of our study was to confirm by Recombinant Immuno
blot Assay (RIBA) and by neutralization assay the repeat positive reactions 
found by two commercially available EIAs (Ortho and Abbott) when testing 
samples from volunteer blood donors, patients with chronic liver disease and 
with hepatocellular carcinoma. Our data show a high confirmatory rate 
among patients with chronic viral NANBH and HCC, while among donors 
and patients with CLD other than NANBH the percentage of presumptive 
EIA positive reactions confirmed by RIBA and/or neutralization assay is 
much lower. In our experience, the neutralization assay appears to be 
somewhat more sensitive than RIBA, especially when samples show low EIA 
optical densities. 

* 
Currently available anti-HCV enzyme immunoassays are designed to 

detect the reactivity against a recombinant antigen (clOO-3), expressed in 
yeast (S. cerevisiae), encoded by part of the non-structural portion of HCV 
genome. Although the clinical significance of a positive anti-HCV result has 
not yet been completely defined, these assays have proven to be useful in 
prevention of post-transfusion non-A, non-B (NAN B) hepatitis and to 
recognize HCV etiology in most cases of NANB chronic liver diseases [1, 3]. 

The specificity issue, that has been raised by several studies, achieves a 
particular relevance in the screening of blood donors, due to the supposed 
low prevalence of anti-HCV antibodies in this population and to the ensuing 
low positive predictive value of screening tests [4, 5]. 

The aim of our study was to confirm anti-HCV reactivity among donors 
and patients with chronic liver disease (CLD) and hepatocellular carcinoma 
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(HCC) by two currently available methods: the Recombinant Immunoblot 
Assay (Chiron-Ortho RIBA) and the EIA test based on the blocking 
procedure (Abbott HCV Neutralization). 

To this end we assayed by RIBA and neutralization test samples 
collected from 187 volunteer blood donors found anti-HCV repeat reactive 
(RR) by Ortho HCV EIA, after a screening of 13,314 (1.4%) donors attending 
several Blood Transfusion Centres in northern Italy. Sera collected from 131 
patients with chronic liver disease of various etiologies (all biopsy proven) 
and classified according to the conventional criteria [2J and from 72 patients 
with hepatocellular carcinoma, were also available for the study. 

Both Abbott and Ortho HCV EIAs were employed in parallel on CLD 
and HCC samples. The 187 blood donors who were found to be reactive by 
Ortho EIA were subsequently assayed by Abbott HCV EIA. During the few 
months period that elapsed between the first screening by Ortho EIA and the 
subsequent testing by Abbott EIA, sera were stored at - 20°C. All Ortho 
EIA RR samples were then tested by RIBA, while Abbott EIA RR samples 
were confirmed by the neutralization assay. Both assays are designed to 
confirm the presence of anti-clOO antibodies by excluding possible re
activities against S. cerevisiae or the fusion protein (SOD) employed in the 
production of the clOO peptide. In the RIBA test, SOD, clOO-3 and 5-1-1 (43 
of the 363 amino acids of clOO expressed in E. coli) peptides are applied to 
a nitrocellulose strip, along with two procedural positive controls (low and 
high levels of human IgG). A sample is confirmed positive for anti-HCV if it 
reacts against both clOO and 5-1-1 with at least the same intensity as the low 
IgG control. A reaction against only one of the two HCV peptides is 
considered as "indeterminate", while samples showing no reaction (except 
possibly against SOD) are considered as negative. 

The Abbott confirmatory assay is based on the blocking principle. 
Briefly, two aliquots of the sample are incubated, one with a buffered solution 
and the other one with the same solution containing a recombinant peptide 
that includes 256 ofthe 363 amino acids of the cl00-3 sequence, expressed in 
E. coli, employing CMP-KDO synthetase (CKS) instead of SOD as a fusion 
protein. After this preincubation, both aliquots are analyzed by the conven
tional Abbott HCV EIA procedure. The samples, in which a reduction of the 
optical density (OD) of 50% or more in the blocked sample compared to the 
unblocked is observed, are considered positive for anti-clOO antibodies. 

Statistical analysis was performed by the chi-square test. 
Of the 187 blood donorsJound to be repeatedly reactive by Ortho EIA, 

60 (32%) were confirmed positive by RIBA, 39 (21 %) were indeterminate and 
88 (47%) were RIBA negative. 

Only 129 out of the 187 (69%) samples found repeat reactive by Ortho 
EIA resulted also RR when tested by Abbott EIA. Of the 58 discordant 
samples, 54 (93%) were negative and 4 (7%) were indeterminate when tested 
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Table 1. Confirmation by RIBA and neutralization assay 
of 129 samples found RR by both EIAs 

R 

B 
A 

Neutralization assay 

N. Neutralized Non neutralized 
(%) (%) 

POS 60 60 (100) o (0) 

IND 35 25 (71.4) 10 (28.6) 

NEG 34 10 (29.4) 24 (70.6) 

Total 129 95 (73.6) 34 (26.4) 

Table 2. Confirmation by RIBA and neutraliza
tion assay of EIA repeat reactive samples sub

divided according to their OD (sample/cut-off) 

OD s/co RIBA+ Neutralization+ 
(%) (%) 

1-2 2/63 (3.2) 8/23 (34.8) 
>2-4 10/46 (21.7) 24/32 (75) 
>4 48/78 (61.5) 63/74 (85.1 ) 

Total 60/187 (32.1)" 95/129 (73.6)" 

" p<O.OOl 

229 

by RIBA. As is shown in Table 1, all 60 donor specimens which were reactive 
by RIBA were confirmed as positive by the neutralization assay. Moreover, 
10 of 34 (29.4%) RIBA negative and 25 of 35 (71.4%) RIBA indeterminate 
samples were found positive when tested by the neutralization test. 

As shown in Table 2, only 32.1 % (60/187) of donor specimens repeatedly 
reactive by Ortho EIA could be confirmed by RIBA, while 73.6% (95/129) of 
those found RR by Abbott EIA were neutralized by the blocking assay 
(p<0.001). These data indicate that the confirmation rates by RIBA raised 
from 3.2% (2/63) in samples which showed low Ortho EIA optical density 
(sample/cut-off ratio ~ 2) to 61.5% in samples showing a stronger reactivity 
(s/co>4). The correlation between increasing OD and frequency in con
firmation of positive reactivities was also observed by the blocking test, 
although to a lesser extent, since 34.8% (8/23) of the weak reactivities and 
85.1 % (63/74) of the strong reactivities obtained by Abbott EIA were 
confirmed as positive (Table 2). 
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Table 3. Anti-HCV among patients with CLD as detected by two commercially available 
EIAs and by RIBA and neutralization test 

CLD N. Ortho RIBA+ Abbott Neutralization+ 
EIA RR (%) EIA RR (%) 
(%) (%) 

Cryptogenic and 
post -transfusion 64 44 (68.7) 9/10 (90) 41 (64.0) 41/41 (100) 

In drug addicts 13 13 (100) 1/2 (50) 13 (100) 13/13 (100) 

ALD 20 14 (70.0) 4/7 (57.1) 11 (55) 11/11 (100) 

PBC 18 13 (72.2) 10/13 (76.9) 10 (55.5) 8/10 (80) 

Autoimmune 8 3 (37.5) NT 3 (37.5) 3/3 (100) 

HBsAg+ 8 3 (37.5) 1/1 (100) 4 (50) 4/4 (100) 

Total 131 90 (68.7) 25/33a (75.8) 82 (62.6) 80/82 (97.6) 

a Four samples from drug addicts (n= 1), ALD (n=2), PBC (n= 1) gave indeterminate 
results by RIBA 

Among patients with CLD, the anti-HCV prevalence was 68.7% (90/131) 
when their serum samples were tested by Ortho EIA and 62.6% (82/131) 
when tested by Abbott EIA (Table 3). RIBA was performed on only 33 cases, 
out of which 25 (75.8%) were confirmed as positive, while 4 gave indetermi
nate results. On the other hand, 80 out of 82 (97.6%) samples found 
RR by Abbott EIA could be confirmed positive by neutralization test. 
Discrepancies in the results obtained with the two EIAs and/or with the 
confirmatory assays were more frequent among patients with a diagnosis of 
primary biliary cirrhosis (PBC) and alcoholic liver disease (ALD), raising the 
crucial problem of the interpretation of anti-HCV positive reactions in such 
patients. 

Among the 72 HCC cases, anti-HCV was found in 43 (59.7%) patients 
when tested by Ortho EIA and in 45 (62.5%) patients when tested by Abbott 
EIA. RIBA was not available for these sera. By the blocking assay, 42 out of 
45 (93.3%) samples found RR by Abbott EIA were confirmed as positive. It is 
noteworthy that all 42 samples confirmed positive by the neutralization test 
were also RR by Ortho EIA. 

These preliminary data indicate that both EIAs are reliable for detecting 
anti-HCV antibodies in patients with cryptogenic and post-transfusion 
NANB hepatitis and in hepatocellular carcinoma, as demonstrated by the 
high confirmatory rate obtained with the blocking assay, while among 
volunteer blood donors and in patients with CLD other than NANB 
hepatitis, confirmatory assays are necessary due to the high number of non
specific reactions. For this purpose, the neutralization assay appears to be 
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somewhat more sensitive than RIBA in the confirmation of EIA repeat 
reactive samples, especially when these show a low optical density. 

Further analysis of RIB A indeterminates, some of which have been found 
capable of transmitting HeV [6J, as well as of samples that gave discordant 
results by the two methods, is mandatory. 
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Summary. Testing for hepatitis C virus by ELISA requires confirmation by 
recombinant immunoblot assay (RIBA). The first-generation RIBA uses the 
same antigen as used in the ELISA and one further antigen. A second
generation RIBA in which two further antigens are present, detects positivity 
that is not found by either the ELISA or the original RIBA. Consequently, 
although it is adequate to test Elisa positive sera with the first-generation 
RIBA, the second-generation assay is recommended for confirming negativity. 

* 
At present, the only available test for confirming the specificity of the ELISA 
positivity for antibodies to Hepatitis C Virus (anti-HCV) is an immunoblot
ting test (RIBA, Chiron Corporation) in which two or four recombinant 
HCV antigens are immobilized on nitrocellulose strips. In the first genera
tion RIBA (RIBA-I), two non-structural HCV antigens are employed: the 
same antigen present in the HCV-ELISA (clOO) and a subsequence of this 
antigen (5-1-1), while in the second generation RIBA (RIBA-II), two more 
HCV antigens are present: a non-structural (c33) and a structural (c22) 
antigen. By these tests, the serum sample is confirmed as anti-HCV positive if 
reactivity to any two antigen bands is observed, it is indeterminate if only one 
band is reactive and it is not confirmed if no reactivity is found [1,2]. 

We employed RIBA-II to confirm the specificity of the anti-HCV 
positivity revealed by ELISA (Ortho Diagnostics) in 15 sera from HBsAg
positive and in 89 sera from HBsAg negative patients with histologically 
proven chronic liver disease. 
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Out of the 15 HBsAg positive patients, 4 (26.7 %) have not been con
firmed (i.e. no visible bands to any antigen were present). On the other hand, 
87 out of89 (97.7%) HBsAg negative, anti-Hey positive sera were confirmed 
by RIBA (Fisher's exact test, P < 0.001), and the remaining two were 
indeterminate (i.e. only the c22 band was reactive). 

Interestingly, 2 of 4 HBsAg positive not-confirmed samples had ELISA 
optical density (OD) values greater than 2.500 (cut-off value range 
0.425-0.492) and they were still positive at a dilution of 1 in 100, while 11 out 
of 87 HBsAg negative confirmed samples were weakly positive by ELISA 
(OD < 1.000). This indicates that, also among chronic patients, the ODs can 
be unrelated to the specificity of the ELISA reaction [3]. 

Since the confirmation rate was significantly lower among HBsAg 
positive (73.3%) compared to HBsAg negative (97.7%), the anti-Hey 
positive result should be always confirmed in HBV infected patients. 

Moreover, by RIBA-II we have examined 18 sera from anti-Hey 
repeatedly negative patiel!ts with histologically proven chronic liver disease. 
Of these, 7 (38.8 %) reacted to both c33 and c22 antigens which are not 
present in the HeV-ELISA, therefore, more than one third of the anti-Hey 
negative chronic patients turned out to have antibodies to HeV antigens 
different from cWO, and this implies that using only this antigen for screening 
purposes, the prevalence of HeV related chronic liver diseases could have 
been underestimated. 

It remains to be clarified whether the serological pattern characterized by 
the absence of anti-cWO antibodies, but presence of anti-c33 and anti-c22 
corresponds to a particular biological and immunological status, although 
the mean AL T level + Standard Deviation (SD) of these patients was not 
significantly different than that of anti-cWO positive patients (respectively 
148 + 72 and 156 + 68, Student's t test, p = n.s.). 

In conclusion, our data show that all HBsAg positive sera that are anti
HeV positive by ELISA should be confirmed by RIBA, while the ELISA 
anti-Hey negative sera from chronic patients should be retested by a 
second-generation assay that includes also c33 and c22 antigens. 
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PCR detection of HCV RNA among French non-A, non-B hepatitis 

patients 
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Summary. Hepatitis C virus (HCV) cDNA was amplified from serum of 
26/40 French chronic non-A, non-B hepatitis patients by the nested poly
merase chain reaction. Compared with anti-CIOO, viral cDNA represents 
a more reliable marker of active HCV replication. 

* 
Hepatitis C virus (HCV) has been identified as the etiological agent 
responsible for the majority of post-transfusion and sporadic non-A, non-B 
(NANB) hepatitis cases around the world [1]. Until now, the only marker of 
HCV infection was an antibody directed against a part of the viral 
non structural protein (anti-CIOO; 2). This antibody develops only late after 
infection [3J and does not reflect active HCV replication. False positivity of 
the ELISA assay used to detect anti-ClOO has been reported, especially in 
patients with auto-immune hepatitis [4-6]. An alternative method would be 
to directly assay for the presence of viral genomic RNA. Since HCV RNA is a 
component of infectious virus particles, its presence in the serum reflects 
active virus replication, and infectivity of the serum. Since the nearly 
complete cDNA sequence of the prototype HCV strain has been disclosed 
[7J, detection of HCV infection by polymerase chain reaction has become 
feasible. We report here the detection of HCV RNA in serum of 40 French 
NANB hepatitis patients by the so-called "nested PCR". The results were 
compared with those of anti-ClOO serology. 

To detect HCV RNA, RNA was extracted from 200 III of fresh or stored 
serum by guanidinium/phenol/chloroform solution (20% guanidinium, 50% 
phenol, 12.5% chloroform, and 17.5% H 2 0), and precipitated by ethanol. 
RNA was dissolved in 20 III DEPE treated water, with the addition of 
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Sense 1 (S1): 5'-GGCTATACCGGCGACTTCGA-3' (2q56-2475) 

Sense 2 (S2): 5'-GCAATACGTGTGTCAC-3' (2488-2503) 

Anti-sense 1 (AS1):5'-AGCTCATACCAAGCACAGCC-3'(2697-2716) 

Anti-sense 2 (AS2):5'-TCATAGCACTCACAGAGGAC-3' (2673-2692) 
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Fig. 1. Schematic representation of part of the NS3 region of Hey genome. The locations 
and sequences of the primers used for nested peR are indicated. SIIASI are the first-round 

peR primer pair and S2/AS2 the second-round peR primer pair 

RNasin (1 U/lll final concentration). Ten III was mixed with 1 111100 pM each 
of the sense and anti-sense primers (Fig. 1, SI and ASl), and denatured at 
65°C for 10 min. cDNA synthesis was performed at 37 DC for 1 hr using 
cloned MuLV reverse transcriptase (GIBCO, BRL). The cDNA reaction was 
diluted with 50 III H 20, boiled for 10 min to inactivate the enzyme. The 
cDNA was amplified in 100 III volume containing 200 11M dNTP, 1 u of Taq 
DNA polymerase, and Illg of RNase A. Thirty five cycles were carried out. 
Each cycle consisted of denaturation at 94°C for 1 min, annealing at 3rC 
for 2 min, and chain elongation at 72 DC for 3 min. Ten III of PCR product 
was reamplified by a second round of PCR using internal primer pairs (S2 
and AS2, see Fig. 1). The 2 pairs of PCR primers were located in the 
nonstructural region NS3 of HCV genome, according to the prototype HCV 
sequence (Houghton et aI., 1989). The PCR product was electrophoresed in 
a 2% agarose gel and visualized by ethidium bromide staining. 

After the first round of PCR, only one out of the 40 NANB samples was 
found to have the expected amplification band in a 2% agarose gel. After the 
2nd round of PCR amplification, however, the expected 204 bp amplification 
band was observed in 26 out of 40 NANB sera tested (Fig. 2A and Table 1). 
After Southern transfer, all these 26 samples hybridized with a cloned 
HCV cDNA probe provided by Dr A. 1. Weiner from Chiron Corporation 
(Fig. 2B), suggesting the specificity of amplification. The PCR results were 
compared with those of the anti-CWO ELISA test (Table 1). Of the PCR 
positive cases, 69% were positive for anti-CWO, while 72% of anti-CWO 
positive cases were positive for HCV RNA by PCR. The concordance of 
HCV RNA and anti-CWO was 63%. 

Detection of HCV sequences by PCR was originally reported by Weiner. 
et al. [8]. However, the amount of HCV sequences circulating in the blood is 
so low that detection by two successive rounds of PCR using 2 sets of primer 
pairs (nested PCR) was more successful for serum samples [9-11]. The high 
detection rate of HCV cDNA (65%) in our samples suggests that the primer 
pairs used in this study are relatively conserved between the original Chiron 
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Fig. 2. PCR amplification of HCY sequence from French NANB hepatitis patients (A) and 
hybridization with an HCY eDNA probe (B). The serum samples are numbered as lanes 1-8. 

The location of the expected amplification band is indicated by an arrow 

Table I. Correlation between HCY RNA 
and anti-ClOO 

RNA+ RNA- Total 

Anti-ClOO 18 7 25 
Anti-ClOO 8 7 15 

Total 26 14 40 

HCV strain and the predominant HCV strains circulating in France. This is 
consistent with the idea that NS3 is a relatively conserved region ofthe HCV 
genome. Moreover, we have recently determined PCR amplified HCV 
sequences from several French patients. Sequence data showed a high degree 
of homology between the major French HCV strain and the prototype 
Chiron strain [12]. However, sequence homology between major French 
HCV isolates and a Japanese isolate is low. Recently, a 1.5 kb sequence of 
a French HCV isolate has been determined (Li et aI., submitted). This will 
allow better clinical PCR detection of HCV infection in European countries 
by using primers directly based on European HCV strains. 

Comparison of the results between HCV RNA detection and anti-ClOD 
serology revealed about 37% discordance between those two HCV markers. 
It is clear that the anti-ClO~ marker is unable to discriminate by itself 
between past or currently active infection. Since we could detect HCV RNA 
using only 100 ).11 serum equivalent, the method reported here should find 
wide application in clinical research. One major application of the PCR 
technique will be the study of the different therapeutic approaches aimed 
at the suppression of HCV replication [10]. In one of the cases that we 
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tested, HeV RNA was detectable before interferon therapy but became 
undetectable in the two samples obtained during and after treatment. 
Further study based on large number of samples will allow us to evaluate the 
effectiveness of this method for the follow up of interferon therapy in chronic 
hepatitis C. 
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Hev and blood transfusion 

H. W. Reesink 1, C. L. van der PoeP, H. T. M. Cuypers2, and P. N. Lelie2 

1 Red Cross Blood Bank Amsterdam 
2 Central Laboratory of the Netherlands, Amsterdam, The Netherlands 

Summary. Posttransfusion hepatitis remains a threat to transfusion therapy. 
Testing for increased AL T levels has been used in an attempt to reduce this 
risk. Presence of the infectious agent, hepatitis C virus (HCY), appears to be a 
much more sensitive criterion. Stored serum samples from transfusion blood 
as well as recipients of transfusion were tested by ELISA, RIBA and PCR for 
the presence of HCY. The results show that RIBA and PCR are about 
equally sensitive and are able to detect HCY positivity in many sera that 
might have been otherwise transfused. Routine screening for the presence of 
virus will dramatically reduce the danger of hepatitis infection to transfusion 
patients. 

* 

Posttransfusion hepatitis (PTH) is one of the major complications of blood 
transfusion therapy. Recipients of blood products have about a 10% risk of 
developing PTH in the United States, in Northern Europe 2-4% and in 
Southern Europe 15-20%. 

All studies show that 80-90% of all PTH cases are attributed to 
non-A/non-B (NAN B) hepatitis [1]. Several independent studies demon
strated that a proportion of the donors carrying the NANB agent had 
increased levels of alanine amino transferase (AL T). When donors with 
elevated ALT were excluded about 30% ofPTH-NANB would be prevented. 
Some older studies indicated that anti-hepatitis-B core (anti-HBc) positive 
donors may have an increased risk to transmit PTH-NANB, but more recent 
studies do not confirm this [1, 2]. 

Researchers at the Chiron Corporation (USA) recently isolated a cDNA 
clone from a parenterally transmitted NANB-hepatitis viral genome. This 
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virus was named hepatitis C virus (HCV). A polypeptide antigen (ClOO-3) 
was expressed in yeast, with which first a RIA and later an ELISA antibody 
test (anti-HCV) could be developed. The specificity, sensitivity and predictive 
value of the new anti-HCV ELISA was established by studying sera from 
donors and recipients, implicated and not-implicated in PTH-NANB [3,4]. 

From 1984 through 1986 a prospective study was conducted in 
Amsterdam to establish the incidence of PTH-NANB in patients who 
underwent cardiac surgery [2]. 

In 1989 stored serum samples of 51 50 blood product transfusions and 383 
recipients of the prospective study were tested with anti-HCV ELISA. 

6 of 9 (67%) recipients with PTH-NANB and 9 of 374 (2.4%) without 
PTH-NANB seroconverted and became anti-HCV positive (Chi square, 
p<O.OOl). 

6 of 151 (3.9%) bloodproducts transfused to recipients with PTH-NANB 
and 31 of 4999 (0.6%) bloodproducts transfused to recipients without PTH
NANB were anti-HCV-reactive (Chi square, p<O.OOl). 

Of 35 anti-HCV positive blood products 9 (26%) were associated with 
patients developing PTH-NANB and/or anti-HCV seroconversion. 

Donor co-factors associated with infectivity of anti-HCV positive blood 
products were: raised ALT (6 of 9 infective vs 1 of 26 not-infective); a mean 
ELISA optical density/cut-off ratio ? 2 (7 of 9 vs 9 of 26); and persistent 
donor anti-HCV seropositivity (7 of 14 vs 0 of 14) [5]. 

A recently developed recombinant immunoblot assay (RIBA) apply
ing the 5-1-1 antigen and C100-3 antigen (Ortho) may also be a tool 
to discriminate infectious from non-infectious anti-HCV positive blood 
donors [6]. 

Of the anti-HCV positive blood products associated with recipient PTH
NANB, 4 of 6 were RIBA positive as compared to 2 of 31 anti-HCV positive 
bloodproducts not associated with recipient PTH-NANB [7]. 

In 1990, fresh plasma could be obtained from the recipients and part of 
the anti-HCV positive donors. A polymerase chain reaction (PCR) to detect 
viral RNA sequences (developed in our institutes) was applied to these fresh 
sera. PCR-positivity correlated strongly with RIBA positivity in donors as 
well as in recipients. 

The use ofanti-HCV blood donor screening to prevent PTH-NANB, was 
compared with AL T screening. A corrected efficacy of 63 % and 65 %, a 
specificity of 93% and 64% and a positive predictive value of 16.2% and 
3.6% were found, respectively; 0.7% or 3.8% of blood donations would be 
discarded, respectively. 

The introduction of routine screening of blood donors for anti-HCV 
antibodies will dramatically reduce the risk of developing PTH-NANB for 
recipients. 

A problem for the blood transfusion organisations will be that at present 
no practical confirmatory assays are available to discriminate infectious 
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from non-infectious donors, thus causing the rejection of a high proportion 
(in the Netherlands 75%) of non-infectious anti-Hey reactive blood donors. 
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Evaluation of anti-HeV positive blood donors identified during 

routine screening 
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J. Guardia, and R. Esteban 
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Barcelona, Spain 

Summary. Of 30,231 donors tested, 368 (1.2%) were anti-HCY positive. Of 
these, 254 have been evaluated, with the following results: only 25% have 
a history of parenteral risk, seroprevalence increases with age and approxi
mately 80% of those that are anti-HCY positive in our population are 
probably infected with HCY. In addition, an unexpectedly large number of 
these persons have chronic and/or severe liver disease and will require 
combined diagnostic approaches for accurate evaluation. 

* 
The identification of the hepatitis C virus (HCY) as the major causative agent 
of non A, non B hepatitis, and the development of a recombinant ELISA to 
detect antibodies directed to this agent will provide an invaluable tool to 
better define the natural history of this chronic disease. 

The significance of a positive antibody test in asymptomatic persons 
detected during screening, regarding both potential infectivity and presence 
ofliver disease, remains largely unknown. We have therefore investigated the 
epidemiological, clinical and histological features of a large cohort of anti
HCY positive patients identified at blood donation. 

Of the 30,231 donors tested between July 1989 and April 1990, 368 (1.2%) 
were found repeatedly reactive for anti-HCY (Ortho). Their mean age was 
45.8 ± 0.82 (range 19 to 65), and only 29% were first time donors. Although 
the overall prevalence of anti-HCY among male and female donors was 
similar, male donors aged < 40 had a significantly higher prevalence of 
seropositivity than female donors of similar age (1 % vs 0.45%, respectively; 
p < 0.0001). Similarly, the anti-HCY prevalence among donors aged > 50 
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was almost three times as high as that found in donors ~ 50 irrespective of 
gender (2.5% vs 0.9%, respectively; p<0.0001). 

Of 254 seropositive patients evaluated so far, only 24% had a history of 
evident percutaneous blood exposure (transfusion or i.v. drug abuse). When 
compared to sex and age-matched seronegative donors, a family history of 
liver disease, a history of blood transfusion, and previous i.v. drug abuse 
and/or tattoing were all variables independently associated with seropositiv
ity. A history of drug abuse and/or tattoing was the only factor associated 
with seropositivity among donors aged < 30, but only among males. Also, 
a history of surgery and/or transfusion correlated with seropositivity in all 
donors older than 30, irrespective of sex. 

At evaluation, all patients were asymptomatic, and abnormalities of the 
physical exam were found in 9% of them. Thirty-eight percent of the 
seropositive donors had an elevated ALT level compared to only 4% of 
seronegative controls. This proportion of patients with AL T elevation 
increased to 58% during subsequent follow-up. Moreover, during interview 
15% of anti-HCV positive donors had a history of previous ALT abnormal 
levels in the preceding years compared to only 1 % of controls (p < 0.0001). 

Patients were classified into 4 groups according to their mean initial 
ELISA ratio (ER) (sample OD divided by cut-off value): 112 (44%) with 
ER> 5 (group I); 64 (25%) with ER between 2.1 and 5 (group II); 55 (22%) 
with ER between 1 and 2 (group III); and 23 (9%) with ER between 0.6 and 
0.9 (group IV). Initial samples from 113 seropositive donors were also tested 
with a recombinant immunoblot assay (RIB A, Chiron). Sixty-one percent 
were considered positive (reactive for both the 5.1.1. and C-100 bands), 31 % 
gave indeterminate results (unreactive for one band or faintly reactive for one 
or both bands) and 8% were negative (unreactive for both bands). Indetermi
nate results were classified in 2 groups: those with a detectable 5.1.1. band 
(type A) and those reactive only for the C-100 band (type B). The proportion 
of patients with each RIBA pattern was significantly correlated with their ER 
group: group I: 90% positives, 6% indeterminate A, 4% indeterminate B; 
group II: 54% positives, 25% indeterminate A, 21 % indeterminate B; groups 
III + IV: 24% positives, 42% indeterminate A, 10% indeterminate B, 24% 
negatives. 

The proportion of patients with elevated AL T significantly correlated 
with the ER group (p = 0.005). Sixty-one percent of patients in group I had 
abnormal ALT; in group II, the ALT was elevated in 55% of the cases; and 
only 40% of donors had a raised AL T in group III + IV. At the same time, an 
elevated AL T profile was observed in 71 % of donors reactive for the 5.1.1. 
band (RIBA positive + type A indeterminates), whereas only 10% of donors 
unreactive for this band (RIBA negative + type B indeterminates) had a 
raised AL T (p < 0.0001). 

Liver biopsy was randomly performed to 83 seropositive patients; this 
group was not different from the total group of donors evaluated. Some 
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degree of histological abnormality was found in 81 % of them: 13% had 
minimal changes, 25% chronic persistent hepatitis, 36% chronic active 
hepatitis and 6% active hepatic cirrhosis. The percentage of donors with 
histological abnormalities increased with the ER: 57% of those with ER ~ 2, 
75% of those with ER between 2.1 and 5, and 98 % of those with ER > 5. All 
patients with an elevated AL T had liver damage, irrespective of their ER, 
while all patients with a normal liver had normal AL T. The presence of a 
5.1.1. band in the RIBA was also predective of liver damage, specially among 
donors with an ER> 2. This band was detectable in 10 donors of this group 
of 12 with liver damage, it was absent in 5 of the 6 with a normal histology, 
and 10 of the 11 with a detectable 5.1.1. band had abnormal histology. 

Investigation of infectivity was done through "look-back" analysis of 
a subset of 43 donors. 36 (84%) of them were considered infectious: 22 had 
been implicated in cases of posttransfusion hepatitis, and at least two 
recipients of previous donations from the remaining 14 were found anti-Hey 
positive. Several variables were investigated to identify markers of potential 
infectivity in these implicated donors. An elevated ALT level, a 5.1.1. band 
present RIBA pattern, and the presence of histological abnormalities were all 
significantly correlated with infectivity. However, none of them was found 
independently associated with infectivity. 

In summary, three are the most remarkable findings of this study. First, 
the confirmation that only 25% of asymptomatic anti-Hey positive persons 
have a history of parenteral exposure to blood, and that seroprevalence 
increases with age. Second, that about 80% of anti-Hey positive persons are 
very likely persistently infected with Hev. And third, that an unexpectedly 
high proportion of these people have chronic, and often severe liver disease. 
The combination of AL T determination, ELISA ratio, RIBA pattern and 
liver biopsy will help to better evaluate persons who test positive for anti
HeV during routine screening. 

Authors' address: Dr. 1. I. Esteban, Liver Unit, Department of Medicine, Hospital 
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Arch Virol (1992) [Suppl] 4: 247-248 
cD Springer-Verlag 1992 

Presence of HeV RNA in serum of asymptomatic blood donors 

involved in post-transfusion hepatitis (PTH) 

E. Villa!, M. Melegari!, I. Ferretti!, C. Vccchi 2, P. P. Scaglioni!, M. De Palma 2, 

F. Manenti! 

Chair of Gastroenterology! and Blood Bank 2, University of Modena, Italy 

Summary. To study the causes of residual posttransfusion hepatitis, serum 
from implicated donors was tested by PCR for the presence ofHCY RNA. Of 
20 anti HCY negative donors, 4 were HCY RNA positive and thus, infective. 
The results suggest that higher-level investigations are necessary for prospec
tive donors who present blood enzyme abnormalities or other questionable 
characteristics. 

* 
Since HCY RNA is a direct marker of HCY infection, we investigated a 
group of blood donors involved in PTH for the presence in serum of HCY 
RNA [1]. 

In a group of 27 blood donors involved in eight cases of HCY -positive 
PTH, routine blood tests and HCY antibody (ELISA and RIBA, Ortho 
Diagnostic Systems) were studied. For the detection of viral sequences, 
serum RNA was extracted according to the method of Chomczynski and 
Sacchi [2J, reverse-transcribed and amplified using primers belonging to the 
non-structural region of HCY. 

Results 

The amplified product of the PCR reaction was 582 base pairs, as predicted 
from the HCY sequence. Of the 27 donors examined, 7 (25.9%) were found to 
be anti-HCY positive by ELISA, HCY RNA was present in 5 (7] .4%) ofthese 
anti-HCY positive subjects, all were RIBA positive. Among the 20 anti-HCY 
negative blood donors (all RIBA negative), 4 (20.0%) were HCY RNA 
positive. 
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ALT levels were found to be below 45 DIll in 18 donors while the other 
7 had ALTs over the limit accepted for transfusion. The anti-HeV negative, 
HeV RNA positive blood donors had repeated abnormal tests in the past 
but now had normal AL Ts. 

Discussion 

Our study offers a direct explanation for the substantial proportion of 
residual cases of anti-HeV positive PTH: 37% of the anti-HeV negative 
blood donors involved were HeV RNA positive and therefore infective. 
Another relevant characteristic of these subjects was the normality of AL T 
values in 3 out of 4: none of the current screening tests, therefore, would have 
revealed the risk associated with the transfusion of this blood. This suggests 
the opportunity of creating a register of blood donors who have presented 
blood enzyme abnormalities and who have been reevaluated by applying 
second-level investigations such as HeV RNA. 
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Summary. The aim of this large survey which covered 173,038 un selected 
blood donors, was to determine the seroprevalence of anti-Hey antibodies 
and surrogate markers (ALT and anti-HBc) in France. The results revealed 
a frequency of 0.63% of anti-Hey positive donors. The correlation with 
surrogate markers was very poor but since we know nothing about the 
infectivity of anti-Hey negative donations, screening of surrogate markers 
must still be performed to prevent post-transfusional hepatitis. 

* 
Serological testing for anti-Hey antibodies has been mandatory for every 
blood donation in France since March 1990. A cooperative study involving 
twelve blood transfusion centres was carried out to determine the seropreval
ence of anti-Hey in blood donors and the correlation between anti-Hey 
and the surrogate markers (SM) alanine aminotransferase (AL T) and anti
HBc for which French blood donors have been systematically tested since 
1988. 

This large survey covered 173,038 unselected donors from various areas 
of France evenly distributed throughout the country. The Ortho HeV 
antibody ELISA test system was used according to the manufacturer's 
instructions. Each serum was tested once and every reactive specimen was 
tested in duplicate. 1,099 samples were repeatedly reactive for anti-Hey and 
the frequency (0.63%) did not differ significantly in the various parts of the 
country (Fig. 1), not even in Toulouse where anti-HBc has already been 
tested for over a long time period or in large metropolitan areas such as Paris 
or Marseille. 

Of 173,038 samples tested, 165,393 had no SM but 7,645 had one or both. 
In the anti-Hey negative population 96% had no SM but 4% had one. In 
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Fig. 1. Seroprevalence of anti-Hey antibodies in France 

the anti-HeV positive population', 84% had no SM but 16% had one. Anti
Hev positive donors represent only 0.55% of the SM negative population 
(917/165,393). Anti-HeV and SM positive samples represent 2.38% of the 
SM positive population (182/7,645) and we can say that the SM frequency is 
four times greater in the anti-HeV positive population than in the negative 
population. But, as the SM positive population represents only 5% of the 
total (7,645/173,038) most of the anti-HeV positive donors are in the SM 
negative population. The correlation between anti-HeV and raised ALT was 
better than that between anti-HeV and anti-HBc (5.45% versus 2.43%) if we 
consider that raised ALT is 2 times less frequent than anti-HBc in the general 
population. As donors with SM constituted only 5% of the total, only 16.5% 
of anti-HeV seropositive donors would have been eliminated from blood 
donation by testing for anti-HBc/ALT. 

These results are summarized in Table 1 and Fig. 2. They were obtained 
in a country with a low incidence of anti-HBc (about 3% of blood donors in 
France). By screening anti-HeV and SM, 5% of blood donations are 
destroyed: 0.1 % are anti-HeV and SM positive, 0.5% are only anti-HeV 
positive and 4.4% are SM positive without anti-HeV antibodies. 

The ELISA tests for virus detection have now reached satisfactory 
sensitivity levels. However, falsely positive reactions remain a matter of 
concern. The Recombinant Immuno Blot Assay (RIBA) or the neutralization 
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Table 1. Distribution of surrogate markers (SM) in anti-HCV 
positive and negative populations 

SM neg. SM pos. Total 

aHCV neg. N 164476 7463 171939 
% 95.6% 4.35% 100% 

aHCV pos. N 917 172 1099 
% 83.4% 16.6% 100% 

Total 165393 7645 173038 

0 ALT (-) I HEr (.J 

0 ALI + 

Ir:!:l HEr + 

Ea ALT + / HBr + 

Fig. 2. Distribution of surrogate markers in the anti-HCV positive population 
(1,099 samples) 

test might help to check the results of ELISA tests. In two groups of ELISA 
anti-Hey positive donors, only 45% [1J and 44% [2J of samples were found 
RIBA seropositive. Such results indicate that epidemiological studies using 
solely the ELISA test may have led to overestimation of the real frequency of 
anti-Hey seropositive donors. 

Large prospective studies are needed to evaluate the efficiency of anti
HeV testing in blood donors and to find out how many anti-Hey negative 
donations are infectious. 
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Summary. The prevalence of anti-ClOO-3 increases with age from 0.41 % 
to 1.26%. It is more frequent in donors with elevated ALT (4.5%). Most 
AL T elevations, however, are not related to anti-ClOO-3. Low EIA signals 
( < 3 x cutoff) are often non-specific. The cutoff value should be 2.5 times 
higher. High EIA signals correlate with AL T elevations. 

* 
The German Red Cross Blood Transfusion Service of Lower Saxony 
(Northern Germany) introduced routine screening for hepatitis C virus 
(HCY) infections on May 2, 1990. During the first three months, 116,700 
different donors were tested by an enzyme immune assay for antibodies to 
recombinant HCY protein ClOO-3 from yeast (Ortho Diagnostics), and 842 
donors (=0.72%) were repeatably reactive. This rate is relatively low and 
poses some problems for the effectiveness of the routine screening procedure, 
as shown below. 

The repeatable reactivity rate increased with age from 0.41 % in the 
youngest age group to 1.26% for those over 58 years old (see Table 1). The 
difference between the repeatable reactivity rates for men and women of 58 
years or older was not significant. 

The repeatable reactivity rate increased also with the ALT level of the 
current donation. It was 0.66% for donors with normal ALT compared to 
4.56% for donors with an AL T of more than twice the upper limit of the 

* Present address: Institute of Medical Virology, University of Giessen, Federal 
Republic of Germany, 
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Table 1. Correlation of anti-HCV to sex and age in blood donors 
from Lower Saxony (Percentage of anti-HCV positives and 

absolute numbers) 

Age Sex Sum 
(Years) male female 

All 0.71% 0.73% 0.72% 
age groups 515/72,212 327/44,488 842/116,700 

18-27 0.42% 0.41 % 0.41% 
70/16556 46/11,160 116/27,716 

28-37 0.48% 0.48% 0.48% 
65/13,526 41/8,376 106/21,902 

38-47 0.68% 0.72% 0.69% 
107/15,707 71/9,795 178/25,502 

48-57 0.98% 0.98% 0.98% 
184/18,771 106/10,813 290/29,584 

~58 1.16% 1.45% 1.26% 
89/7,652 63/4,344 152/11,996 

normal range. Women with slightly elevated AL T were much more often 
reactive than men. 

We have stored in our computer ALT results of all blood donations since 
1975. In fact, many reactive donors had ALTelevations in previous donations. 
However, 95-99% of the ALT elevations in the past were not associated with 
anti-ClOO-3, and thus were probably not due to HCV (Table 2). 

We then further evaluated the Ortho anti-ClOO-3 test. Optimally, it 
should have a minimal number of results around its cutoff value between 
positive and negative. However, in 15,545 blood donors we found a 
frequency minimum of optical densities between 2.5 and 3 times the cutoff. 
Further analysis of 529 positive and grey-zone results confirmed this finding. 
The reproducibility was very good for the strongly reactive samples. Out of 

Table 2. Anti-CI00-3 and ALT elevations in previous blood 
donations 

Highest AL T (IU /1) for Anti-CI00-3 in current donation 
previous donations pos. neg. % pos. 

=(; 19a 0 r =(; 23 b 447 69,248 0.64 
=(; 37a or =(; 45b 260 29,725 0.87 
<100 58 5,087 1.14 
~ 100 18 355 4.83 

a female donors b male donors 
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122 sera with an initial O.D. of ~ 2.200,97 had the same O.D. in both retests. 
Four initially strongly reactive results were not reproducible. This false 
positivity, even if very strong, may be due to occasional difficulties in 
handling the Ortho ELISA plates with the Behring ELISA processor. The 
reproducibility was much lower for low positives and grey-zone results. 
These findings correspond to those of Weiner et a1. [1]. 

With the new cutoff of 2.5 times the former one, there would have been 
179 initially reactives instead of 457 and 156 repeat ably reactives instead of 
375. 

Serum-AL T is significantly more often elevated in donors strongly anti
ClOO-3 positive than in low anti-ClOO-3 positive donors. If an optical density 
of more than three times the original cutoff is the marker for strong 
positivity, then 33.1 % of these donors have an ALT of ~ 19 IU /1 compared 
to 11.9% of donors with a low anti-ClOO-3 positive result (Chi 2 = 29.9). The 
difference remains significant for all AL T -limits between 17 IU /1 and 40 IU /1. 

A total of 27,508 donors donated twice between May 2 and October 8, 
1990. Of these, 27,276 or 99.15% were anti-HCV negative on both occasions; 
41 converted from negative to repeatably positive; 46 were repeatably 
positive at the time of the first and negative at the time of the second 
donation; 145 were positive for both donations. This means that possibly 
22% of donors repeatably reactive for one donation are found negative for 
the next donation about 3 months later. 

From the repeatably Ortho anti-ClOO-3 reactive samples 379 were 
available for retesting in the corresponding Abbott test. Of these, 105 
samples or 28% were initially negative. Twenty-eight samples were in the 
Abbott grey zone of cutoff minus 20 percent and only 246 of the 379 samples 
(65%) were initially reactive in the Abbott test. The initial Abbott results 
correspond to some extent to the strength of the initial Ortho results. We did 
no retesting with the Abbott test and we had no possibility to crosscheck 
Abbott positive samples with the Ortho test. 
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Chronic viral hepatitis in children 
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Summary. Hepatitis B virus is the most common causative agent of chronic 
viral hepatitis in children. The disease may take an aggressive course, but 
remains mostly asymptomatic. HDV infection occurs in about 13 % of those 
children who are chronic carriers and are HBsAg positive. HCV infection is 
generally related to parenteral risk and generally remains asymptomatic. In 
addition to describing the course of the various diseases, treatment and 
control measures are discussed. 

* 

Chronic viral hepatitis in children is mainly related to Hepatitis B virus 
(HBV) infection and in some cases to infection with Hepatitis D virus (HDV) 
or with the newly described Hepatitis C virus (HCV). 

Chronic HBV infection occurs in three phases [1]. In the replicative 
phase, the child exhibits all serum markers of active viral replication (HBeAg, 
HBV DNA). In liver tissue, HBcAg is detectable in the nuclei of the 
hepatocytes and free HBV DNA is detectable by molecular hybridization 
techniques. Aminotransferases are increased and liver histology shows 
inflammation and necrosis with the picture typical of a chronic aggressive 
hepatitis in almost 60% of patients. The spontaneous seroconversion phase 
occurs after a mean period of 4 to 5 years which can however be as long as 
8 years or more. It is characterized by the appearance of anti-HBe antibodies 
and by the progressive disappearance of serum and tissue markers of HBV 
replication. Aminotransferases tend to normalize often after an abrupt 
increase which is generally asymptomatic. The mean annual rate of HBe 
seroconversion is about 16%, with a wide range from 10 to 30% [2]. 

Ongoing seroconversion could be predicted if: 1. the child is more than 
3 years of age; 2. the mother is HBsAg negative; 3. there is history of an acute 
disease; 4. the child has an active disease with aggressive hepatitis on liver 
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biopsy and/or with focal pattern of distribution of HBcAg in liver tissue [3]; 
5. High titers of anti-HBc IgM are present in the serum [4]. In the non
replicative phase, seroconversion to anti-HBe is stable and persistent, serum 
HBV DNA is absent, aminotransferases are normal and histologic activity is 
absent. Spontaneous clearance of serum HBsAg is exceptional in these 
patients. 

Chronic hepatitis B in children is rarely symptomatic or associated with 
clinical evidence of severe chronic liver disease. In most children, the 
condition is detected fortuitously by the finding of increased serum amino
transferase activities and/or of a moderate, asymptomatic liver enlargement. 
In the vast majority of children HBeAg is present at diagnosis, however 
about 15% of patients may present with increased aminotransferases activity 
and anti-HBe in the serum. In these patients serum markers of HDV 
infection and serum HBV DNA must be evaluated. Children with increased 
aminotransferases, anti-HBe, but without HDV infection represent a hetero
geneous group with a variety of histological patterns including cirrhosis [5]. 

The course of the liver disease related to the HBV infection depends 
mostly on the severity of liver damage. A liver biopsy in a child with chronic 
HBV infection can demonstrate, along the duration of the disease, different 
patterns of liver injury. Cirrhosis is one of the most severe complications of 
HBV infection in children; it may occur at any age and at any phase of the 
disease. Rapid evolution toward cirrhosis may be demonstrated particularly 
during infancy and may be associated with very little or absent clinical and 
biochemical evidence of liver damage [6]. The prevalence of cirrhosis in 
children with chronic HBV infection is wide, ranging from 3-32% in the 
largest published series [7-9]. This difference may depend on different 
factors, such as the number of patients studied, geographic or ethnic origin 
and the different degree of sensitivity of the methods employed for dia
gnosing cirrhosis. In children, blind percutaneous liver biopsy is, in fact, a 
low-sensitivity test with up to 50% false negative results [9]. Risk factors for 
severe liver lesions and cirrhosis include: 1. Male sex; 2. Infection in early age; 
3. Evidence ofHDV infection and 4. Early seroconversion to anti-HBe [7, 8]. 

HBV infection plays a major role in the development of hepatocellular 
carcinoma [10]. Integration of HBV DNA sequences into the liver cell 
genome has been demonstrated in children with chronic hepatitis, however 
this event does not seem to be related to the duration or the severity of the 
disease [11]. Although hepatocarcinoma is a rare event in childhood, it has 
been described with increasing frequency in chronic carriers of HBsAg as 
young as 6 years of age. Early diagnosis is based on frequent evaluation by 
ultrasonography and serum alpha-fetoprotein level. When hepatocarcinoma 
is clinically symptomatic the prognosis is poor. 

The prevalence of HDV infection in children with HBsAg positive 
chronic hepatitis is about 13 % and association with severe active disease or 
cirrhosis is frequent [12]. The risk of HDV infection for childhood HBsAg 
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chronic carriers increases with age. Other risk factors are geographic and 
familial environment and exposure to blood derivatives. 

Prevalence studies of HCV infection in children using the recently 
available serological test for anti-HCV are in progress. Sporadic infection 
seems infrequent, however patients frequently exposed to blood transfusion 
or derivatives are at risk ofHCV infection. The disease is rarely symptomatic 
and persistent increase of serum aminotransferases with variable inflammat
ory activity in the liver is the main feature. 

Treatment 

The best way to control the disease related to HBV infection is active 
prevention with HBV vaccination. In adults, alpha-interferon therapy results 
in a higher HBe seroconversion rate and in a significant loss of HBsAg in 
patients treated versus controls. Two controlled trials in children failed to 
confirm these encouraging results, showing a similar rate of HBe seroConver
sion in patients treated and controls without disappearance of HBsAg from 
serum [13, 14]. 

A pilot study of alpha-interferon treatment in children with HDV 
infection is in progress in Italy. No data are available on interferon therapy in 
children with anti-HCV positive chronic hepatitis. 

References 

1. Alagille 0, Hahchouel M, Maggiore G, Bernard ° (1989) Viral hepatitis in children. 
In: Lebenthal E (ed) Textbook of gastroenterology and nutrition in infancy, 2nd edn. 
Raven Press, New York, pp 1005-1015 

2. Bortolotti F, Cadrobbi P, Crivellaro C et al (1983) Changes in hepatitis B e antigen 
antibody system in children with chronic hepatitis B virus infection. J Pediatr 103: 
718-722 

3. Bortolotti F, Alberti A, Cadrobbi P, Rugge M, Armigliato M, Realdi G (1985) 
Prognostic value of hepatitis B core antigen (HBcAg) expression in the liver of children 
with chronic hepatitis type B. Liver 5: 40-47 

4. Bortolotti F, Bertaggia A, Rude Let al (1987) IgM antibody to hepatitis B core antigen 
in children with chronic type B hepatitis. Eur J Pediatr 146: 394-397 

5. Bortolotti F, Calzia R, Cadrobbi P, Crivellaro C, Alberti A, Marazzi MG (1990) Long 
term evolution of chronic hepatitis B in children with antibody to hepatitis e antigen. 
J Pediatr 116: 552-555 

6. Maggiore G, De Giacomo C, Marzani MD, Sessa F, Scotta MS (1983) Chronic viral 
hepatitis in infancy. J Pediatr 103: 749-752 

7. Bortolotti F, Calzia R, Cadrobbi Pet al (1986) Liver cirrhosis associated with chronic 
hepatitis B virus infection in childhood. J Pediatr 108: 224-227 

8. The Italian Pediatric Study Group on Chronic Hepatitis (1986) Chronic hepatitis Bin 
children: a multicenter study in Italy. (Abstract) Pediatr Res 20: 699 . 

9. Vajro P, Hadchouel P, Hadchouel M, Bernard 0, Alagille 0 (1990) Incidence of 
cirrhosis in children with chronic hepatitis. J Pediatr 117: 392-396 



262 Chronic viral hepatitis in children 

10. Wu TC, Tong MJ, Hwang B, Lee SD, Hu MM (1987) Primary hepatocellular carcinoma 
and Hepatitis B infection during childhood. Hepatology 7: 46-48 

11. Scotto J, Hadchouel M, Hery C et al (1983) Hepatitis B virus DNA in children's liver 
diseases: detection by blot hybridisation in liver and serum. Gut 24: 618-624 

12. Maggiore G, Hadchouel M, Sessa F et al (1985) A retrospective study of the role of delta 
agent infection in children with HBsAg-positive chronic hepatitis. Hepatology 5: 7-9 

13. Lok ASF, Lai CL, Wu PC, Leung EKY (1988) Long term follow-up in a randomized 
controlled trial of recombinant alpha-2-interferon in chinese patients with chronic 
hepatitis B infection. Lancet ii: 298-302 

14. La Banda F, Ruiz Moreno M, Carreno V et al (1988) Recombinant alpha-2-interferon 
treatment in children with chronic hepatitis B. Lancet i: 250 

Authors' address: Dr. G. Maggiore, Clinica Pediatrica, Policlinico San Matteo, 1-27100 
Pavia, Italy. 



Arch Virol (1992) [Suppl] 4: 263-264 
© Springer-Verlag 1992 

Long-term outcome of chronic type B hepatitis in childhood 

M. MengolP, M. E. Balli 2 , S. Tolomelli 1, A. GhirarduzzP, and F. Balli2 

1 Unita di Epatologia, Divisione di Medicina Interna Ospedale S. Sebastiano, 
Correggio (RE) 

2 Clinica Pediatrica Universita di Modena, Italy 

Summary. The course of hepatitis B was followed in 35 children. Various 
prognostic factors are evaluated. The long-term outcome of the disease is 
poor, often progressing to cirrhosis. 

* 
Although we have only a partial knowledge of the natural history of chronic 
type B hepatitis in childhood, some authors believe that the outcome of this 
liver disease is generally good and cirrhosis is a rare early complication of 
HBV infection [ll 

Clinical, biochemical and histological features of chronic type B hepatitis 
were evaluated in 35 children (M 28 and F 7; mean age 6.3 y; 23 CAH, 12 
CPH) hospitalized in the period 1970-82 and followed up for a mean period 
of 12 years (range 8-20 years). Twenty-one patients (14 CAH and 7 CPH) 
had previously recognized acute hepatitis (anicteric in 10 cases). The possible 
source of infection was believed to be household contact in 16 patients, but it 
remained unknown in 19. Hepatomegaly was detected in all, associated with 
splenomegaly in 9 cases. Eight children were symptomatic while all patients 
had raised aminotransferase levels. All cases were HBsAg and anti-HBc +: 
25 HBeAg and 5 anti-HBe+, 5 HBeAg and anti-HBe-. In all patients one 
or more subsequent liver biopsies were performed during the study. No 
therapy was instituted in CPH; at the beginning of follow-up all children 
with histological features of CAH received immunosuppressive treatment 
(prednisone plus azathioprine), which was discontinued after 4 to 36 months 
in all cases. 

Aminotransferase levels, both in CPH and CAH patients, decreased to 
almost normal levels independent of the histological outcome. Fourteen 
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children (11 CAH, 3 CPH) seroconverted from HBeAg to anti-HBe; the 
difference of mean seroconversion time in CPH, in children with CAH who 
improved and who became worse during follow-up, was not significant. 
None of the children cleared HBsAg from serum during the study. In all but 
one cases of CPH, a histological improvement occurred during follow-up; 
whereas 15 (65.2%) cases of CAH showed aggravation of the lesions, with 
progression to cirrhosis in 6 cases (26.1 %), 8 cases (34.8 %) presented an 
improvement of the histological picture. 

In conclusion, it seems that: 

- There is no correlation between entity of hepatic damage and clinical or 
histological course. 

- Seroconversion from HBeAg to anti-HBe does not necessarily imply a 
favorable prognosis. In our series this event seemed to be a duration 
marker of HBV infection, which was not significantly related to the 
outcome of chronic hepatitis. 

- CPH have, but not invariably, good prognosis. 
- Contrary to previous reports [1J, our study on long-term outcome of 

chronic active hepatitis type B in childhood suggested that prognosis of 
this disease is poor, with frequent disease progression to cirrhosis. 
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Summary. Since thalassemia major patients are transfusion dependent, they 
are at a particularly high risk of contracting post-transfusion hepatitis. In 
this study, 36 transfusion-dependent children were followed up for evidence 
of viral hepatitis. Of 23 with increased ALT levels, 17 were anti-CMV and 12 
were anti-HCV positive, 9 were positive for both CMV and HCY. Of 13 
children with normal transaminase levels, 5 were CMV positive and 3 were 
HCV positive. These results show that CMV may be a very common cause of 
non-A, non-B hepatitis in transfusion dependent thalassemic children. 

Introduction 

HCV has been recently shown as the major cause of post-transfusion non-A, 
non-B hepatitis [1]. Since patients with ~-thalassemia major are life-long 
transfusion dependent, we tested sera from these patients for antibodies to 
HCV and other potentially involved viruses. 

Material and methods 

For 18 months, 36 transfusion-dependent children (23 males) with ~-thalassemia major, 
aged 3 months to 15 years (mean 7.2 years) were followed up for clinical and serological 
evidence of viral hepatitis. Serial serum samples were examined for cytomegalovirus (CMV), 
Epstein-Barr virus (EBV), hepatitis A (HA V), B (HBV), and C (HCV) viruses, by detection of 
class-specific (IgG, IgA, IgM) CMV antibodies [2J, by detection of anti-VCA and anti
EBNA IgM, by viral isolation from urine and/or saliva and by detection of class-specific 
(IgG, IgA, IgM) antibodies [2J, by detection of anti-HA V IgM, HBsAg, HBeAg, anti-HBe, 
IgG and IgM anti-HBc, HBV-DNA, and anti-ClOO-3 antibodies, respectively. 
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Results 

Based on the AL T values, the thalassemic patients were divided into two 
groups: a) 23 subjects (63.8%) with persistently increased ALT values 
(>twice upper limit); b) 13 subjects (26.2%) with persistently normal 
transaminases. Among the patients of group a), 17 subjects (73.9%) showed 
antibodies to CMV and 12 subjects (52.2%) had antibodies to HCV; of these, 
9 subjects (39.1 %) were seropositive to both CMV and HCV. Among the 
patients of group b), 5 subjects (38.5%) showed antibodies to CMV and 3 
subjects (23%) had antibodies to HCV; of these, only one child (7.7%) was 
seropositive to both CMV and HCV. A significantly (p < 0.01) higher rate of 
CMV and HCV infections was, therefore, revealed in the patients with 
persistent hypertransaminasemia in comparison to the patients with normal 
ALT values. 

During the follow-up, 7 out of 23 patients (30.4%) with persistent 
hypertransaminasemia showed 8 episodes of high and rapid AL T increase. 
These episodes were correlated with infections caused by CMV (3), HCV (1), 
HA V (1), EBV (1); two cases remained of unknown etiology. A 6-year old boy 
had two episodes associated with HAV and CMV, respectively. 

Discussion 

Our study showed a high prevalence of HCV and CMV infections in the 
thalassemic patients with persistent hypertransaminasemia. CMV has been 
also associated, more frequently than other viruses, with episodes of high and 
rapid increase of transaminases. Based on pre-existing specific IgG and 
appearance of IgM and/or IgA antibodies, these episodes were likely related 
to reactivated endogenous CMV or to reinfections caused by transfusion
acquired different strains [3]. However, relapse of chronic HCV hepatitis 
might have also occurred, since both patients with unknown episodes of 
acute hypertransaminasemia were already HCV -positive. In conclusion, in 
addition to HCV, CMV should be also considered as a possible cause of 
non-A, non-B hepatitis in transfusion-dependent thalassemic patients. 
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Summary. Virological and serological investigations were performed on 8 
children with clinical and/or laboratory signs of hepatitis. Cytomegalovirus 
(CMV) appeared as the most frequently involved etiologic agent, since it was 
associated with 5 severe or chronically-evolving cases. Out of the other 3 
patients with non-CMV associated hepatitis, all completely recovering, two 
had clinically typical Epstein-Barr virus infections, while the remaining 
patient had an asymptomatic HBV infection. 

Introduction 

Symptomatic hepatitis is not a frequent event in childhood; in fact, both 
acute and chronic hepatitis may often occur subclinically. Hepatitis A virus 
(HA V), hepatitis B virus (HBV) and non-A non-B viruses, including the 
recently recognized hepatitis C virus (HCV), are reported to be the most 
frequently implicated etiologic agents [1, 13]. Cytomegalovirus (CMV) and 
Epstein-Barr virus (EBV) are generally considered as possible causes of 
hepatic disease concomitantly with other, often predominant, clinical mani
festations [4, 7, 8]. 

However, little is known about hepatitis occurring in children aged 1 to 6 
years. The aim of this study was to investigate on epidemiological, virological 
and clinical features of hepatitis in pre-school children. 

Material and methods 

From January 1984 to December 1988, virological and serological investigations were 
performed on 2817 (1521 males) patients, aged 1 day to 15 years, suspected to be affected by 
viral infections. When clinical and/or laboratory findings suggested possible hepatic 
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involvement, tests for main viral agents of hepatitis were also performed. Markers for HBV 
and IgM antibodies against HA V were detected by enzyme immunoassays (EIAs) and/or 
radioimmunoassays (RIAs) from Abbott (North Chicago, IL USA) and Sorin (Saluggia, 
Italy). Antibodies to HCV were detected by a second generation EIA (Ortho Diagnostic 
Systems, NJ USA). Testing for EBV infection used the indirect immunofluorescence (II F) 
method to detect antibodies to viral capsid and EBV-associated nuclear antigens. CMV 
infection was diagnosed by viral isolation from saliva and/or urine and by detection of 
complement-fixing (CF) and class-specific CMV antibodies (IgG, IgA, IgM) using 
a previously described EIA [9]. CMV-specific antibodies were also detected by commercial 
u-capture EIA (ETI-Cytok-M reverse, Sorin, Italy). 

The diagnosis of acute hepatitis was based on clinical history and biochemical features 
(ten-fold or higher increase of transaminases) and on the exclusion of other potential causes 
of acute liver damage. Chronic hepatitis was suggested when transaminases were more than 
two-fold higher than the upper normal levels for at least 6 months. 

Results 

Among all tested patients, 8 previously healthy children (6 males), aged 18 
months to 6 years (mean: 3.2 years), were found to have clinical and/or 
laboratory signs of hepatitis. Of these, 5 patients had concomitant CMV 
infection, two had EBV infection and the remaining patient had HBV 
hepatitis. 

HBV hepatitis was detected by chance in an anicteric 18 month-old boy 
brought to the pediatric ward because he was found to have eye-shadow on 
his lips and tongue. Since he also had moderate hepatosplenomegaly, 
transaminases and other enzymes were examined and all appeared increased: 
in particular, ALT was 1,284 U /L. Moreover, positivity of HBsAg, HBeAg 
and HBV-DNA were detected. Normal values of transaminases were 
revealed after 3 months, and appearance of anti-HBs after 6 months. 

EBV-associated hepatitis occurred in two boys, aged 2 and 4 years, 
respectively. They showed relevant hepatosplenomegaly and clinical mani
festations such as fever or adenomegaly, but no jaundice. The transaminases 
were moderately increased (about 150-300 U/L) and persisted for less than 
one month. 

CMV infection was associated with two cases of acute hepatitis, of which 
one was symptomatic, and three asymptomatic cases of persistently moder
ate hypertransaminasemia. The only symptomatic case of hepatitis occurred 
in a 4 year-old girl, who deceased after 50 days of disease [15]. This patient 
showed progressive worsening, including neurologic and respiratory fea
tures, concomitantly with increasing levels of blood bilirubin (17.5 mg%), 
mostly conjugated (15.5 mg%), and transaminases (AST 6,560 U/L; ALT 
1,180 U/L). Immunological studies revealed decrease of OKT4 cells (43%; 
normal values 55-65%) with low T4/T8 ratio (0.84). Virological exam
inations revealed CMV -specific IgG, IgA and IgM, CF titre of 1: 64, and 
virus isolation from urine. Submassive necrosis, diffuse fibrosis and CMV 
inclusions in hepatocytes and biliary cells were revealed by necroscopy. 
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Asymptomatic acute hepatitis occurred in a 4-year old boy with high 
AST (894 U/L) and ALT (1,134 U/L), which normalized only after 5 months, 
and very low OKT4/T8 cells ratio (0.43); CMV infection was revealed by 
virus isolation from urine and by low CMV -specific IgA levels. 

Chronic persistence of moderate hypertransaminasemia (ALT 
= 100- 200 U/L) was found in three anicteric children, aged 1,2 and 5 years, 
respectively. Laboratory examinations were performed in two cases because 
of protracted diarrhea in one and meteorism and hepatosplenomegaly in the 
other. After disappearance of diarrhea and meteorism, anicteric hyper
transaminasemia persisted in all three patients. No immunologic abnormal
ities were revealed. Two patients recovered after about 2 years, while the 
remaining patient still has, after 6 years, hypertransaminasemia. Light and 
electron microscopic examinations from the liver biopsy recently obtained 
from this latter patient are shown in Figs. 1 and 2. 

Persistent and active CMV infection was detected in all three patients by 
stable CF titre of 1: 64, and high specific IgG levels; in addition, in two of 
these patients, CMV was isolated from urine. Epidemiological studies 
showed an intrafamilial CMV circulation, demonstrated by CF-seropositiv
ity in all cases of CMV -associated hepatitis. 

Discussion 

Our study showed that hepatitis in pre-school children is predominantly 
anicteric and prognostically related to the implicated virus. In fact, both 
HBV and EBV-associated hepatitis were anicteric and self-limited, while 
CMV -associated hepatitis was severe and/or chronically-evolving, although 
generally anicteric. 

Fig. 1. Liver histological examination ( x 2300) from a girl with hypertransaminasemia 
persisting for 6 years, showing steatosis, initial fibrosis and lymphomononuclear cells 
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Fig. 2. Electron micrograph (x 25000), from the same patient, showing lipid vacuoles of 
different size, crystalloid forms suggesting a cholesterol origin, and aggregates of collagen 

fibres in the extracellular space between the hepatocytes 

EBV infection was suspected because of clinical manifestations like 
adenomegaly, hepatosplenomegaly and fever, but hypertransaminasemia 
was a surprising finding because of the absence of jaundice [6, 7, 12]. On the 
contrary, HBV infection was diagnosed only by chance and had an 
undefinable duration. In fact, from the time the diagnosis was made, 
hypertransaminasemia persisted for three months but it is not known when it 
began. This case, presumably related to the transmission from a HBsAg 
carrier girl attending the same nursery of the patient [8], may account for an 
undiscovered rate of horizontally-transmitted hepatitis B [3]. 

The occurrence of CMV -associated hepatitis was higher than expected, 
as it has been also shown in thalassemic patients [10]. Since CMV is the most 
frequent cause of neonatal hepatitis, that may occasionally be severe and 
protracted [2, 4, 5, 12, 14], a congenital or perinatally-acquired CMV 
infection may be suggested for the three patients with persistent hyper
transaminasemia. On the other hand, in both patients with acute CMV 
hepatitis, the absence ofCMV-specific IgM in the asymptomatic case and the 
autoptic finding of diffuse fibrosis in the fatal case suggest that CMV 
infection began some months or even years before the appearance of 
hepatitis. Therefore, a congenital or perinatally-acquired CMV infection 
could not be ruled out even in these patients. 

In conclusion, as shown by the occurrence of a fatal outcome, CMV 
hepatitis may be extremely severe also in presumably immunocompetent 
subjects. Therefore, the need to perform tests for CMV infection in all cases of 
hepatic disease and, moreover, in all neonates with jaundice, hepatospleno
megaly or other possible signs of CMV infection is stressed. 
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Summary. Ten children affected by HBV chronic hepatitis, not responding to 
a previous treatment with interferon (IFN), have been treated with a 
reiterated IFN therapy. The response obtained is not encouraging and only 
one patient became negative for HBeAg and HBV-DNA. 

Introduction 

To date, several therapeutic trials have been performed on the use of IFN in 
antiviral treatment of pediatric HBV hepatitis. Interferons (IFNs) are 
proteins which show their antiviral activity in different ways: 

- inhibition of viral replication by a ribonuclease which destroys viral 
mRNA in the infected cell; 

- inhibition of viral entry into the hepatocyte; 
- inhibition of viral mRNA transfer and of assembly of the whole viral 

particle. 

In chronic HBV hepatitis, IFNs seem to have more immunomodulatory 
than direct antiviral activity [3]. In fact, they operate on the immune 
response to the HBV infection by: 

- activating those cells which can recognize complexes of HLA antigen 
with virus peptides on the cellular membrane; 

- increasing cytotoxic activity of T lymphocytes and Natural Killer cells; 
- selecting and presenting infected hepatocytes to cytotoxic T lymphocytes, 

thus causing histologic damage. 
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The aim of our study is to evaluate the efficacy of a repeated course of IFN 
treatment in patients who were non-responders to a previous IFN therapy. 

Patients and methods 

Ten paediatric patients were treated with human lymphoblastoid IFN (Wellferon); to enter 
the trial patients had to show: 

- positivity of serum HBV-DNA detected by molecular hybridization technique with 32p 

radio labelled cloned HBV-DNA probe; 
- positivity of HBeAg and HBsAg; 
- increased transaminases; 
- histological evidence of chronic hepatitis with hepatocyte expression of HBcAg. 

Clinical characteristics of patients at their entry into the trial are described in Table 1. 
Previously all these patients had already received human Iymphoblastoid IFN according 

to a random schedule establishing 12 weeks of therapy with IFN at the dose of 5 MU/m 
three times a week, preceded by a 4 week course of steroids or placebo treatment [4]. At the 
end of that treatment, all patients turned out to be non-responders (HBeAg, HBsAg and 
HBV-DNA positive) independently from the above mentioned pretreatment (5/10 patients 
had received steroids and 5/10 placebo). In all cases we observed a decrease in serological 
HBV-DNA; a few patients became negative during IFN treatment. This behavior is the 
result of a temporary or an initial extinction of viral replication due to IFN therapy. 

Because of the characteristics of their responses to the first course of IFN therapy, 
lOnon-responder patients, during their third year of follow up, were included in a new 
therapeutic trial. 

They received three consecutive cycles, each lasting two months, of IFN therapy at 
a dose of 5 MU/m 2 three times a week without any pretreatment; at the end of each cycle the 
patients had a two months' rest phase. 

Table 1. Characteristics of patients under 
treatment with IFN 

Patients No 10 
Sex 7M 3F 
Age 1 a-9 aa 

Duration of infection 8 m-6 aa (2.5 aa) 

Liver histology CPH 4 cases 
CAH 6 cases 

ALT (IU/I) 57.9 (45-165) 
AST (IU/l) 89.1 (33-103) 

HBV-DNA score 1 3 cases 
2 5 cases 
3 1 case 
4 1 case 
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Fig. 1. Transaminase level and virological response to repeated IFN therapy 

Results 

Virological response (HBeAg and HBV -DNA) and transaminase level (ALT) 
during treatment and rest phases are shown in Fig. 1. 

Only one patient during the last cycle of treatment, showed a complete 
response (both virological and serological): serum HBV-DNA and HBeAg 
became negative and transaminases decreased to normal values. The other 
nine patients never showed any response to treatment, not even temporarily. 

Conclusion 

In the previous trial 26 children affected with chronic HBV hepatitis had 
been treated with human lymphoblastoid IFN; 14 (53.8%) had a complete 
response to therapy during treatment or the first year of follow up. 

Such results, similar to those of other European studies [1, 2, 5-7J are 
more satisfying than the results of the present trial, which are not encourag
ing. In fact we did not identify any advantage in a second administration of 
IFN compared with a single cycle of longer therapy. 

Patients' response to IFN therapy seems to occur independently of 
treatment schedule. 

In the present study we did not observe the immunomodulant activity 
which we expected. The multiple cycles of treatment did not stimulate the 
subjective immune response which one would expect to occur in the 
withdrawal phase by the enhancement of viral replication after a short course 
of antiviral treatment. 

We have not evaluated yet if a larger dose ofIFN (10 MU/m2) could be 
more useful (this study is in course). 

Characteristics of patients which allow prediction of the response to IFN 
therapy are still unknown. 
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Summary. A six-month analysis of a controlled trial on the treatment of 
chronic hepatitis B in children shows that prednisone priming followed by 
ex-interferon 2A was effective in 6 of 9 treated patients in reducing HBV 
replication and disease activity. 

* 
An effective treatment of HBV -induced chronic hepatitis in childhood is 
presently not available. Previous controlled studies, in children with chronic 
hepatitis B, using recombinant alfa-interferon (IFN) have shown a limited 
efficacy in inducing a stable remission of viral replication and of 
HBeAg/antiHBe seroconversion [1,2,3]. These data may be explained by the 
presence of an immunological tolerance to HBV in children who may exhibit 
a high degree of viral replication and low disease activity [4]. Recent studies 
demonstrated that the withdrawal from a short course of prednisone is often 
associated with an enhanced cellular immune response to HBV and could 
favor a high response rate to a subsequent IFN treatment [5]. 

Accordingly, we initiated a prospective controlled study to evaluate the 
effect of prednisone withdrawal followed by IFN in the treatment of chronic 
hepatitis B with active viral replication in young patients. Here we report the 
evaluation of a group of 18 children followed up for a period of 6 months. 

The patients (aged 6-15 years; M/F 14/4) were HBsAg, HBeAg, and HBV
DNA positive and have a history of at least 12 months of increased 
aminotransferase levels and active viral replication. A liver biopsy taken in 
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the preceding 3 months before admission to the study showed chronic active 
hepatitis in 5 cases and chronic persistent hepatitis in 13 cases. The patients 
were randomized in two groups of 9 patients each. The first (control group) 
was left untreated and the second (Pred-IFN group) received a course of one 
month of prednisone 0.6 mg/kg/day for 3 weeks and 0.3 mg/kg/day in the 4th 
week, followed by an interval of two weeks and then by treatment with IFN 
(Roferon-A, Roche) 3 MU/m2 three times weekly for 12 months. All patients 
were followed weekly in the first 2 months, and then monthly with clinical, 
biochemical and virological evaluation. Serum HBV markers were deter
mined by EIA tests (Abbott). Serum HBV-DNA was detected by a slot 
hybridization technique as previously described [6]. 

At the initiation of the study the control and Pred-IFN groups were 
comparable with respect to the age, mean serum levels of AST, AL T and 
HBV-DNA (Table 1). 

In the pred-IFN group 8 of the 9 patients showed a decrease of 
aminotransferase activities and an increase in serum HBV-DNA levels at the 
end of prednisone course (Table 2). After the initiation of IFN treatment five 
patients (n.1, 2, 3,4, 8) showed a peak of aminotransferase activity (4 to 20 
times upper normal levels) within 4-8 weeks and cleared the HBV-DNA 
shortly thereafter. In these patients enzyme activities returned to 1-2 times 
the normal limits by the 3rd month and then remained within this range. 
Four of these patients (nos. 1, 3, 4, 8) also cleared the HBeAg and became 
antiHBe positive between the 2nd and 6th month of treatment (Table 2). 
Patient no. 9 had no AL T elevation during treatment, but cleared the HBV
DNA, at the first month, and remained HBeAg positive. In another patient 
(no. 7) a decline of HBV-DNA and ALT levels has been observed. Two 
patients (nos. 5 & 6) seem to be non-responders after the 6 months period of 

Table 1. Characteristics of patients at admission 

Patients features 

Number of patients 
Male/female 
Median age (years) 

(range) 
Mean AST±s.d.a 

(range) 
Mean ALT±s.d.a 

(range) 
Mean HBV-DNAb 
(median value) 
CAH/CPH 

Control group 

9 
6/3 
12 
(6-14) 
59±22 
(32-99) 

106±52 
(44-205) 

45 
(35) 
2/7 

a Normal values up to 40 U/I 
b pg/ml 

Pred + IFN group 

9 
8/1 
12 
(6-15) 

54±28 
(36-107) 
94±62 
(37-245) 

50 
(40) 
3/6 
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Table 2. Serum HBV-DNA and ALT values in the group of treated patients 

Patients Months of treatment 

No. Prednisone IFN 

0 0 2 3 4 5 6 

1 HBV-DNAa 50 75 100 25 10 0 0 0 OC 
ALTb 245 59 131 1003 800 50 24 77 77 

2 HBV-DNA 25 100 75 25 0 0 0 0 0 
ALT 71 48 52 425 240 47 46 32 41 

3 HBV-DNA 25 50 75 0 OC 0 0 0 0 
ALT 87 32 113 689 38 26 28 26 24 

4 HBV-DNA 10 25 25 0 0 0 Oc 0 0 
ALT 111 41 115 258 149 112 88 72 45 

5 HBV-DNA 50 100 100 100 75 75 75 75 75 
ALT 62 30 29 56 38 46 39 48 53 

6 HBV-DNA 75 100 100 100 100 75 100 75 100 
ALT 57 37 48 44 43 102 66 69 62 

7 HBV-DNA 75 100 100 75 50 50 50 50 50 
ALT 245 56 122 431 271 171 161 127 119 

8 HBV-DNA 10 25 25 0 0 oc 0 0 0 
ALT 37 26 52 161 122 149 152 130 69 

9 HBV-DNA 25 25 0 0 0 0 0 0 0 
ALT 77 44 26 33 32 33 41 53 43 

a pg/ml; b normal value < 40 U II; C seroconversion HBeAg/antiHBe 

treatment as they showed no significant changes of either ALT or HBV
DNA serum levels. 

In the control group none of the 9 patients showed significant changes of 
serum HBV-DNA, HBeAgjantiHBe or of aminotransferase levels through
out the six months of observation. 

The treatment with prednisone and interferon has been so far well 
tolerated except for a flu-like syndrome which occurred at the beginning of 
IFN treatment. 

In conclusion, our preliminary data seem to indicate that a combination 
of a short course of prednisone followed by a long course of interferon may 
be an effective and safe regimen in the treatment of chronic hepatitis B in 
children. 
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Summary. In this preliminary study, children with chronic HBV hepatitis, as 
was also previously shown for adults, respond to interferon therapy in an 
HLA class I antigen dependent manner. If this can be confirmed on a large 
scale, HLA typing may serve as a useful indication of interferon-therapy 
responders. 

Introduction 

The evolution of hepatitis B virus (HBV) infection is determined by host 
immune responses that are responsible for hepatocellular injury and viral 
clearance. As immune responses are regulated by Major Histocompatibility 
Complex (MHC) genes, many studies have been carried out in recent years to 
evaluate HLA influence on the course of HBV infection. In chronic HBV 
positive patients (persistent antigenemia and chronic hepatitis), a significant 
increase in the frequency of the HLA-B35 allele has been already observed 
[2J and more recently a significant increase in HLA-DR3, together with a 
decrease in DQwl, have been reported [1, 3]. 

In the present study we investigated the presence of possible correlations 
between frequency of HLA Class I alleles and response to a-interferon (a
IFN) therapy in children affected by HBV chronic hepatitis. 

Materials and methods 

Patients 

Twenty-five patients with high levels of transaminases, serum positivity for HBeAg and 
HBV -DN A and hepatic histological findings of chronic hepatitis were randomized to receive 
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steroid or placebo pretreatment for a month. After 2 weeks without treatment, all patients 
then received human lymphoblastoid C(-IFN at the dose of 5 MU/m 2 for 12 weeks. Thirteen 
patients rcsponded to this therapy: serum HBV -DNA and HBeAg became negative and 
serum transaminase levels normalized, whereas twelve patients did not respond to this 
treatment, with persistence of serum HBV-DNA and HBeAg. 

HLA Typing 

The peripheral blood lymphocytes from all children were isolated from heparinized venous 
blood by Ficoll-Hypaque density gradient centrifugation. HLA Class I (A,B) alleles were 
determined using the standard microlymphocytotoxicity assay. The control group was 
based on a local reference population of 124 healthy subjects. Twelve specificities were tested 
for the HLA-A locus and twenty for the HLA-B locus. 

Statistical analysis 

HLA-A,B allele frequencies were evaluated in the following groups: 

a) whole population of HBV chronic hepatitis pediatric patients (CHPP); 
b) HBV-CHPP responding to C(-IFN 
c) HBV-CHPP not responding to C(-IFN 
d) healthy controls 

The frequencies within the different groups were compared using the chi-square (X2) test 
with Yate's correction. P values were corrected for the number of alleles tested. 

Results and discussion 

The results are shown in Table 1. As previously demonstrated in adult 
patients [lJ HLA-A,B typing showed a significant increase in HLA-B35 also 
in pediatric patients with HBV positive chronic hepatitis. Interestingly, after 
dividing the whole patient population into responders and non-responders 
to a-IFN therapy, the increase in HLA-B35 was found to be significant only 
in the responder group. The above observations, if confirmed on a larger 
scale, might offer a useful tool for the identification, within a patient 
population affected by HBV positive chronic hepatitis, of those subjects 
capable of responding to a-IFN treatment. 

Table 1. Antigen differences between different HBV chronic hepatitis 
pediatric patient groups and healthy controls 

Group Cases HLA-B35 Corrected P values 
frequency (%) versus group D 

A. HBV-CHPP 25 58.6 Pc<O.OI 
B. Responders 13 71.4 Pc<O.OI 
C. Non-Responders 12 36.3 N.S. 
D. Healthy Controls 124 17.5 

N.S. Not significant 
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Treatment of chronic viral hepatitis anno 1990 
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Summary. The therapeutic efficacy of e>:-interferon therapy in chronic 
hepatitis is discussed in light of various international studies. Although bene
ficial to some extent, treatment is of limited value and is accompanied by 
more-or-less serious side effects. Development of complementary drugs and 
new therapeutic methods must therefore be continued. 

Chronic hepatitis B 

Pooled data from the initial studies of interferon therapy with various 
dosages and durations of treatment suggested a small beneficial effect of 
interferon therapy with about 25% responses (HBe seroconversion) in 
treated patients versus about 10% in controls; the percentages ofresponders 
among treated patients and controls was highly variable due to variation in 
selection of patients and the small numbers of patients in each study. 

In the recently completed USA multicenter trial the number of patients in' 
each treatment arm exceeded 40; the results are among the most reliable to 
assess the efficacy of alpha-interferon therapy, given for 16 weeks in a dose of 
5 megaU per day (Table 1). HBe seroconversion was observed in 37% of 
treated patients versus 7% in controls; patients receiving 1 megaU of 
interferon per day exhibited 17% HBe seroconversion. The study also 
confirmed earlier observations that, in addition to HBe-seroconversion, loss 
ofHBsAg occurs more frequently (12%) in the 5 megaU interferon treatment 
group than spontaneously (2%). 

Combination of interferon with nucleoside analogues such as acyclovir 
or adenine arabinoside appears logical in an attempt to enhance the HBe 
seroconversion rate; pretreatment for 4 weeks with prednisone has also been 
suggested to improve results of interferon therapy. The outcome of recently 
completed randomized controlled studies with about 40 patients in each 
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Table 1. USA multicentre interferon therapy trial for chronic 
hepatitis Ba 

Percentage with IFN 
5 MUld 

n=39 

Loss of HBVDNA/HBeAg 37 
Loss of HBsAg 12 
Reactivation of HBV 0 

a Data on file at Schering-Plough 

IFN Untreated 
1 MUld controls 

n=41 

17 
2 
o 

n=41 

7 
o 
o 

treatment group, however, showed no benefit from either pretreatment with 
prednisone or from combination with acyclovir (data on file at Schering
Plough and Wellcome, respectively). 

Re-analysis of the Rotterdam phase-II study on combination therapy of 
interferon with acyclovir led to the hypothesis that the impressive results 
observed were related to repeated courses of antiviral therapy rather than to 
the combination of interferon and acyclovir. Two independent pilot studies 
in London (G. J. M. Alexander) and Rotterdam tested a treatment schedule 
of 4 weeks of interferon pretreatment followed, after 4 weeks of no therapy, 
by the standard course of 12-16 weeks of interferon therapy. Patients with a 
partial response (more than 50% decrease in HBeAg titer and HBV -DNA) at 
week 24 continued interferon therapy for another 4-8 weeks. Results in both 
studies comprising 10 and 20 patients, respectively showed HBe seroconver
sion in more than 50% of patients. It appears worthwhile to carry out 
a randomized trial comparing standard interferon therapy and prolonged 
interferon therapy with or without interferon pretreatment. 

Chronic hepatitis C 

A USA multicenter trial including 166 patients confirmed the therapeutic 
effect of alpha-interferon observed in initial pilot studies and small controlled 
trials. Normalization of serum AL T was observed in 46% of patients treated 
with 3 megaU three times a week versus 8% in controls; patients receiving 
1 megaU of interferon three times a week showed ALT normalization in 
28 %. Relapse of active hepatitis (AL T elevation) occurred frequently (> 50%) 
in both interferon groups after therapy. Serum ALT remained persistently 
normal in about 25% of patients receiving 9 megaU interferon a week for 24 
weeks. Enhanced response rates can be expected when interferon therapy is 
started with higher doses of interferon, such as 5-10 megaU three times per 
week. 

Initially, serum aminotransferases should be monitored every 2 weeks. If 
there is no improvement in serum AL T levels within 2 months, therapy 
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should be stopped. If serum AL T falls into the normal range, the dose of 
interferon can be decreased, and therapy should be continued for 6-12 
months. An increase in the dose of alpha-interferon may be appropriate in 
patients who show a partial response only or who have a breakthrough in 
serum AL T during therapy. 

Chronic hepatitis D 

An Italian multicenter trial including 48 patients has recently been com
pleted. Homosexual men and persons with HIV antibodies or a history of 
drug abuse were excluded. During the first 4 months the dose of interferon 
was 5 megaUjm 2 three times a week, followed by 3 megaUjm2 a week during 
the next 8 months. 

Initiation of therapy was followed within a few weeks by a decline in 
serum ALT in 58% of treated patients; the serum ALT, however, increased to 
pretreatment levels in most patients during therapy with the lower mainten
ance dose. In only one patient was AL T normalization observed after 
therapy. 

Enhanced response rates have been reported from another Italian 
controlled trial in which 10 megaU of interferon was given three times a week 
for 12 months; after therapy a normal serum ALT persisted in about 33% of 
patients. These and other uncontrolled data suggest that high doses of 
interferon for prolonged periods may suppress hepatitis D viral replication 
and the activity of the liver disease, but confirmation of these data is required. 

Side-effects of interferon therapy 

The side-effects of alpha-interferon may interfere with its therapeutic efficacy. 
Early side-effects commonly occur during the first few days of treatment, but 
do not usually present a clinical problem. Late side-effects appear after 
2 weeks of treatment and are less common. The medical or psychiatric 
complications, however, can be of major clinical significance and often 
require adjustment of the interferon dosage or other medical interventions. 

Early side-effects of interferon include fever, chills, fatigue, myalgia, sleep 
disturbance, loss of concentration and anorexia. These complications can be 
partly prevented by administration of 500 mg paracetamol every 6 hours for 
the initial 3 days or by 75 mg indomethacin slow-release tablets twice daily. 

Late side-effects can be classified into systemic, hematologic, psychiatric, 
infectious and autoimmune. Systemic side-effects include weight loss, hair 
loss and decreased libido in addition to those mentioned above. Hematologic 
side-effects are neutropenia, thrombocytopenia and anemia. The spectrum of 
psychiatric side-effects is wide and includes irritability, anxiety, depression 
and psychosis. Return to drug addiction or alcohol abuse may occur. These 
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side-effects usually have an insidious onset in the second or third month of 
treatment and occur in 1O~20% of patients. 

Perhaps secondary to the decrease in neutrophils, patients receiving 
alpha-interferon are more susceptible to bacterial infections, particularly in 
the case of pre-existing cirrhosis. Development of auto-antibodies during 
interferon therapy is common, but overt autoimmune disease is rare. 
Autoimmune thyroiditis has been reported, as has exacerbation of auto
immune chronic active hepatitis in case of interferon therapy for incorrectly 
diagnosed chronic hepatitis C. 

Management of late side-effects requires extra patient-physician inter
action. The goal of management is to keep the patient on interferon until the 
maximum benefit has been derived. Often reassurance and encouragement 
will suffice; occasionally hospital admission for several days may help to 
regain tolerance. In case of neutropenia (less than 500/mm3 ) or severe 
psychiatric effects, the dose of interferon should be reduced. Side-effects are 
rarely so intolerable or medically so severe that interferon will have to be 
withdrawn completely. 

Conclusions 

Current results with alpha-interferon indicate a new area in the therapeutic 
approach to patients with chronic viral hepatitis, but also underline the 
limited effectiveness of therapy with alpha-interferon alone. Since dosage and 
duration of interferon therapy are limited by side-effects, a further search for 
complementary drugs appears essential. 

Author's address: Dr. S. W. Schalm, Department of Internal Medicine & Hepato
gastroenterology, University Hospital Dijkzigt, NL-301S GO Rotterdam, The Netherlands. 
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Summary. Thirty-two patients with chronic hepatitis B treated with alpha 
interferon were tested for 12 different antibodies. Only a minority (18%) of 
cases developed antinuclear antibodies and none developed clinical signs of 
autoimmune disease. These data suggest that, at the dose regimen used, 
interferon therapy of chronic hepatitis B is not associated with triggering of 
autoimmunity. 

* 
The availability and large scale production of recombinant and lymphoblas
toid interferon (IFN) has resulted in numerous, exploratory clinical trials in 
chronic HBV infection [3]. The development of autoantibodies and auto
immune disease have been reported to occur in interferon treated patients 
[1,2]. On the basis of these observations we have tested for the presence of 12 
different antibodies, the sera of 32 patients (23 men, 9 women, mean age 31 
years) with biopsy proven hepatitis B surface antigen (HBsAg) positive 
chronic hepatitis treated with alpha IFN. All patients were hepatitis delta 
virus (HDV) negative. Seventeen HBeAg and HBV-DNA positive cases 
received 4.5 MU of recombinant IFN thrice weekly for 4 months and 15 anti
HBe and HBV-DNA positive cases were treated with 5 MU/m2 of lympho
blastoid IFN thrice weekly for 6 months. Patients were followed at regular 
intervals during treatment and for 12 months after therapy withdrawal, being 
investigated for routine serum biochemical tests, for HBV markers, and sera 
were stored at - 20°C for autoantibody testing. A response to IFN therapy 
was defined as sustained termination of HBV replication with AL T normal
ization. 

HBsAg, HBeAg, anti-HBe and anti-HD were detected by commercially 
available radioimmunoassay or enzyme-linked immunosorbent assays. 
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Serum HBV-DNA was measured by a dot-blot hybridization technique. 
Antinuclear (ANA), antimitochondrial (AMA), smooth muscle (SMA), liver
kidney microsomal (LKM) antibodies were detected by indirect immuno
fluorescence technique (1FT) using rat liver and kidney tissue. Antibodies to 
double-stranded DNA (dsDNA) were measured by 1FT on Crithidia luciliae. 
Antibodies to extractable nuclear antigens (ENA) (anti-Sm, anti-RNP) and 
antibodies to thyroid microsomal antigen (TMA) and to thyroglobulin 
(TGA) were detected using different commercially available hemag
glutination test reagents. Antibodies to pancreatic islet cells (ICA), to 
parietal cells (PCA) and to adrenal cortex (AA) were measured by 1FT using 
normal human tissue as antigen source. 

Five (15%) patients, all women and HBeAg positive, had ANA and one 
(3%) anti-HBe and HBV-DNA positive male patient had SMA before 
treatment. Two of the 5 patients showed an increase in ANA titer during IFN 
therapy, without clinical manifestations of autoimmune disorders. There was 
no correlation between ANA positivity before treatment and response to 
IFN therapy. 

ANA appeared during IFN treatment in 5 (18%) of 28 previously 
negative patients (Table 1). All 5 cases were male. With discontinuation of 
treatment, titers of ANA fell to undetectable levels in all patients. None of the 
patients developed clinical signs of autoimmune disease. No patient 
developed antibodies to endocrine organs or autoantibodies specifically 
associated with autoimmune liver disease such as LKM and AMA. In 
conclusion these results, obtained from 32 patients with chronic hepatitis B 
treated with alpha interferon, indicate that at the dose regimen used only a 
minority of patients developed autoantibodies and the risk for autoimmunity 
is very low. However, other therapeutic regimens may behave differently and 
monitoring for autoantibody occurrence and for signs of autoimmunity 

Table 1. Development of antinuclear antibody (ANA) during 
alpha interferon (IFN) therapy 

Onset 
after IFN 

Patient therapy Response to 
no. HBeAg anti-HBe (months) IFNa 

+ 4 
2 + 4 
3 + 5 + 
4 + 3 + 
5 + 2 

a Loss of both HBeAg and HBV-DNA in HBeAg positive 
cases or of HBV -DNA in anti-HBe positive patients with 
alanine aminotransferase normalization 
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should be planned in ongoing clinical trials of IFN therapy III chronic 
hepatitis. 
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Summary. Fifty-five patients with antibodies to HCV and chronic liver 
disease have been enrolled in the study. Thirty-four patients were treated 
with recombinant alpha interferon (IFN, 3 MU daily for 10 days followed 
by 3 MU twice/week for 3 months), and were compared to 21 untreated 
controls. 

Alanine aminotransferase (AL T) normalization was observed in a signi
ficant proportion of treated patients (52.9%), but 66.6% of them experienced 
a relapse after discontinuation of the therapy. The evaluation of the early 
AL T behavior after the 10 days priming with daily IFN administration was 
useful in predicting the response. 

The administration of a second IFN course with the same schedule and 
duration as the first course did not increase the efficacy of the treatment. 
Increased dosage and/or prolonged administration are probably required. 

Introduction 

Treatment of chronic hepatitis C with recombinant interferon alfa (alpha
IFN) is generally well tolerated and gives promising results, as it can reduce 
hepatocellular inflammation and induce normalization of aminotransferases 
in 30-60% of treated patients [1-5]. 

Unfortunately, treatment failure and relapse after the end of the therapy 
are not uncommon [1-5]. We therefore wanted to determine whether 
administration of a second interferon course after a short withdrawal could 
increase the percentage of responsiveness and result in a more prolonged 
remission of the disease. 
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Materials and methods 

Fifty-five patients with antibodies to hepatitis C virus (HCV) and histologically proven 
chronic liver disease have been assigned to receive 3 million units ofrecombinant interferon 
alfa-2b (Intron A, Schering Plough Corporation) daily for 10 days followed by 3 million 
units twice weekly for 3 months, or no treatment. Thirty-four patients have been treated (19 
males, mean age 48.8 yrs) compared to 21 untreated controls (13 males, mean age 37.2 yrs). 
Among the treated patients, 29 had chronic active hepatitis CAH) and 5 patients had active 
cirrhosis (AC), while 19 out of 21 untreated controls had CAH and 2 had AC. Anti-HCV 
positivity was confirmed in all subjects by the first generation recombinant immunoblot 
assay (RIBA, Chiron Corporation). After the therapy was stopped, all subjects were followed 
up for four months. The response to IFN was considered complete when alanine 
aminotransferase (AL T) normalization occurred by the end of treatment, and partial when 
an AL T reduction of 50% or more from the baseline value without normalization occurred. 
Relapse was defined as the increase of AL T levels above the normal limit after a complete 
response. 

Twenty treated patients (10 responders who afterwards relapsed and 10 non-responders) 
underwent a second interferon (IFN) course with the same dose and regimen of the first 
course, at the end of which an additional 4-month follow-up was completed. 

Fisher's exact test and paired or unpaired Student's t-test were employed when 
appropriate for statistical analysis. 

Results 

All patients completed the study. At the beginning of the therapy, the median 
ALT levels + SD of treated patients and controls were 179 + 78 and 168 + 69 
respectively (p = ns; Fig. 1). 

During the administration of IFN, the ALT serum levels decreased in 29 
treated patients, no changes were observed in 3 patients, while, in the 

ALT(U/ L) 
200 .r-------------------------------------------~ 

TREATMENT t FOLLOW UP 

50 

O ~------~-------L------~ ________ L_ ______ ~ 

o 50 100 150 200 250 
days 

~ controls (21) ---+- resp.(18) ---+- non resp.(16) 

34 treated patients and 21 controls 

Fig. 1. Mean serum AL T levels during IFN treatment and follow up 
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remaining 2 patients, a twofold increase of ALT levels occurred during 
the second month of therapy after a partial early response. At the end of the 
treatment, 18 treated patients (52.9%; 1 with AC and 17 with CAH) exhibited 
AL T normalization, and 6 patients exhibited a > 50% AL T reduction 
compared to 1 and 2 untreated controls, respectively. Thus, a complete 
or partial response to IFN was observed in 24 out of 34 treated patients 
(70.5%), while the same ALT pattern was observed in 3 out of 21 untreated 
controls (14.3%; p=4.8 x 10- 5 ). 

After the 10 days of IFN priming 12 out of the 18 responders exhibited 
either normalization or > 50% reduction of AL T levels, and the median AL T 
value of the patients who responded afterwards to the therapy was, already 
at that time, significantly lower compared to that of the non-responders 
(respectively 65 U /L and 108 U /L; p = 0.02). 

After discontinuation of therapy, the median AL T level of treated 
subjects increased, although at the end of the follow up it was lower than the 
base line value (118 U/L versus 179 U/L, p=O.Ol1, Fig. 1). However, 
12/18 responders (66.6%) experienced a relapse during the follow up 
(4 subjects at month 1,4 at month 2, 2 at month 3 and 2 at month 4) and at 
the end of the follow up, only one third of them (6/18,33.3%) still had normal 
ALT values. 

Among the 20 patients who underwent a second IFN course (10 
responders and 10 non responders to the first IFN course), 7 patients 
responded while 10 patients did not respond to both IFN administrations 
and 3 patients responded to the first but not to the second IFN course. Out of 
the 7 responders, 5 relapsed during the follow up (2 pts relapsed at month 2, 
1 pt at month 3 and 2 pts at month 4). The pattern of AL T level decrease 
during the second course and increase during the second follow up closely 
resembled that observed during and after the first IFN administration 
(Fig. 2). However, AL T normalization was prompter during the first IFN 
course, since it occurred at the end of the first month of therapy in 70% of 
responders (7/10), compared to 42.8% (3/7) during the second course. 

On the whole, sex, age, histological features and median baseline ALT 
levels did not affect the response to IFN, while the negativity of antibodies to 
the 5-1-1 antigen, as demonstrated by the HCV-RIBA confirmatory test, was 
significantly associated with a better response. In fact, among the treated 
patients, 5 out of 18 responders were anti-5-1-1 negative compared to none 
out of 16 non responders (p = 0.03). 

Discussion 

Our results showed that the administration of alpha-interferon therapy was 
capable of interrupting liver cytonecrosis in 52.9% of treated patients, while 
in 87% of untreated controls no significant changes were observed (p = 
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5.6 X 10 - 6). However, in the majority of the responders (66.6 %) the normal
ization of AL T levels was followed by a relapse within 4 months after IFN 
was discontinued. 

Interestingly, the early AL T response after the 10 days of IFN priming 
appeared to be useful in predicting the response to the treatment. In fact, 
12/18 responders (66.6%) already had normal ALT levels after the IFN 
pnmmg. 

It has been shown that a good rate of ALT normalization can be obtained 
also with an IFN dosage as low as 1 million units thrice weekly for 6 months 
[2, 3J, but it is possible that in order to obtain a more sustained biochemical 
remission, a higher dosage and/or a longer duration of treatment are 
req uired [6, 7J. 

The fact that the presence of cirrhosis did not affect the response to the 
therapy is probably due to the small number of patients with cirrhosis 
enrolled in this as in another trial [7J, while it is noteworthy that those 
patients without detectable antibodies to the 5-1-1 antigen by RIBA turned 
out to be better responders than those with such antibodies [8]. Although 
this finding is difficult to explain, it could be useful in predicting the response 
to IFN in a subgroup of anti-Hey positive patients. 

Among the 20 patients who underwent a second IFN course, 3 out of 10 
subjects who showed AL T normalization during the first treatment did not 
respond to the second, and the 7 patients who responded to both courses 
showed a slower AL T normalization during the second IFN administration. 
In conclusion, our study shows that the administration of a second IFN 
course with the same schedule as the first course does not improve the 
response to the treatment. It is conceivable that when a relapse occurs after 
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the IFN withdrawal, a therapy of longer duration and/or with higher IFN 
dosage would be of greater benefit in sustaining biochemical remission. 
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Summary. In a randomized controlled trial of Interferon (IFN) in 60 patients 
(30 treated and 30 controls) with cryptogenic chronic active liver disease, 
70% of treated patients showed complete response, but a high rate of 
biochemical relapse (62%) was noted. In these cases, a second response to 
higher doses of IFN has been more difficult and less frequent. A response to 
IFN was found in 88.5% of anti-Hey positive treated patients and only in 
25% of anti-Hey negative. We suggest that serum anti-Hey is a suitable 
test to predict the response to IFN. 

Introduction 

On the basis of epidemiological studies, for many years it has been suggested 
that chronic infection by nonA, nonB viruses may represent a frequent cause 
of chronic liver disease not only in patients with well documented exposure 
to parenterally transmitted hepatitis viruses but also in patients with 
community-acquired (cryptogenic) chronic liver disease, that have no recog
nizable source of transmission [1]. 

Furthermore, the positive results obtained from two (one pilot and one 
controlled) studies [2, 3J with interferon (lFN) in patients with chronic nonA, 
nonB posttransfusion hepatitis, prompted us to start a randomized con
trolled clinical trial of recombinant human alpha-2a IFN in a group of 
patients with cryptogenic chronic active liver disease. 

Patients and methods 

We enrolled sixty patients (33 males and 27 females), 18-70 years of age, with a 
morphological diagnosis of chronic active hepatitis (CAH), with or without superimposed 
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cirrhosis. All had abnormal liver function tests (aminotransferases persistently increased at 
least twice the upper limit, throughout the last year). None had a positive history or clinical 
or histological evidence of any other known cause of chronic liver disease (including 
metabolic, genetic, alcoholic, autoimmune and by hepatotropic viruses other than HCV). 
We excluded patients with advanced or decompensated liver cirrhosis (Child B or C 
according to Child-Pugh score), pregnant women, patients with positivity for anti-HIV or 
present drug abuse and severe systemic diseases. 

We randomized the patients in a treatment group and in a control group, and the 
baseline features of all the patients matched perfectly between the two group (Table 1). 

In treated patients we administered IFN parenterally thrice weekly for 12 months at 
tapering doses (6 megaunits (MU) for the first month, 3 MU for three months and 1 MU for 
further eight months). In case of confirmed and stable biochemical reactivation, IFN was 
assessed to the previous effective dose. The control group received no treatment and was 
followed up to a year. All 60 patients underwent clinical and biochemical evaluations every 
month and at the end of therapy or observation period from all of them a second biopsy was 
obtained. We used the Fisher Exact Test to evaluate the difference of response to IFN in 
relation to anti-HCV. 

Results 

In 21 (70%) of the 30 treated patients, a complete response to therapy was 
obtained, with a normalization of aminotransferases levels. Three (10%) of 
these responders showed a partial response to IFN (a significant decrease of 
ALT to less than 50% of the baseline value). None of the controls showed 
any significant change in aminotransferase levels, with a statistically signific
ant difference (p < 0.01) between treated and control group. 

We observed a relevant rate of biochemical reactivation during treatment 
cycle; 5 (24%) of the 21 complete responders relapsed between the second 
and the fourth month and a further 8 patients (38%) during the phase at low 

Table 1. Baseline features of all enrolled patients 

Treated Controls 
(30 patients) (30 patients) 

Male/female 23/7 13/17 
Age (years) 50± 12 55 ± 11 
Previous AH 20 20 
AST 124±69 125 ± 143 
ALT 253±135 202± 166 
S-IgG (g/dL) 1.9 ±0.5 1.8 ±0.5 
Anti-HBc (> 1: 100) 23 10 
Histology 

CAH 15 (50%) 18 (60%) 
Cirrhosis 15 (50%) 12 (40%) 

Age, AST, ALT and S-IgG were expressed by means ± 
SD; AH acute hepatitis; CAH chronic active hepatitis 
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dose (1 MU) with an overall relapse rate of 62% (13/21). According to the 
protocol, we increased the dose of IFN in the reactivating cases and we 
obtained a complete renormalization of aminotransferases only in 3 (23 %) of 
the 13 cases, while in other 7 (54%), we induced only a significant decrease 
(more than half of previous values) of aminotransferases, but not a complete 
normalization (Table 2). No significant change of serum aminotransferases 
was noted among control patients. 

Our study also included evaluation of the histological changes eventually 
induced by IFN therapy on liver tissue. By now, 28 treated patients and 20 
controls underwent a second biopsy. It is important to note that no treated 
patients have shown any worsening of the histopathological pattern (13 
improved, 14 remained unchanged and 1 showed a complete remission); in 
contrast, we did not see any significant improvement of liver histology 
among controls (17 were unchanged and 3 worsened). 

Recently, a portion of the genome of a nonA, nonB virus (designated as 
hepatitis C virus) has been cloned [4J and a specific immunoassay for the 

Table 2. Primary response, reactivation and sec
ondary response after increasing of IFN therapy 

Complete response 
(normalization of AL T) 

1 °_20 month 
6°_7° month 

Total 

Partial response 
(> 50% of baseline AL T 

1° month 
3° month 

12° month 

Total 

Reactivation 

1°_4° month 
5° _12° month 

Total 

Reinduction after reactivation 

Complete response 
Partial response 
No response 

N° patients 

20 
1 

21/30 (70%) 

n° patients 

1 
1 

3/30 (10%) 

n° patients 

5/21 (24%) 
8/21 (38%) 

13/21 (62%) 

n° patients 

3/13 (23%) 
7/13 (54%) 
3/13 (23%) 
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antibody to hepatitis C virus (anti-HCV) has been developed [5]. We 
therefore tested retrospectively the prevalence of anti-HCV in our group of 
patients, and we tried to study its relationship to the response to IFN 
therapy. Among treated patients 23/26 (88.5%) anti-HCV positive cases were 
complete responders to IFN therapy, in comparison with only 1/4 (25%) 
anti-HCV negative cases (Table 3), with a statistically significant difference 
between the two groups (p = 0.018). 

Discussion 

On the basis of epidemiological evidence, we may suggest that most of 
community-acquired chronic active hepatitis are due to a viral infection of 
the liver, most likely of the non-A, non-B type. 

The recent availability of a simple test to detect anti-HCV may be useful 
to support this hypothesis. In fact, our preliminary results confirm the high 
prevalence of anti-HCV in this group of patients and the role of HCV 
infection in causing chronic active liver disease of unknown etiology. 

The effectiveness of interferon therapy in chronic active hepatitis type B 
and non-A, non-B is well documented by pilot and controlled studies 
[1, 2, 6]. We have demonstrated the efficacy of IFN treatment in patients 
with community-acquired chronic active non-A, non-B hepatitis, but we 
need further investigations to identify the correct schedule (dose and length) 
of treatment to avoid relapses (during and after treatment) and to obtain 
stable biochemical and histological remissions. 

We also suggest the need for further tests to provide an etiological 
diagnosis of the disease through detection of viral antigens in serum and in 
the liver; this will be important to screen patients who may undergo 
interferon treatment. In our groups of patients, anti-HCV positivity has been 
predictive for response to therapy and we suggest that in the future, 
identification of possible prognostic features will become mandatory for the 
eligibility of the patient to IFN treatment and to obtain the best results. 

Table 3. Relationship between serum anti-HeV and response 
to Interferon therapy 

Anti-HeV pos 
(26 pts.) 

Responders 23 

Non-responders 3 
p=0.0183 

3 Fisher Exact Test (two sided) 

Anti-HeV neg. 
(4 pts.) 

3 
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Summary. Twenty-four patients with HCV and NonBNonC chronic hepati
tis-4 with HIV coinfection-were treated with r-IFN alpha for at least six 
months. In this period 62.5% of patients show a normalization of ALT but 
not a sustained remission. Non-responders have histologically more severe 
and long-lasting chronic hepatitis. 

Introduction 

Davis [1] and Di Bisceglie [2] have recently established in a multicentric, 
randomized, controlled trial the efficacy of the treatment of chronic HCV 
hepatitis with recombinant interferon alpha. The aim of the present study 
was to determine the efficacy of at least 6 months of alpha r 2-b IFN 
treatment of our 23 patients with HCV and 4 patients with NBNC chronic 
hepatitis. 

Materials and methods 

Twenty-seven patients with chronic hepatitis (21 males, 6 females, age-range 20-77) were 
enrolled, 18 had biopsy-proven chronic hepatitis (CPH in 9, CAH in 7, CAH/C in 2); 16 
patients had a history of i.v. drug addiction, 4 had a post-transfusion hepatitis, 1 was 
homosexual, 1 had a sibling with HCV positive CAH, in 5 patients risk factors were not 
determined. None had HBV infection, 7 had HIV co-infection (II-III CDC, 6 in ZDV 
treatment). Levels of AL T were \.5-8 x normal value. None had underlying autoimmune 
conditions. All patients were clinically compensated. Antibody to HCV was detected by 
Ortho anti-HCV ELISA test and Ortho RIBA confirmatory test. All patients were treated 
with r-IFN alpha 2-b (Intron A, Schering-Plough) 3 times weekly s.c. for at least 24 weeks, 
starting with doses of 6 M. U. or 3 M. U. given for 8 weeks; good responders also had 1 M. U. 
for 8 weeks. We defined a near-complete response ALT abnormal but < 1.5 normal values. 
Follow-up is in progress. 
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Results 

Antibody to HCV was detected in 23 (85%) of the tested sera. After 6 months 
24 patients completed the treatment, 5 stopped it and for 19 therapy is in 
progress. Twenty one had HCV chronic hepatitis, 3 NBNC chronic hepatitis. 
Out of 3 dropouts 2 were HCV positive, 1 had NBNC chronic hepatitis. 
Levels of AL T were normalized in 15, reduced in 4 (2 HIV + ), unmodified in 
5 (2 HIV +). One patient lost anti-HCV after 8 months treatment. Out of 5 
patients who stopped the treatment, two were non-responders and 3 relapsed 
after 1 month of discontinuing the therapy. No worsening of the disease was 
observed during the therapy. Mild side effects (fever, myalgias) were usually 
recorded at the beginning of IFN administration. 

Discussion 

Six months of r-IFN therapy induced normalization of AL Tin 62.5 % of our 
patients. Five non-responders have histologically more severe hepatitis 
(2 CAH, 2 CAH/C) and a long-lasting disease (> 5 yrs. in 4) and 2 had HIV 
coinfection. Further studies are needed to establish the optimal dose and the 
duration of treatment in low-responders and to determine if HIV positive 
status can influence the outcome of the therapy. 
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Summary. A pilot study is described, in which 25 chronic CDH patients were 
treated with 3 MU recombinant (X-interferon per week for 4 months. 
Improvement was transient and no long-term effects were noted. Side effects 
were well tolerated and reversible so that longer treatment and higher 
dosages should be possible. 

* 

Interferon is the most promising therapy for chronic delta hepatitis (CDH) 
since it seems to inhibit hepatitis delta virus (HDV) replication [1]. In order 
to assess the long-term efficacy and safety of interferon in the treatment 
of CDH we performed this pilot study. Twenty-five patients with CDH, 23 
male and 2 female, mean age 31 years (range 18-63), were treated with 
recombinant leukocyte alpha interferon at 3 MU three times a week for 
4 months intramuscularly. 

All patients underwent liver biopsy: 15 had chronic active hepatitis, 4 
active cirrhosis, 5 chronic active hepatitis with lobular necrosis and 1 chronic 
persistent hepatitis. 

A second liver biopsy was performed in 15 patients 6 months after 
treatment. 

AL T serum levels decreased in 20 out of 25 patients (80%), the mean 
values decreased by 285 mU/ml to 110 mU/ml during treatment, but 6 
months after treatment ALT serum levels increased to initial values. 

Among the 15 patients who underwent a second liver biopsy, the 
histological features improved in 2 (13%), worsened in 6 (40%) and remained 
unchanged in 7 (47 %). 
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Two out of 5 HBeAg positive patients seroconverted to antiHBe and 
remained unchanged for at least 6 months after treatment, one became 
transitorely HBeAg negative and 2 patients, who were also anti-HIV 
positive, remained unchanged. 

No histological improvement was observed in the two HBeAg positive 
patients who seroconverted to antiHBe, according to the hypothesis that 
relates the histological activity to HDV replication. 

The lack of seroconversion of the HBe system in the 2 anti-HIV positive 
patients confirms previous observations and emphasizes the importance of 
the integrity of the immune system in interferon therapy [3]. 

Side effects were well tolerated and reversible. 
In this pilot study no long-term improvement was observed. In order to 

obtain long-term benefits, further studies with higher doses and/or more
prolonged courses are needed. 
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Summary. Considerations regarding liver transplantation in viral-hepatitis
related acute liver failure and end-stage chronic liver disease are discussed. 
Parameters of prognosis and indications for transplantation are presented. 
Differences according to the causative agent are noted, in particular regard
ing the danger of reinfection. The role of immunoprophylaxis is addressed as 
is the question of additional antiviral (interferon) treatment. 

Introduction 

Orthotopic liver transplantation is now widely used in the management of 
both acute liver failure and end-stage chronic liver disease consequent upon 
viral infections. The success rate is steadily improving, as evidenced by one
year survival rates of 73-83 % in recent years [1, 2]. The longer term outlook 
is also good as shown by the 5 year actuarial survival rate of 64% in the first 
1000 patients treated with cyclosporine in the Pittsburg programme [3]. The 
survival rates for acute liver failure tend not to be quite as high and most 
centres report one-year figures in the region of 55-70% [4-8]. 

Acute liver failure 

Viral hepatitis is the commonest cause of acute liver failure, although in the 
UK it accounts for less than half of the cases seen. The proportion of cases 
due to the main causative agents-hepatitis A virus (HA V), hepatitis B virus 
(HBV) ± delta virus (HDV) and presumed NANB hepatitis-varies geo
graphically. The selection of appropriate patients for transplantation at the 
earliest possible stage can be difficult, especially as survival rates of 67% and 
39% have been achieved in patients with grade III-IV encephalopathy as a 
consequence of HAV and HBV induced fulminant hepatic failure (FHF), 
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respectively, in this unit [9]. Dependence on encephalopathy as an indicator 
of prognosis often unnecessarily reduces the time available to find a suitable 
donor organ. We use five simple clinical and laboratory parameters to assess 
prognosis early in the course of the disease-aetiology, age, duration of 
jaundice before the onset of encephalopathy, prothrombin time and serum 
bilirubin [10]. The precise indications for transplantation are outlined in 
Table 1. In France there is a great reliance on factor V levels to select 
candidates for transplantation, with the cut-off point being taken at < 20% 
in a patient with progressive encephalopathy [5]. The reported mortality 
rate in these patients is 95%. A French study of 115 patients with fulminant 
HBV also found that HBsAg status and serum alpha-fetoprotein were 
independent predictors of survival [11]. The survival rate in 21 HBsAg 
seronegative patients was 47%, as compared to 17% in the 94 HBsAg 
seropositive patients (p = 0.006). 

Recurrence of viral infection is a potential risk after liver transplantation 
for each of the main causes of acute liver failure-A, Band NANB. HA V has 
been demonstrated in liver tissue as early as 7 days, and for up to 7 months 
after liver transplantation using both monoclonal antibody and in situ 
hybridisation techniques [12]. This was associated in one instance with a 
mild self-resolving hepatitis, during which time HA V was also detectable in 
faeces. 

The majority of patients with fulminant hepatitis B have ceased to have 
viral replication at the time of admission to hospital. HBeAg was detectable 
in serum in 12% and 37% respectively of patients in two published series, 
and in the latter HBV DNA was found in serum in only 9% of cases [13, 14]. 
These data would suggest that the risk of HBV recurrence after transplan
tation should be relatively low. However, the available data are limited, and 
it is interesting that some groups elect to utilise passive immunoprophylaxis 
in such patients to prevent reinfection. Vogel et al. reported a case of HBV
FHF who remained HBsAg seropositive for 4 months after transplantation 
before seroconverting to anti-HBs, even though there was no evidence of 
viral replication or graft dysfunction related to HBV infection [15]. 

Table 1. Indications for liver transplantation in patients with fulminant viral 
hepatitis at King's College hospital 

Absolute indication 
Prothrombin time> 100 sec 

Otherwise 
Any 3 of the following: 

Aetiology-NANB hepatitis, halothane hepatitis, idiosyncratic drug reaction, 
age- < 10 or > 40 years, 
duration of jaundice before the onset of encephalopathy > 7 days, 
prothrombin time > 50 sec, 
serum bilirubin > 300 /lmol/l 
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The situation is more difficult with respect to possible NANB recurrence 
because of the absence of a reliable diagnostic serological test. The develop
ment of the new antibody tests for hepatitis C virus (HCV) are unlikely to 
solve this problem as only 15% of patients in one study were positive in the 
acute phase of the hepatitis [96]. Furthermore, there is evidence that the 
positivity rate of the HCV antibody test is unusually low after transplan
tation [17, 18]. There is however circumstantial evidence that a NANB virus 
infection may recur after transplantation. The cloned genome of the HCV is 
similar to flaviviridae [19]. A toga-like virus has been isolated in liver tissue 
from patients with NANB-FHF [20,21]. In our experience, severe coagu
lative necrosis of the graft in the absence of features of primary graft non
function, major vascular problems or acute cellular rejection occurs with 
increased frequency in patients with NANB-FHF 5~ 10 days post-transplant, 
but the precise role of virus reinfection remains to be established. Later 
probable recurrence of NANB hepatitis has also been seen in the first two 
years after transplantation. 

End-stage chronic liver disease 

Recent Italian studies suggest that 68% of patients with cryptogenic cirrhosis 
have antibodies to HCV, as compared to 5~ 11 % in HBV infected patients 
and 1 % in the normal population [22,23]. Recurrence of a NANB viral 
infection after transplantation has been described in this context, in associ
ation with a mild hepatitis at 3~4 months and with typical histological 
features on liver biopsy [24]. Although the reported instances to date have 
been relatively mild, it is likely that in some cases the infection will persist and 
histological abnormalities progress even to cirrhosis. 

In contrast, HBV recurrence after transplantation is a significant prob
lem increasing morbidity, mortality and the need for retransplantation. In 
our experience, 82% of patients are chronic HBsAg carriers after liver 
transplantation [25]. The small number who cleared HBsAg from serum 
after transplantation had no evidence of active HBV replication (i.e. HBeAg 
and HBV DNA seronegative) at the time of surgery. The initiation of 
immunosuppression after transplantation resulted in a massive increase in 
HBV replication as measured by HBV DNA levels, including those who had 
no evidence of HBV replication at the time of transplantation. The impact of 
HBV reinfection was very variable; 45% of the patients were free of HBV 
related graft disease between 1. 7 ~ 15 years after transplantation, but 41 % had 
suffered loss of the primary graft as a result of HBV recurrence within 13 
months of the time of surgery. A number of these patients had a clinical and 
histological syndrome which has recently been described as cholestatic 
fibrosing hepatitis (CFH) [26]. The clinical features of CFH are progressive 
jaundice associated with a rapidly rising prothrombin time and loss of the 
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graft to death or retransplantation within 4-6 weeks of clinical presentation. 
In most cases the marked increase in serum transaminase levels seen in 
conventional hepatitic illnesses is not observed. The histological features are 
extensive serpiginous periportal fibrosis, canalicular and cellular cholestasis 
and prominent cytoplasmic HBsAg and HBeAg expression. The only 
effective treatment for this expression of HBV infection is retransplantation. 
Delta virus (HDV) infection may offer some medium-term protection from 
this complication [25]. 

Immunoprophylaxis with hepatitis B immunoglobulin (HBlg) has been 
used in an attempt to reduce the incidence and implications of HBV 
recurrence. Pichlmayr's group combined passive (500-128,000 units HBlg 
perioperatively and maintaining anti-HBs levels in serum> 100 lUlL) and 
active immunopropylaxis in 6 patients with active HBV replication at the 
time of transplantation [27]. One patient remained HBsAg seronegative for 
4.8 years but did not develop anti-HBs; the remaining 5 became HBsAg 
seropositive 6-18 weeks post-transplant. It may be significant that none of 
the long-term survivors in the German series developed serious graft 
dysfunction as a consequence of HBV recurrence. 

Better results with long-term immuno-prophylaxis were reported by 
Bismuth's group in a study of 16 patients with HDV infection and without 
evidence ofHBV replication at the time of transplantation [28J. The regimen 
used by them was 30,000 IU HBlg during the anhepatic phase and 3,000 IU 
HBlg monthly, combined with active immunisation. Three of the patients 
became HBsAg seropositive, but 10 of the remaining 13 had HBsAg in liver 
tissue despite being persistently seronegative. Only two patients, both 
HBsAg seropositive, demonstrated histological abnormalities on long-term 
follow-up (chronic active hepatitis at 6 and 18 months respectively). Six of 
nine HDV patients (66.7%) in an Italian study who were given much lower 
doses of HBlg (1600-2100 IU in the anhepatic phase), together with active 
immunization, remained HBsAg seronegative 6-32 months post-transplan
tation [29]. 

The role for other antiviral agents has not yet been defined post
transplantation. The theoretical risk that interferon might provoke graft 
rejection has not been substantiated. A case report from the Mayo Clinic 
described a patient with active HBV replication who was given 1.5 million 
units of recombinant interferon for 8 days prior to transplantation, and 
3 million units daily for 3 months post surgery, but continued to replicate 
[30]. A liver biopsy at 6 months showed mild lobular hepatitis and the serum 
transaminases were moderately elevated. 
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Prevalence of antibody to hepatitis C virus in acute non-A, non-B 
hepatitis in patients from different epidemiological categories 

M. Rodriguez, S. Riestra, F. San Roman, C. A. Navascues, A. Suarez, R. Perez, 
J. L. Lombraiia, and L. Rodrigo 

Hospital Covadonga and Transfusion's Communitary Center. Oviedo, Spain 

Summary. The prevalence of antibodies to hepatitis C virus (HCV) was 
determined in 65 patients with acute non-A, non-B hepatitis (NANBH). The 
results suggest that HCV is the most common causative agent in post
transfusion NANBH and in drug-related hepatitis. Detection of HCV 
antibodies does not appear to be a particularly useful diagnostic criterion 
due to the kinetics of the immune response in the course of the disease. 

* 
A specific enzyme immunoassay (EIA) for non-A, non-B hepatitis virus 
infection has been developed by recombinant DNA technology [2]. This test 
detects antibodies to a virus termed hepatitis C virus (HCV) [1]. 

To evaluate the prevalence of antibodies to hepatitis C virus (anti-HCV) 
in acute non-A, non-B hepatitis (NANBH), this marker was tested in 65 
patients with acute NANBH: 17 post-transfusion, 29 intravenous drug 
addicts (IVDA) and 19 sporadic cases. Three serum samples from each 
patient, obtained within the 1st, 3rd and 6th months after the onset of the 
symptoms, were tested. Anti-HCV was analyzed by ELISA (Ortho). The 
diagnosis of acute NANBH was based on conventional criteria. The Chi
square test and the Fisher's exact test were used for statistical comparisons. 

The prevalence of anti-HCV in the 1st, 3rd and 6th months in each 
epidemiological group is shown in table 1. From a total of 65 patients, 
22 (33.8%) were anti-HCV positive in the first sample. In 10 of these, a 
progressive increase of the ELISA ratio in the three samples was observed; in 
the other 12 patients the ELISA ratio was > 6 in the first sample and 
remained stable. Chronicity developed in 9/16 (52.9%) post-transfusion 
NANBH, in 24/29 (82.8%) IVDA and in 4/19 (21.1 %) sporadic cases; 
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Table 1. Anti-HCV antibody in acute non-A, non-B hepatitis 

Acute non-A, non-B hepatitis 

Months after Post-transf. IVDA Sporadic Total 
the onset 

First 4/16 (25%) 11/25 (44%) 4/16 (25%) 19/57 (33.3%) 
Third 12/16 (75%)a 22/25 (88 %)b 5/16 (31.2%)C 39/57 (68.4%) 
Sixth 14/16 (87.5%)d 24/25 (96%)e 5/16 (31.2%)[ 43/57 (75.4%) 

a vs. C p<0.05 d vs. [ p<O.Ol 
b vs. C p<O.OOl e vs. [ p<O.OOl 

(between 2nd and 3rd groups p < 0.0001). In the 6th month the prevalence of 
anti-HeV in patients who progressed towards chronicity was significantly 
higher than in those with acute resolving NANBH (94% vs. 53%, p<O.OOl). 

These results suggest that HeV is the main etiological agent in the post
transfusion acute NANBH and in those occurring in drug addicts. The 
lowest prevalence of anti-HeV detected in sporadic NANBH is probably 
due to the higher rate of recovery observed in this group. Finally, anti-HeV 
does not seem to be a good marker for the diagnosis of acute HeV infection, 
since: 1. - The prolonged window period noted, and 2. - Inability to 
distinguish between acute and chronic HeV infections in those patients that 
are anti-HeV positive at the onset of the acute hepatitis. 
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Prevalence of anti-He V antibodies in patients with acute nonA-nonB 
viral hepatitis 

T. Giuberti, S. Marchelli, A. DegJi Antoni, G. Magnani, A. Cavalli, P. Pizza ferri, 
C. Schianchi, C. Ferrari, and F. Fiaccadori 

Cattedra di Malattie Infettive, Universit:i di Parma, Italy 

Summary. In a group of 55 patients with NANBH, 81 % were found to be 
reactive for HCV antibodies. In addition, many patients who had not been 
subject to parenteral risk of infection were also found to be reactive. 
Statistically, HCV positive patients have an increased tendency to develop 
chronic hepatitis. 

* 

Fifty-five patients with nonA-nonB acute hepatitis were tested for the 
presence of antibodies to hepatitis C virus (anti-HCV; Ortho Diagnostic 
System). Samples were taken at the onset of the disease and then serially for a 
period of time ranging from 12 and 36 months. Twenty-seven patients had 
previously received blood transfusions (post-transfusional hepatitis; PTH), 
whereas 28 were negative for previous exposure to infected blood (non-post
transfusional hepatitis; non-PTH). 

In the group of PTH patients, anti-HCV was already detectable during 
the first month of disease in 9 cases; in 4 patients seroconversion occurred 
within 2 months from the onset; in 9 patients between the third and the sixth 
month; 5 subjects remained negative during the time of follow-up. No 
relation was observed between incubation time and detection of anti-HCV. 
Eleven PTH patients showed normalization of the transaminase values; 9 of 
them were anti-HCV positive (33%) and 2 negative (7%). In 16 patients 
serum transaminases were persistently elevated, 13 were anti-HCV positive 
(49%) and 3 negative (11 %). 

Among the 28 patients with non-PTH, 16 became anti-HCV positive 
during the first month; 5 between the second and sixth month; 7 patients 
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remained persistently negative. Of the 10 patients who recovered with 
normalization of serum transaminases, 5 were anti-Hey positive (18%), 
5 anti-Hey negative (18%). Eighteen patients showed evolution toward 
chronicity; 16 of these were anti-Hey positive (57%) and 2 negative (7%). 

In conclusion, 1) Hey seems to be responsible for a high number of acute 
post-transfusional nonA-nonB hepatitis (81 %), but it is also implicated in a 
large proportion of cases of acute hepatitis without previous exposure to 
infected blood and without other anamnestic criteria of parenteral transmis
sion (75%); 2) patient to patient variations in the time of anti-Hey 
seroconversion were observed, even though most of the patients sero
converted within 3 months from the onset (86%); 3) when the entire patient 
population is considered, evolution toward chronicity is observed more 
frequently in anti-Hey positive patients. 
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Antibody to hepatitis C virus in acute, self-limited, type B hepatitis 

M. Rodriguez, A. Suarez, R. Cimadevilla, S. Riestra, C. A. Navascues, P. Sala, 
and L. Rodrigo 

Hospital Covadonda, Oviedo, Spain 

Summary. Sera from 104 patients with self-limited, acute type B hepatitis 
were tested for the presence of anti-HCV antibodies. The results show that 
especially drug users with acute type B (and occasionally coinfected with 
type D) hepatitis commonly are infected with HCV. Furthermore, HCV 
infection may have preceded infection with the other agents and may 
be responsible for high AL T levels. 

* 

The cloning and identification of the RNA genome of hepatitis C virus 
(HCV) [IJ, was a breakthrough in research on hepatitis viruses. In order to 
determine the prevalence and the significance of antibody to hepatitis C virus 
(anti-HCV) in acute B hepatitis, we tested for anti-HCV sera from 104 
patients with self-limited disease, in whom HBsAg disappeared within 6 
months after the onset of the symptoms. 

The anti-HCV was tested by ELISA (Ortho) [2J in a serum sample 
obtained in the 6th month after the beginning of the acute disease. If the 
antibody was positive, we then looked for anti-HCV in a sample obtained at 
the onset of the symptoms. 

Out of 104 patients, 50.9% were intravenous drug abusers (IVDA). 
Hepatitis delta virus (HDV) coinfection was observed in 27/53 (50.9%) 
IVDA with acute hepatitis B. Persistence of high alanine aminotransferase 
(ALT) values for more than 6 months after onset of the acute hepatitis 
occurred in 28/104 (26.9%). Diagnosis of acute hepatitis B and of HDV 
infection was based on conventional criteria. The anti-HCV was positive in 
the 6th month in 46 of 104 (44.2%) patients. Of 53 IVDA, 42 (79.2%) were 
anti-HCV positive and 4/51 (7.8%) non-IVDA were so (p < 0.001). Among 
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IVDA, the prevalence of anti-Hey was higher in those with HDV coinfec
tion (27/30; 90%), than in those without HDV coinfection (15/23; 65.2%) 
(p < 0.05). The anti-Hey was positive in 25/28 (89.3%) patients whose ALT 
values were persistently raised for more than 6 months and in 21/76 (27.6%) 
with normal ALT values (p<0.001). In 38/46 (82.6%) anti-Hey positive 
patients, the antibody was already detected at the onset of the symptoms; in 
the other 8 (17.4%) patients seroconversion was observed and in these 
patients simultaneous infection by more than one virus probably occurred. 

These findings suggest that infection by HeV is present in a high 
proportion of IVDA with acute hepatitis B or Band D, and that the infection 
by HeV generally precedes infection by the other viruses. The HeV is 
probably responsible for the persistently high AL T values in patients with 
acute B hepatitis and with clearance of HBsAg. 
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Hev infection in HBsAg positive chronic liver disease 

F. Fatuzzo, M. T. Mughini, B. Cacopardo, R. La Rosa, L. Nigro, G. Lupo, S. Bruno, 
M. Zuccarello, E. Caltabiano, F. Zipper, S. Cosentino, R. Russo, and A. Nunnari 

Institute of Infectious Disease University of Catania, Catania, Italy 

Summary. The prevalence of anti-HCV antibodies was determined for a 
group of 68 patients with various forms of chronic liver disease. All patients 
that were anti-HCV positive but did not show signs of HBV replication had 
severe liver disease. We therefore suggest that HCV may be responsible for 
liver damage in HBsAg positive subjects when there are no evident signs of 
HBV replication. 

* 

The frequency of anti-HCV antibodies in patients with post-transfusional or 
cryptogenic chronic liver disease is high, whereas in patients with HBsAg 
positive chronic liver disease it appears noticeably lower, particularly in 
those with ongoing HBV replication [1-4]. Further studies showed that in 
patients with HBsAg positive chronic liver disease without evidence of HBV 
replication, anti-HCV prevalence rises to 30-50% [2-4]. These data and a 
recent report on HBsAg clearance during hepatitis C virus infection [3J 
suggest interference of HCV on HBV replication, which is similar to the 
negative influence of HBV replicative mechanism exerted by HDV super
infection. 

We detected retrospectively, anti-HCV antibodies in sera of 68 patients 
(50 M, 18 F, mean age 53 years) who were HBsAg positive with a biopsy 
proved chronic liver disease (14 chronic persistent hepatitis, 5 chronic 
lobular hepatitis, 30 chronic active hepatitis, 19 liver cirrhosis), and without 
evidence of HDV infection, autoimmune hepatitis, previous exposure to 
known hepatotoxic drugs or excessive alcohol consumption. 

In all, 18 (26.5%) patients were anti-HCV positive: 2 out of 29 (6.8%) 
HBeAg positive, 16 out of 32 (50%) antiHBe positive/HBV-DNA negative 
and 0 out of 7 antiHBe positive/HBV-DNA positive. 
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Our data confirm the low anti-Hey prevalence in patients with HBsAg 
positive chronic liver disease, with a significant relationship (p < 0.01) 
between anti-Hey positivity and absence of HBV replication. 

In 100% of anti-Hey positive patients without markers of HBV 
replication, we found a histological pattern of severe liver disease: chronic 
active hepatitis or cirrhosis. We therefore hypothesize that Hev may playa 
role in the evolution of liver damage in HBsAg positive patients with no 
evidence of HBV replication, while its role in liver disease progression among 
subjects with ongoing HBV replication is difficult to define. 
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Prevalence of antibody to hepatitis C virus in chronic HBsAg carriers 

M. Rodriguez, C. A. Navascues, A. Martinez, A. Suarez, S. Riestra, P. Sala, 
M. Gonzalez, and L. Rodrigo 

Hospital Covadonda, Oviedo, Spain 

Summary. The presence of the anti-HCV antibody was investigated in sera 
from 102 chronic HBsAg carriers. The subjects varied as to the character
istics of the clinical states. It was found that HCV co infection was more 
common in HBsAg positive intravenous drug addicts than in other paren
teral risk groups. It also appears that HCV may be the causative agent of 
chronic liver disease in HBsAg carriers with undetectable HBV (and possibly 
HDV) replication. 

* 

Recently, the genome of hepatitis C virus (HCV) was cloned [lJ and a specific 
assay was developed to capture circulating HCV antibodies (anti-HCV) [2l 

With the aim of studying, retrospectively, the prevalence of the antibody 
to hepatitis C virus in chronic HBsAg carriers, serum from 102 patients were 
tested. Thirty were healthy, chronic HBsAg carriers, 29 were chronic HBsAg 
carriers with hepatitis B virus (HBV) replication (HBeAg +ve/HBV-DNA 
+ve), without hepatitis delta virus (HDV) superinfection (antiHD -ve), 
and with chronic liver disease. Thirteen were chronic HBsAg carriers 
without HBV replication (antiHBe +ve/HBV-DNA -ve), without HDV 
superinfection (anti-HD - ve) and with chronic liver disease. Thirty were 
chronic HBsAg carriers with HDV superinfection (anti-HD +ve) and with 
chronic liver disease. The histological diagnosis in the 72 patients with 
chronic liver disease was: chronic persistent hepatitis (CPH) in 7, chronic 
active hepatitis (CAH) in 49 and active hepatic cirrhosis (AHC) in 16. The 
presumed source of exposure was: blood transfusion in 12, intravenous drug 
use in 32, homosexual activity in 5 and unknown in 53. 

Anti-HCV was tested by ELISA (Ortho), according to the manufacturer's 
instructions. Serum markers of HBV and HDV were tested by commercial 
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Table 1. Prevalence of anti-HCV in chronic HBsAg carriers 

Healthy chronic 
HBsAg carries 

1/30 (3.3%)a 

Chronic HBsAg carriers with chronic liver disease 

HBeAg +ve 
HBV-DNA +ve 
anti-HD -ve 

1/29 (3.4%)b 

anti-HBe + ve 
HBV-DNA -ve 
anti-HD -ve 

5/13 (38.4%)" 

anti-HD + ve 

21/30 (70%)d 

a vs. C p<O.OI; a vs. d p<O.OOI; b vs. C p<O.OI; b vs. d p<O.OOI 

assays. HBcAg and HDAg in liver biopsy were detected by immunoperoxi
dase technique. 

The prevalence of anti-HeV in each group is showed in the Table 1. 
Of 22 chronic HBsAg carriers anti-HD positive, HBcAg and/or HDAg 

positive in liver biopsy, 14 (63.6%) were anti-HeV positive, while 7/8 (87.5%) 
chronic HBsAg carriers anti-HD positive and HBcAg and HDAg negative in 
liver biopsy were anti-HeV positive. 

The prevalence of anti-HeV was significantly higher in intravenous drug 
addicts (68.7%) than in post-transfusion (16.6%), homosexuals (0%) or in 
those with unknown source. 

Our results show a high spread of HeV infection in intravenous drug 
addicts that are chronic HBsAg carriers. Infection by HeV may be respons
ible for the chronic liver disease in some patients with HBsAg positive 
chronic hepatitis and undetectable HBV replication. Likewise it could take 
place in some patients with chronic hepatitis Band HDV superinfection in 
whom replication of HBV and HDV is lacking. 
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HBV and Hev infection in Lv. drug addicts; coinfection with HIV 

P. Botti, A. Pistelli, F. Gambassi, A. M. Zorn, L. Caramelli, S. Peruzzi, C. Smorlesi, 
E. Masini, and P. F. Mannaioni 

Toxicological Unit, Department of Preclinical and Clinical Pharmacology, Florence 
University, Florence, Italy 

Summary. A group of 122 drug addict patients were studied to evaluate the 
incidence of HI V, HBV, HCV infections and oflaboratory findings of hepatic 
damage. Our data show that hepatic damage is more frequent in patients 
affected by HBV-HCV coinfection than those with HBV or HCV infection 
alone and that HIV positivity supports HBV-HCV coinfection. 

Introduction 

Intravenous (i. v.) drug addicts represent a high-risk group for parenteral 
infections, particularly those due to hepatitis viruses and HIV, of which this 
group represents a huge reservoir and an unpredictable source of diffusion 
[1, 2]. Preliminary data on the incidence of infection and coinfection by 
HBV, HCV and HIV in this group of patients are reported here. 

Materials and methods 

One hundred twenty two patients (96 males and 26 females, mean age 27.2 years, range 
17-42 years, with a mean period ofi.v. drug addiction equal to 6.8 years) were studied. They 
were admitted to the Toxicological Unit of Florence from January 1st 1990 to June 30th 
1990 for medical check-up, detoxication or emergency such as overdose or withdrawal 
syndrome. All were screened with standard blood tests, for HBV antigen and antibody 
markers (RIA), HeV antibodies (ELISA), HIV antibodies (ELISA), besides undergoing at 
least 3 samplings for AL T determination. 

Results 

None of the patients presented clinical and/or humoral signs of acute 
hepatitis during the observation period, although 62 (50.8%) showed 
abnormally elevated transaminase levels, suggesting hepatic involvement. 
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Table 1. Epidemiology of HBV and HeV 
infection in i.v. drug addicts 

N° of patients % 

HBV markers 21 17.2 
positivity 

HeVantibodies 16 13.1 
positivity 

HBV markers + 
HeVantibodies 64 52.5 
positivity 

HBV markers + 
Hev antibodies 21 17.2 
negativity 

Total 122 100 

Toxicological Unit, Florence University 

The following groups were formed (Table 1): 

A) Twenty-one patients (17.2%) with exclusive HBV-marker positivity, 11 of 
which revealing AL T altered values; 

B) Sixteen patients (13.1 %) with exclusive HCV-antibody positivity, 9 with 
ALT altered values; 

C) Sixty-four patients (52.5%) with both HBV and HCV-marker positivity. 
Forty-two cases (65.6%) had altered ALT levels; 

D) Twenty-one patients without any positive viral markers. The only case 
with elevated AL T values had developed hepatotoxicity following ther
apy with naltrexone. The whole group was free of any virus-induced liver 
damage. 

Mean AL T values were not significantly different than in the other 
groups (A, B and C). 

On the whole, 80 patients (65.5%) showed evidence of HCV antibodies 
and 85 (68.8%) the presence of HBV markers. 

Nineteen (15.6%) HIV-positive patients showed evidence of HBV and 
HCV coinfection in 78.9% of cases vs. 47.6% observed in the HIV- negative 
group (Fig. 2). 

The degree of hepatic damage and/or immunodeficiency (evaluated by 
the CD4/CD8 ratio) was found to be unaffected by the presence of HBV
HCV coinfection among HIV-positive patients. 
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Discussion 

Our data concerning the wide diffusion of both HBV and HCV observed in 
i.v. drug addicts are in full agreement with the reported literature [3]. The 
coinfection with HBV and HCV seems to enhance the rate of occurrence of 
hepatic damage (Fig. 1), though further data are needed to better evaluate its 
level, evolution and prognosis. 

The lack of hepatic impairment observed in both HBV- and HCV
negative patients may suggest that these are, at present, the only involved 
pathogenic viruses in such population, even if HCV itself does not represent 
the whole NANB virus group. 

The present data on HIV positivity rate are in agreement with our 
previous study carried out on 1076 i.v. drug addicts, observed in the period 
1985-1989, which resulted to be HIV -positive in 17.1 % of cases (185 cases). 
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Fig. 1. Laboratory findings of hepatic damage in i.v. drug addicts with HBV and/or HeV 
infection 
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56 (54.4 %) 

Fig. 2. HBV, Hey coinfection in i.v. drug addicts coinfection with HIV 
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The patients of our present study with positive HIV antibodies seem to 
be more susceptible to HBV, HeV coinfection. However, evidence for a 
negative prognostic role played by any viral infection on the others is still 
missing [4]. 
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Hev and HIV infection among intravenous drug abusers 

in Eastern Sicily 

B. Cacopardo, F. Fatuzzo, S. Cosentino, B. M. Celesia, M. T. Mughini, R. La Rosa, 
S. Bruno, G. Lupo, F. Zipper, G. La Medica, R. Russo, A. Nunnari 

Institute of Infectious Disease, University of Catania, Italy 

Summary. In a study of 175 intravenous drug addicts from Eastern Sicily, 
58.3% were found to be anti-HCV positive. In this population, the presence 
ofanti-HCV was independent of HI V infection, age, duration of drug use and 
the practice of needle sharing. This may indicate that HCV is more readily 
transmitted (or spread earlier in this population) among drug addicts than is 
HIV. 

* 

It has been widely demonstrated that HCV infection is frequently associated 
with high-risk behavior, such as intravenous drug abuse: anti HCV pre
valence among intravenous drug addicts (IVDA) is in fact 50-70% [1,2,3]. 

We studied anti-HCV antibody prevalence among 175 (151 M, 24 F) 
drug abusers from Eastern Sicily; 65 were anti HIV + ve and 110 anti HIV - ve. 
In all, 102 (58.3%) subjects were found to be anti-HCV positive: 40/65 
anti HIV +ve (61.5%) and 62/110 anti HIV -ve (56.5%). 

Our results confirmed a high anti-HCV prevalence among IVDAs in our 
area; in our data anti-HCV prevalence was independent of anti-HIV 
seropositivity, in accordance with Cadeo et al. [lJ, but in disagreement with 
the observations of Huemer et al. [3]. 

Furthermore, anti-HCV prevalence was unrelated to the IVDA's age, 
duration of drug abuse and habit of needle sharing, while it is well recognized 
that anti-HIV seropositivity is strongly related to these cofactors. A possible 
reason for the above mentioned results could be the earlier and higher spread 
of HCV in our area, or the fact that HCV is presumably more readily 
transmitted than HIV among intravenous drug abusers. 
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Finally, in accord with Esteban et al. [2J, we found no significant 
difference in CD4 + values between anti-HCV positive and anti-HCV 
negative subjects, meaning that anti-HCV seropositivity was independent of 
immunological status considered as CD4 + value. 
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1 Department of Experimental and Clinical Medicine, Catanzaro Medical School, 
University of Reggio Calabria 
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Summary. A higher seroprevalence of anti-HCV antibodies (63.4%) was 
found in 41 intravenous drug addicts (IVDA) when compared to 220 controls 
(1.8%). Life style is an important risk factor for HCV transmission among 
IVDA. 

* 

Intravenous Drug Addicts (IVDA) are at risk of Hepatitis B Virus (HBV) 
infection because of multiple factors. Sharing of needles and syringes, the 
high number of sexual partners, tattooing, promiscuity, poor hygienic habits, 
etc. favor the virus to penetrate into the organism by the parenteral and the 
inapparent-parenteral route [1-3]. Due to epidemiological similarities be
tween HBV and Hepatitis C virus (HCV) [3J, a study was conducted to 
investigate the prevalence of anti-HCV antibodies in IVDA in the Catanzaro 
area. 

Forty-one IVDA (34 men and 7 women, mean age: 26.1 years), attending 
from January to June 1990 for the first time a Center for Drug Addicts in 
Catanzaro were investigated. Drug addiction lasted at least 2 years (mean 
7.7 years). Two-hundred and twenty healthy subjects, from the same geo
graphic area, comparable for age, served as controls. Anti-HCV antibodies 
were detected in serum samples by ORTHO HCV ELISA TEST. 

A statistically significant difference (P < 0.001) was found in prevalence of 
anti-HCV antibodies between IVDA and control groups. In fact, 26 (63.4%) 
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out of 41 IVDA studied were positive for anti-HCV antibodies with respect 
to 4 (1.8%) out of 220 controls. 

Serum AL T levels > 2 x the upper limit of normal values were found in 
only 9 out of 26 (34.6%) anti-HCV positive subjects, and thus no correlation 
was found between anti-HCV positivity and abnormal ALT levels. 

Our data indicate that IVDA are also at high risk ofHCV infection in our 
geographic area. A "life style" which increases the risk of HBV infection 
among IVDA, clearly plays a similar role in the transmission of HCV among 
this group of subjects. 
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Summary. In a group of 110 dialysis patients, 21 % had anti-HCY antibodies. 
Statistical differences were noted according to method and duration of 
dialysis as well as the presence of further risk factors. 

* 
The present study was undertaken on the patients of the Piacenza dialysis 
Center to define the prevalence of hepatitis C virus infection and the relative 
risk factors. 

Materials and methods 

From November 1989 to May 1990, 110 patients were examined: 76 men and 34 women, 
average age 57 years (range 21-82). They underwent haemodialysis treatment for 3 to 266 
months (average 74), whereby 19% of the patients had been poly transfused, 81 % simply 
dialysed, I had received a renal transplant and none were drug addicts. 

As far as the dialytic treatment is concerned, 68.2% were treated by haemodialysis, 28% 
by continued peritoneal dialysis, 3.6% by intermittent peritoneal dialysis. Statistical analysis 
was done with the Chi Square test. The test for anti-HCV was made by a commercially 
available immunoenzymatic assay (Ortho Diagnostic System). 

Results 

Of the dialysed patients, 21 % were anti-HCY positive (9 women and 14 men, 
without a statistically significant difference between the two groups). No 
acute hepatitis cases were observed and anti-HCY negative patients who 
were tested more than once, remained persistently negative. 
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Thirty percent of the haemotransfused, the one transplanted patient, 
and 18% without any risk factors besides dialysis were anti-Hey positive, 
without any statistically significant difference between the studied groups. 

As far as the dialytic methods are concerned 24% of the patients 
undergoing haemodialysis, 19% of the patients undertaking continuous 
peritoneal dialysis and none of the patients undertaking intermittent peri
toneal dialysis were anti-Hey positive. 

Time of dialysis was significantly higher in the group of anti-Hey 
positive in comparison with anti-Hey negative patients (mean, 106 vs 65 
month, p < 0.00001). 
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Summary. The prevalence of antibodies to HCY and the course of hepatitis 
have been determined in 357 haemodialysed patients treated at a single 
institution. 

The prevalence of HCY infection increases with the duration of haemo
dialysis and with the use of blood transfusions, yet there is high frequency 
of HCY seropositivity even without blood transfusions. Evolution of 
HCY hepatitis to chronicity is frequent and biological signs of chronic 
hepatopathy can coexist with absence of alanine aminotransferase (ALT) 
abnormalities. 

* 

Non A, non B hepatitis (NANBH) in dialysis units continues to be an 
important disease both for its incidence and for some aspects of its natural 
history [1]. Hepatitis C virus (HCY) is the agent of80% of post-transfusional 
NANBH and 60% of sporadic NANBH [2]. 

The recent introduction of an assay for hepatitis C antibodies (anti-HCY) 
allows for NANB diagnosis in addition to the criteria of exclusion, but since 
this test represents only an indirect marker for infection, the correlation 
between anti-HCY positivity and blood infectivity is not absolute. HCY 
infection is becoming an emerging problem in haemodialysis units, not only 
because of its prevalence, but because of the doubts about the route of 
transmission of the virus in patients with known immunodeficiency. 

Several reports recently published are based on only a few cases or refer 
to multicentric studies that do not always guarantee a methodological 
uniformity. While these studies are useful in quantifying the phenomenon, 
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they are less useful in identifying routes of transmitting the infection, other 
than blood transfusion. 

However, there is no argument as to the high frequencies of HCV 
infection observed in dialysis units in the patients but not in the staff 
members; this suggests that HCV is not as readily transmitted as HBV [3]. 
This observation, plus the appreciable amount of HCV seropositivities not 
transfusion-related, suggest a cross infection in the dialysis setting by 
"inapparent" parenteral transmission of the virus. 

In this report we describe the anti-HCV seroprevalence and the course of 
hepatitis in patients treated in a large dialysis unit, and discuss the import
ance of preventive measures. 

HCV seroprevalence (Ortho Diagnostic System) was assessed in 357 
patients treated at a single institution: 38 % on centre haemodialysis and 
62% on self-care haemodialysis. The mean age of the patient, was 62± 14 
years and the mean duration of maintenance dialysis was 63 ± 50 months. 
Dialysis records of all cases were reviewed in a retrospective analysis. The 
statistical analysis was performed using chi-square and Student t-test. 

Anti-HCV was found in 90 patients, which represents a prevalence 
of 25.2 %, very close to the national data: 24 % is the mean prevalence 
of anti-HCV found in 1188 patients from 13 Italian haemodialysis units 
(data from Abstracts of XXXI National Congress of the Italian Society of 
Nephrology~Siena 1990). 

31 patients (22.9%) were dialysed at the centre and 59 (26.8%) at self-care 
units, 1 at home. No difference was observed regarding sex. In only 2 patients 
was HCV associated with HBsAg. 

Anti-HCV positivity was correlated with duration of dialysis (89.81 vs 
53.62 months, p < 0.0001) and with the use of blood transfusions: 

Non-transfused antiHCV + 20 (14.3%) Transfused antiHCV + 70 (32.3%) p<0.002 
antiHCV - 120 (85.7%) antiHCV - 147 (67.7%) 

However, 22.2% of the anti-HCV patients had never received blood trans
fusion. Anti-HCV positivity in non-transfused patients was observed in all 
classes of age and without significant differences (p: ns): 

Months 0-12 

Transfused 3 (60%) 
Non-transfused 2 (40%) 

13-26 

8 (72.7%) 
3 (27.3%) 

37-60 

14 (93.3%) 
1 (6.7%) 

61-84 85-108 108 

7 (63.6%) 12 (80%) 26 (78.8%) 
4 (36.4%) 3 (20%) 7 (21.2%) 

Anti-HCV positivity was more commonly found in patients with a history 
of elevated ALT levels than in those without [63/85 (74%) vs 27/272 (9.9%)J 
and reached 82 % (27/33) in those patients with persistently elevated AL T 
levels. 

For 34 anti-HCV positive patients, NANBH had been diagnosed in the 
past (69.3% of all the NANBH observed at the follow up). The course of 
hepatitis and of ALT activity was very capricious. Basically, however, we 
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observed 3 patterns, so we divided patients into groups: 1) patients (N = 27) 
without history of elevated AL T; 2) those (N = 36) with AL T exceeding 
2 times the normal value and then normalized for at least 1 year; 3) those 
(N = 27) with AL T exceeding 2 times the normal value and fluctuating for at 
least 6 months. Biological signs of chronic liver disease (gammaglobulins 
>20%, Platelets < 150000 mm 3, Cholesterol < 150 mgjdl) were estimated 
and found in all 3 groups with different, though not always significant, 
incidence. The smallest incidence in group 2 is, however, suggestive. 

Gammaglobulins 
Platelets 
Cholesterol 

Group 1 

16 (59.3%) 
6 (22.2%) 

14 (51.9%) 

Group 2 

14 (38.9%) 
5 (13.9%) 

10 (27.8%) 

Group 3 

16 (59.3%) 
10 (37%) 
10 (37%) p: ns 

According to the frequency of signs of chronic liver disease, we created a 
score and formed 2 classes: 

A) with at least 2 signs; B) with 1 or no signs. 

A 
B 

13 (48.1 %) 
14 (51.9%) 

7 (19.4%) 
29 (80.6%) 

11 (40.7%) 
16 (59.3%) p<0.05 

A significant difference exists between the groups; the highest incidence 
remains in groups 1 and 3, while the lowest frequency occurs in patients of 
group 2 who could be considered as cured. We conclude that the prevalence 
of HCY infection increases with the duration of maintenance dialysis and 
with the use of blood transfusions, yet an appreciable frequency of HCY 
positivity is present even in patients without blood transfusions. We think HCY 
infection can be acquired within dialysis units and the contamination of 
environmental surfaces seems to be responsible for patient-to-patient trans
mission of the virus. 

Evolution of HCY hepatitis to chronicity is frequent and biological signs 
of chronic hepatopathy can coexist with absence of AL T abnormalities. 
Given the high incidence of chronicity, a preventive programme for C 
hepatitis should be set up, particularly to protect patients awaiting renal 
transplant. At present, we think that patients with acute suspected NANBH 
and HCY positive patients with previous hepatitis and fluctuating AL T 
should be dialysed in separate sections. 
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Summary. To determine the risk of cohabitant HCV infection, we investig
ated the sera of 101 family members of 53 anti-HCV antibody positive 
chronic liver disease patients. Altogether 14.8 % of the cohabitants were also 
anti-HCV antibody positive, compared to a prevalence of 1.4% in the 
general population. These results suggest that hepatitis-C-virus may spread 
by person-to-person infection. 

* 
The high rate of anti-HCV positive cryptogenic chronic hepatitis, in contrast 
with anti-HCV prevalence among blood donors (1 %), clearly indicates the 
existence of additional modalities ofHCV transmission apart from those well 
recognized (blood or blood-derivative transfusion, drug abuse). Some 
authors have demonstrated the possibility of intrafamiliar circulation [2J or 
sexual transmission [3J of hepatitis C virus. 

We evaluated the prevalence of anti-HCV in 101 cohabitant contacts of 
53 patients with anti-HCV positive chronic liver disease (CLD). 

Out of 101 family members, 15 (14.8%) were anti-HCV positive: 8/39 
(20.5%) spouses, 5/20 (25%) brothers or sisters, 2/39 (5.1 %) offspring, 0 of 3 
parents; the overall anti-HCV prevalence did not differ widely from that 
described by other authors [1, 4]. Furthermore, we observed that no 
concomitant risk factors influenced these results. 

Certainly, such a prevalence is higher than that reported among blood 
donors in our area (1.4%) [4J, inducing us to conclude that family environ
ment plays a role in the transmission of HCV infection. As in Caporaso et al. 
[lJ, we found that anti-HCV prevalence was higher in spouses and siblings; 
no significant difference was found when comparing anti-HCV prevalence in 
spouses or in other family members. 



344 Preliminary investigation on intrafamilial spread of HCV 

The high anti-HCY prevalence among brothers and sisters bears out the 
role of person to person contact in the spread of hepatitis C virus further; in 
fact sharing of toothbrush, nail scissors, combs, etc. is often described among 
young cohabitants. 

We could not demonstrate a significant role of family socio-educational 
level on the spread ofHCY in a household: in any case, the problem deserves 
further study either with a higher number of families or with more para
meters of evaluation of the socio-educational status. 

Duration of elevated ALT in anti-HCY positive patients with CLD was 
not significantly related to anti-HCY reactivity in family members. We think 
that the availability of other more specific markers ofHCY infection will help 
us to better outline intrafamiliar HCY spread, as the antibody we are looking 
for in samples, is of little epidemiological utility. 
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Summary. To investigate the risk of non-parenteral HCV infection, sera from 
302 relatives of 120 anti-HCV positive subjects were tested for the presence of 
anti-HCV antibodies. For the sake of comparison, sera from 17,000 blood 
donors were also assayed. The prevalence of HCV positivity was 4.3% in 
household contacts, compared to 0.78 % in the donor population, indicating 
a significantly higher risk of infection for family members. Close personal 
contact may not be as critical a factor for infection as is duration of the 
disease. 

* 

The hepatitis C virus (HCV) is efficiently transmitted by a parenteral 
mechanism [1]. However, there is little information on the mode of 
transmission in cases without history of parenteral inoculation. Epidemio
logical similitude with HBV suggested the possibility of intrafamilial trans
mission of hepatitis C virus. 

With the aim of determining the prevalence of antibody to HCV (anti
HCV) among household contacts of anti-HCV positive subjects (index-cases: 
IC), we tested for anti-HCV by ELISA (Ortho) serum samples of 302 relatives 
of 120 (93 with anti-HCV-positive chronic liver disease and 27 anti-HCV
positive "healthy" blood donors). Sera obtained from 17000 consecutive 
blood donors were assayed for comparison. 

Thirteen (4.3%) of 302 household contacts had anti-HCV, a prevalence 
significantly higher than that found among blood donors (132 of 17000; 
0.78%), (p < 0.001). The positive relatives included 1 mother, 7 sexual 
rlartl~as and 5 sons; their mean age was higher than that of the negative
relatives (45.7 ± 18.5 vs. 32.2 ± 19.3 years; p < 0.05); the mean contact time 
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with the index case was greater for the anti-HCV-positive contacts (29.2 ± 7.6 
vs 19.5 ± 11.S years; p <0.01). The prevalence of anti-HCV was higher among 
relatives of patients with cirrhosis than that found among relatives of 
patients with other chronic non-cirrhotic liver disease (10.3 vs 2%; p <O.OS). 
The anti-HCV ELISA ratio (OD/cutoff) was higher in the IC of anti-HCV
positive relatives than that found in IC of negative relatives (S.6 vs 4.7; 
p=0.08). 

In conclusion, the prevalence of anti-HCV among household contacts of 
subjects with anti-HCV is higher than that found among blood donors [2]. 
The anti-HCV -positive relatives are older and the time of contact with the IC 
is longer than that observed in the negative relatives. The presence of anti
HCV among relatives is associated mainly with the existence of cirrhosis in 
the IC, which suggests a long-term infection. Probably, the risk for infection 
through close contact is not high [3J, and a longer duration of contact 
increases the probability of transmission. 
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Summary. The presence of anti-HCV antibodies was investigated in sera 
from a total of 123 inhabitants of two Tanzanian villages. In one of the 
villages, 72.2% of the sera and in the other village, 82.6% of the sera were 
found to be anti-HCV positive. These values are dramatically higher than 
other reported prevalences, whereby cross-reactivity between HCV and 
Flaviviruses as well as possible transmission by arthropod vectors cannot be 
ruled out. 

Introduction and objective 

Recent demonstration of the worldwide distribution of hepatitis C virus and 
its very different prevalence in various regions [1J, prompted us to compare 
sera from two Tanzanian villages and from adult subjects with chronic liver 
disease who had spent some time in tropical regions. 

Materials and methods 

The sera were collected at random in the villages of Nyomikoma (4700 inhabitants) and 
Ihale (6000 inhabitants) located near Lake Victoria in the Magu district (region of Mwanza). 
Agriculture is the main activity. Nutrition and sanitation are very poor. Fifty-four sera 
(9 from children, 34 adult females and 11 males) were examined in the first village and 69 (all 
children 6-12 years old) in the second. In addition, we studied 87 adults, living in Italy, 
suffering from chronic liver disease (47 Italians who spent 6 months to 20 years in Africa, Asia 
or South America and 40 natives of these areas). The detection of antibody was performed 
employing a qualitative ELISA based on the use of a recombinant polypeptide (ORTHO). 
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Results 

Nyomikoma: 39 out of 54 sera (72.2%) anti-Hey positive. 
Ihale: 57 out of 69 sera (82.6%) anti-Hey positive. 

- patients with chronic liver disease: 16 out of 47 Italians (34%) and 14 out 
of 40 natives of tropical regions (35%) anti-Hey positive. 

Conclusions 

The prevalence of Hev positivity in the Tanzanian villages appears strik
ingly high if compared to other data from the literature. Transmission by 
mosquito bites and cross-reaction of Hev to Flavivirus antigens are not 
excluded by Wong et al. owing to some common physical properties [2]. 
The positivity of the other patients agrees with what is reported by other 
authors [3]. 
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