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ABSTRACT

The aim of this thesis is to evaluate and investigate the magnitude of the two major
complications of haemophilia treatment: the development of inhibitory antibodies to
exogenous clotting factor proteins and blood borne viral infections and their sequelae
experienced in a large population of people with haemophilia.

All retrospective and prospective studies presented in this thesis have been conducted
on a population of 580 haem;)philia patients registered through out the years from 1964
to the present time at the Katharine Dormandy Haemophilia Centre and Haemostasis
Unit (KDHC&HU), and for whom a comprehen‘sive database has been established.

A 25 year follow-up study of 310 patients with inherited bleeding disorders infected
with hepatitis C virus between 1961 and 1985 as a result of treatment with non-virally
attenuated blood products has shown that 19% of HIV/HCV co-infected patients
progressed to liver disease whilst only 3% of HCV mono-infected patients progressed to
liver disease.

In the era of highly active antiretroviral therapy (HAART) a reduction in the incidence
of AIDS has been seen within this cohort, but the death rate has remained high as a
consequence of the large number of deaths related to liver disease secondary to chronic
hepatitis C infection. Patients with haemophilia who were infected with HIV between
1979-1985 are facing new challenges and complications in the era of HAART such as
the unique side-effect of the increased bleeding tendency associated with the use of
protease inhibitors.

Parvovirus B19, a non-lipid enveloped virus still escapes the virological surveillance
system and clinical problems related to this virus have been noted in patients who have
contracted this virus through the use of virucidally treated plasma derived clotting factor

concentrates.



431 haemophilia A patients of all severities have been followed-up for a total of 5,626
patient years and the frequency of inhibitors was found to be 10% in the severe
haemophilia A patients and a third of the inhibitors occurred in children less than 10
years of age.

An 1nhibitor study of 37 previously untreated children with severe haemophilia A who
have had treatment with the first heat-treated factor VIII product produced in the United
Kingdom showed absence of inhibitors.

A series of patients with mild and moderate haemophilia A have developed inhibitors
more recently in the KDHC&HU and a change in the practice of replacement therapy in
haemophilia may well play a role in the development of these inhibitors.

Therapy for haemophilia has progressed substantially not only in the replacement
therapeutic materials but also in the treatment strategies and mode of delivery of these
therapeutic products. Regular prophylaxis in children with severe haemophilia at our
centre has required insertion of central venous catheters because of difficult venous
access in some children. A catheter infection rate of 1.74 per 1000 catheter-days has
been noted.

Thus optimal comprehensive care for this group of patients requires the haemohilia
physician to be aware of the complications of therapy: the sequelae of transfusion
transmitted infections; the emerging challenges seen in those patients surviving with
HIV in the era of HAART; and the development of inhibitory antibodies to replaced

clotting factor proteins.
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1.1 GENERAL INTRODUCTION

Haemophilia is a bleeding disorder resulting from a congenital deficiency in either
factor VIII or factor IX. It is 1800 years since Judah the Patriarch’s first reference to the
disease in the Talmud in the 2" century AD, and the more recent history of haemophilia
has been through the triumphs and tragedies of transfusion therapy towards the
anticipatory dawn of gene therapy. As the 21¥ century approaches, recent major
advances in diagnostic techniques and replacement-factor therapy are already in
widespread use; yet, at a time when the cure of haemophilia is rapidly becoming more
probable than possible, we still grapple with issues of the main complications associated
with haemophilia replacement therapy: the sequelae of the blood borne viral infections
from the past, and the development of neutralising antibodies against the replaced

clotting factor proteins.

The Royal Free Hospital Haemophilia Centre was established in 1964 and is now one of
the largest comprehensive haemophilia centres in the United Kingdom. Dr Katharine
Dormandy, who pioneered the unit in 1964, introduced the era of modern haemophilia
therapy in UK with the introduction of cryoprecipitate produced in-house in 1966
(Bennet et al 1967) and also initiated the concept of home therapy using cryoprecipitate
in a home treatment setting since 1969 (Le Quesne et al, 1974).

All retrospective and prospective studies presented in this thesis have been conducted
on a large population of 580 haemophilia patients registered through out the years from
1964 to the present time at the KDHC&HU, and for whom a comprehensive database
has been established. A computerised database was introduced in 1980.

Patients with severe haemophilia are seen six monthly and those with other inherited

clotting deficiencies annually. From 1985 onwards human immunodeficiency virus



(HIV) sero-positive patients have been seen at three-four monthly intervals. Assessment
included medical history, review of home and in-patient treatment records, physical
examination and standard blood tests. From 1979, a serum/ plasma sample has been
taken at each clinic visit and stored at - 40°C.

The information collected on the HIV infected haemophilia cohort at the Royal Free
Hospital is as follows:

Demographics — date of birth, sex, haemophilia diagnosis and severity.

Clinical events — dates and type of all AIDS-defining events, date and cause of death.
Laboratory measures — dates and values of all CD4 and CD8 counts, Beta 2
microglobulin (B2M), IgA, IgM, p24 antigen and HIV RNA levels.

Treatment — dates of starting and stopping all antiretroviral drugs.

Other — date of first HIV positive and last HIV negative test results, estimated date of
seroconversion.

All information is stored anonymously, without any personal identifiers, on a computer

database.

1.2 AIMS AND OBJECTIVES

The purpose of the work described in this thesis is to gain more insight into the natural
history, clinical, epidemiological and patho-physiological aspects of the two main
complications associated with haemophilia replacement therapy: transfusion transmitted
viral infections and their sequelae and the development of neutralising antibodies to the

replaced clotting factor proteins.



1.3 SUMMARY OF THE STUDIES

a) A short summary of the studies undertaken on the various aspects and new
challenges of transfusion transmitted infections seen within our haemophilia cohort
is given below:

1.3.1 Hepatitis C virus infection

The natural history of hepatitis C infection appears to differ according to geography,

alcohol use, virus characteristics (e.g. viral genotype and viral load), coinfection with

other viruses and other unexplained factors.

Data on the natural history of hepatitis C are limited. Prospective cohort studies are few

and typically small, include relatively few subjects whose date of infection can be well

documented (e.g. blood transfusion recipients and victims of accidental needle-sticks),

and have relatively short follow up duration.

Therefore a natural history study of 310 haemophilia individuals who have been

infected with hepatitis C infection between 1961 and 1985 and followed up in a single

comprehensive haemophilia centre for 25 years has been undertaken and is described in

the thesis.

1.3.2 Surviving with HIV in the era of HAART: emerging challenges.

Combination therapy with protease inhibitors and nucleoside analogues potently
suppress plasma HIV-1 RNA levels in HIV infected individuals and have resulted in
dramatic decreases in the progression of HIV infection to AIDS and death. There are
now new difficulties associated with long term HIV infection. The combined effect of
powerful antiretroviral drugs and sophisticated techniques for assessing disease
progression has created a range of new and often contradictory challenges for patients

and their families. These developments have allowed hope to emerge. The improved



wellbeing in patients has resulted in an opportunity to reappraise reproductive choices,
the possibility of career training and employment.

The clinical outcomes and response to highly active antireroviral therapy in a cohort of
closely monitored 111 HIV infected haemophilia patients and the unique side effect of
one of the powerful HIV medication (protease inhibitors) seen in patients with bleeding
disorders have been studied.

A study of the risk factors associated with heterosexual transmission of HIV infection in
monogamous relationships in HIV sero-discordant haemophilia couples has been
undertaken in an attempt to provide information for family planning in the era of

HAART.

1.3.3 Parvovirus B19 infection

The disastrous consequences of blood-borne virus infections in haemophiliacs have
provided the impetus for the development of safer plasma derived clotting factor
concentrates, yet the search for absolutely safe plasma products must be tempered with
the recognition that such a goal is probably unattainable. The transmission of
parvovirus B19 infection through clotting factor concentrate in two of our patients is
presented because of the potential pathogenicity of this virus and the possible
significance as a “sentinel virus” for other as yet unknown organisms. The HIV
epidemic caught the plasma fractionators unawares, and so might another equally

dangerous virus in the future.



b) A short summary of the studies undertaken on the development of inhibitors to the

replaced clotting factor concentrates is as follows:

1.3.4 Epidemiology of factor VIII inhibitors

In the United Kingdom, a national database was started in 1969 by the UK Haemophilia
Centre Directors Organisation (UKHCDO) (Biggs 1974). A recent updated report from
this database by the UKHCDO showed a prevalence of factor VIII inhibitors in
haemophilia patients of all severities of approximately 6% with an annual inhibitor
incidence of 3.5/1000 severe haemophilia A patients (Rizza et al 2001). Thus most
haemophilia centres in the UK have only very small numbers of inhibitor patients.

We have undertaken a retrospective study of all factor VIII inhibitor patients followed-
up over three decades in one of the largest comprehensive haemophilia centres in the
UK, in an attempt to understand the natural history of factor VIII inhibitor patients and

also to get some insight into the pathophysiology of factor VIII inhibitor formation.

1.3.5 The inhibitor study of the first heat-treated factor VIII concentrate
produced in the United Kingdom.

Concentrates of both FVIII and FIX, derived from the UK volunteer donors, have been
available ever since the early 1960s. These are manufactured by Bio Products
Laboratory (BPL; Elsetree, Herts, UK) and the Protein Fractionation Centre (PFC;
Edinburgh, UK). Both agencies are an integral part of the National Health Service, and
are thus enterprises supported by the government. The first heat-treated FVIII, 8Y
heated at 80° for 72 hours, produced in the UK became available in July 1985.

Several studies published prior to 1985 indicate that 6-15% of patients with severe

haemophilia A develop inhibitors (Brinkhous et al 1974; Gill 1984). When heat



treatment for viral inactivation of FVIII concentrates was introduced in the 1980s, there
was concern that heat treatment could produce neoantigens on the factor VIII protein
that might increase the risk of inhibitor induction.

We have carried out a study of inhibitor development in a cohort of 37 boys with severe
haemophilia A (FVIII:C<2 u/dl) exposed to the first heat-treated FVIII concentrate

produced in the UK.

1.3.6 Inhibitors in mild and moderate haemophilia A patients

Inhibitor formation is an increasing recognised problem in patients with mild and
moderate haemophlia A. The UKHCDO inhibitor register reported 57 new cases of
inhibitors during January 1990 to January 1997, of which 16 (28%) were in patients
with mild and moderate haemophilia A (Rizza et al 2001). This finding may have
resulted from improved data collection or it is also possible that recent changes in
clinical practice, such as the use of continuous infusions and high purity or recombinant
FVIII, are associated with increased inhibitor formation. A small series of inhibitors in
patients with haemophilia A of mild and moderate severity observed recently in our

haemophilia centre is reported in this thesis.

1.3.7 New Treatment Strategies

Therapy for haemophilia has progressed substantially not only in the introduction and
widespread use of safe clotting factor concentrates but the advancement has also been
seen in the change of treatment strategies and the mode of delivery. In the majority of
developed countries replacement therapy has moved on from on-demand infusion
treatments to using prophylactic therapy especially in patients with severe haemophilia.

Improvements in the stability of the clotting factor concentrates have also made it



possible to change the mode of delivery of the clotting factor concentrates from bolus
injection to the use of continuous infusion techniques. Continuous infusions of clotting
factor concentrate is very useful in certain clinical situations such as life-threatening
bleeds and during surgical procedures. The complications which could be associated
with prophylaxis have been undertaken in our haemophilia cohort and is included in this

thesis.
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INFECTIOUS COMPLICATIONS OF BLOOD PRODUCTS

The risk of acquiring diseases from the transfusion of blood and blood products is well
recognised. Haemophilic patients receive clotting factors derived from cell free plasma
and are therefore susceptible to infectious agents transmitted in plasma. As a result of
plasma pooling, individuals with haemophilia are also at significant risk of an infection
even if the agent has a low prevalence rate in the blood donor population. Infectious
organisms such as those associated with red cells or with leucocytes (cytomegalovirus,
Epstein Barr virus and toxoplasmosis) are generally less of a threat to haemophilia

patients.

2.1  VIRUSES TRANSMISSIBLE BY FACTOR CONCENTRATES

The major threats to haemophilic patients are transmissible viruses which have a plasma
phase and which cause serious and/or chronic disease. The actual and potential
pathogens and their characteristics are shown in Table 2.1.

The major threats in terms of both prevalence and pathogenicity of the transfusion

transmitted infections are HIV and the hepatitis B and C viruses (HBV and HCV).

Other transfusion transmitted viruses

Among other potential viral threats are the agents believed to be responsible for the
small proportion (probably less than 10%) of post-transfusion hepatitis which is not
caused by hepatitis A, B, or C viruses. Two early candidates were the hepatitis G
virus/GB virus (HGV/GBV) and the TT virus (TTV). The evidence now suggests that
neither is associated with chronic hepatitis (Sheng et al 1997; Lefrere et al 2000), but
that both these viruses have been transmitted via haemophilia replacement products.

HGYV is likely to be susceptible to the viral inactivation strategies which are effective for
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other enveloped viruses, although this remains to be established. Even if this is
confirmed, the efficacy of these procedures could be compromised if there are high
initial viral titres in unscreened plasma pools. TTV is widely prevalent in blood donors
around the world (Prescott & Simmonds 1998; Naoumov et al 1998). It is a non-
enveloped single-strand DNA virus, and its susceptibility to standard viral inactivation
procedures is questionable, as recipients of exclusively virally inactivated concentrates
have been frequently affected (Chen et al 1999). Ion exchange chromatography,
nanofiltration, and dry heating appear ineffective in inactivating TTV in factor
concentrates; however, factor VIII and IX concentrates purified by immunoaffinity
chromatography were negative for TTV DNA (Yokozaki et al 1999).

SEN-V is a recently identified blood-borne DNA virus which appears to cause post-
transfusion hepatitis. New SEN-V infection was found in 10 of 12 patients (83%) who
developed non-A to E post-transfusion hepatitis, 32 of 94 (34%) transfused patients who
did not develop hepatitis, and 3 of 97 (3.1%) non-transfused patients (Umemura et al
2000). The consequences of SEN-V infection (chronicity and natural history) and its
implication for recipients of clotting factor concentrates remains to be established.
Non-human viruses are a potential concern, but their pathogenicity in humans is often
unclear. For example, porcine factor VIII concentrate has been contaminated with
porcine parvovirus (PPV), which is highly endemic in pig herds. Fortunately, PPV is
not known to be transmissible to humans, and laboratory and clinical data on recipients
of porcine factor VIII have thus far failed to demonstrate that it poses a health risk to
humans. Attempts to exclude or inactivate PPV are complicated by its small size and by
the fragility of the porcine factor VIII molecule, which does not withstand the vigorous

procedures needed to inactivate PPV.
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Table 2.1 : Characteristics of human pathogens relevant to clotting factor
concentrates
Agent Blood-borne  Pathogenicity Screening tests Inactivation
HIV Yes Yes Ab; Ag; NAT Yes
Hepatitis C virus ~ Yes Yes Ab; NAT Yes
Hepatitis B virus ~ Yes Yes Ab; Ag; NAT Yes
Hepatitis A virus  Occasionally  Yes Ab; (NAT) +/-
Parvovirus B19 Yes Yes Ab; (NAT) +/-
Hepatitis G virus ~ Yes Questionable NAT Probable
TT virus Yes Questionable NAT Questionable
SEN virus Yes Possible NAT ?
vCID* ? Yes None ?

Ab, antibody; Ag, antigen; NAT, nucleic acid amplification testing.

*The agent of a variant of Creutzfeldt-Jakob disease (vCJD) is not a virus, but a prion

and is included in the table owing to potential pathogenicity.
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2.2 VIRAL REDUCTION STRATEGIES APPLIED TO CLOTTING
FACTOR CONCENTRATES

The vexing problem of viral transmission through blood and blood products has to be
addressed in a systematic way. Prevention of viral infection relies on the application of
sequential strategies including donor selection, testing of donated blood, partitioning of
viruses from therapeutic components, viral inactivation, active immunisation and post
marketing surveillance. The responsibility for implementation of these strategies is
shared among manufacturers, government regulators, treaters and consumers.
Technologies used to prevent viral contamination of the initial plasma pool from which

clotting factor concentrates are fractionated are listed in Table 2.2.

Table 2.2 : Prevention of virus entry into plasma pools used to produce clotting

factor concentrates

Donor selection

e Self-deferral (donor indicates that s/he is a potential blood risk)

e Deferral by centre

Screening of individual donor units

e Surrogate assay
e Antibody reactivity

e Viral antigen

Screening of pool

e Viral nucleic acid amplification testing (NAT)

Donor re-testing
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Donor selection

The viral burden entering the plasma pool can be limited by careful donor selection, a
strategy which non-selectivity reduces the risk of transmitting viruses by selecting
against high-risk characteristics and behaviours. Many countries rely on altruistic blood
donors, but carefully screened repeat-paid donors in fact constitute an extremely safe
pool (Taswell 1987). For optimal safety, the donor selection process should be
accompanied by strict criteria for the re-entry of deferred donors into the pool and by a
registry which effectively ensures that plasma from deferred donors is not inadvertently

released.

Screening of donor units

Surrogate tests have usually been applied as temporary measures in the absence of
specific screening tests, although they may have additional; independent value. For
example, anti-HB core antibody and alanine aminotransferase (ALT) levels were
introduced as surrogates for the putative HCV agent before specific serological assays
were available.

Monospecific antibody or antigen detection tests are used to exclude individual donor
units contaminated with preselected virus targets. The priority of these assays is
sensitivity, so that the ratio of true-positive to false-positive results should be high in
selected (i.e. low prevalence) donor populations.

False-negative screening tests may be caused by clerical error or failure of quality
control, but more predictably they are the result of subthreshold viral contamination.
This may occur during an asymptomatic ‘window period’ early in the course of
infection, or else in a late chronic carrier stage when viraemia or the host serological

response has declined. One approach to close this early window is the practice of
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donor-re-testing, in which frozen plasma is quarantined for sufficient time (e.g. three
months) to allow re-testing of donors who initially test negative. Virus transmission
during the window period is rare. For example, the Retrovirus Epidemiology Donor
Study (REDS) in the USA found that risk of contracting viral infection from a single
antibody-negative donor unit is approximately 1:500 000 for HIV, 1:100 000 for HCV,
and 1:63 000 for HBV (Schreiber et al 1996). The risk for pooled products, such as
clotting factor concentrates, can be magnified, as a single contaminated unit in a large
pool (which may include plasma from tens of thousands of donors) can potentially
contaminate an entire lot of product. On the other hand, dilution of contaminating virus
in these large pools might reduce the infectiousness of the final product and might also
enhance the efficiency of viral inactivation steps.

Screening for HBV surface antigen (HBsAg) is extremely sensitive because large
amounts of viral protein are synthesised early in the course of HBV infection. Still,
HBV can be infectious at titres below the limit of detection by HBSAg assays
(Hoofnagle 1990; Thiers et al 1988), and the sensitivity of assay may also be reduced in
the presence of antibody (Ferguson et al 1996). HIV antigen testing is of limited value,
but screening for the HIV p24 antigen is commonly performed in the hope of excluding
antibody-negative donations during the window period. This strategy may be
particularly useful in countries where there is a high incidence of newly acquired HIV
infection. HCV antigens have not been targets of screening tests, as only small
concentrations of antigen circulate during the early phase of infection (Ulrich et al
1990). However, new more sensitive methodologies may make this a feasible approach
(Peterson et al 2000).

Nucleic acid testing (NAT) of donated blood has been introduced in many European

and North American countries. The rationale for NAT is its potential to identify
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infectious donor units that are seronegative. The most common explanation for this
discrepancy is the window period phenomenon, but insensitivity of serological tests is
an additional limitation. NAT can reduce the window period by as much as 59 days for
HCV, 25 days for HBV, and 11 days for HIV (Schreiber et al 1996). NAT on pools of
16-512 plasma samples typically achieves sensitivity limits in the range of
approximately 1000 viral genome equivalents (GE)/ml and is practical for
implementation in blood banks (Roth et al 1999). The limitation of even this sensitive
technology is illustrated by the report of transmission of HCV by a platelet concentrate
from a donor who was negative even by single-unit NAT (Schuttler et al 2000). The
impact of NAT is greatest for HIV and HCV infections and less so for the detection of
HBV, in which viral titres during the window period may be as low as 10%-10%/ml.
More sensitive techniques and the introduction of single-donor testing could enhance
the value of NAT for excluding HBV.

As HIV, HBV, and HCV are all exquisitely sensitive to both solvent detergent (S/D)
and thermal viral inactivation, NAT will add little to the safety of serologically
screened, virally inactivated clotting factor concentrates. Indeed the major impact of
this approach will be on the safety of cellular components and untreated plasma
derivatives. However, NAT could also enhance the safety of clotting factor concentrates
with respect to viruses such as HAV and parvovirus B19, which are relatively resistant

to viral inactivation methodologies.

Removal and inactivation of viruses
All clotting factor concentrates are processed by using methodology designed to remove
and/or inactivate viruses. These techniques are not specific for individual agents. They

serve to eliminate recognised pathogens in window period donations and unrecognised
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pathogens for which screening tests are not performed. The validated techniques are
shown in Table 2.3. The International Association of Biological Standardisation
recommends that plasma derivatives be treated with at least two independent viral
inactivation steps (Willkommen & Lower 1993). However, the efficacy of viral
removal or inactivation is finite, and in any event these steps must compromise some
degree of viral kill in order to avoid excessive denaturation of the clotting factor protein.
For example, heat treatment typically reduces the yield of factor VIII activity by 10-
15% despite the addition of chemical stabilisers such as amino acids, citrate, or sugars.
Another potential liability is a higher risk of inhibitor antibody development,
presumably cause by subtle molecular changes (Rosendaal et al 1993; Peerlinck et al
1997).

Table 2.3:Techniques for removal or inactivation of virus in clotting factor

concentrates

Incidental removal during protein purification

Specific virus removal by filtration

Thermal inactivation
e 80-100°C for 0.5-72 h (dry)

e Pasteurisation, 60°C for 10 h (liquid)

e Heat under pressurised steam

Chemical inactivation
¢ Inorganic solvent + nonionic detergent

e Sodium thiocyanate

Photochemical inactivation
e Beta-propiolactone/ultraviolet light

e Ultraviolet C irradiation
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Physical partitioning of viruses from clotting factor concentrates occurs incidentally
during their purification and formulation. Substantial amounts of virus are removed by
steps, such as cryoprecipitation, chromatographic separation (in particular
immunoaffinity chromatography), and lyophilization. Filtration techniques are also
applicable as dedicated viral removal steps where the protein of interest is small enough
(typical less than 100 kDa) to allow efficient separation from target viruses. This is not
applicable to the complex of factor VIII with its binding protein von Willebrand factor,
but ultrafiltration and ‘nanofiltration’ membranes are now being used to exclude not
only HIV but also viruses as small as HAV and parvovirus B19 from concentrates of
factor IX and factor XI (Hoffer et al 1995; Burnouf-Radosevich et al 1994).

Viruses have varying thermal sensitivity, and heat treatment is a widely used viral
inactivation procedure. The effectiveness of heat as a virucidal treatment is a function
of many factors, including time, temperature, the physical state (dry or in solution), the
salt content, the rate of temperature change, and the nature and concentration of the
stabilizers (Suomela 1993). Effective protocols include pasteurisation (60°C in the
liquid phase) and higher temperature protocols applied to lyophilized concentrates (80-
100°C for 0.5-72 h).

Viruses with lipid coats (including HIV, HBV, and HCV) can be efficiently disrupted
by exposure to an organic solvent (usually tri-(n-butyl)phosphate, TNBP) in the
presence of a nonionic detergent, either Tween 80, sodium cholate, or Triton X-100
(Horowitz et al 1985). These chemical agents are potentially toxic, and they must be
removed from the final product. As is the case for heat treatment, the efficiency of
solvent detergent (S/D) protocols is time and temperature dependent (Suomela 1993).

S/D causes rapid and complete inactivation of lipid-coated viruses, and the safety record
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of S/D-treated blood products with respect to these viruses is excellent. Many S/D-
treated products are now further treated with a terminal heat treatment step. This
broadens the spectrum of viral inactivation to include non-enveloped viruses, while
retaining the advantage of the potent activity of the S/D treatments. The experience to
date with these dual-treated products has been good, with no evidence that the added
manipulation has enhanced their immunogenicity (Smith et al 1997; Hart et al 1994;
Robinson 1994).

Other approaches have been used for viral inactivation in concentrates of factor IX,
which is more stable to manipulate than factor VIII. These techniques are generally less
active individually, but are of some use when combined with other methodologies.
They include sodium thiocynate, photochemical inactivation by ultraviolet irradiation
with a chemical sensitising agent, and ultraviolet C irradiation.

The combined application of all the strategies outlined above have for all practical
purposes virtually eliminated the risk of transmission of virulent organisms by plasma-

derived clotting factor concentrates.

24 THE IMPACT OF HCV AND HIV INFECTION IN THE UK
HAEMOPHILIA COMMUNITY

The true impact of viral transmission through clotting factor concentrates was not

appreciated until the magnitude and consequences of the HIV epidemic in

haemophiliacs became evident in the mid-1980s. By the end of that decade it was found

that virtually all treated individuals had contracted the hepatitis C virus, including those

who had been fortunate enough to escape infection with HIV. It is therefore a tragic

irony that the same plasma derivative which brought independence and life-saving
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therapy to thousands of people also devastated a generation of haemophiliacs and their
families.

In the UK during 1969-85, 4865 haemophilia individuals are known to have received
virally contaminated blood products (Darby et al 1997). As serum samples for this
large population were not stored systematically, and sensitive tests to detect antibodies
to HCV antigens became available only in the 1990s the HCV status cannot be formally
classified in this large group. However studies in small groups of haemophilic
individuals have shown that virtually 100% of those treated with non virus inactivated
large pool concentrate are infected with HCV, and that a single exposure usually causes
infection (Fletcher et al 1983; Kernoff et al 1985; Watson et al 1992). Of those
individuals 80% (3662/4865) had explicit evidence that they received non-virus
inactivated large pool concentrate, and many of the remaining 1203 would also have
received this treatment. Therefore approximately 4000 haemophilia patients in the UK
have been infected with HCV and 30% (1227/4000) of those HCV infected individuals
are also co-infected with HIV.

Most individuals treated before the introduction of donor screening for hepatitis B virus
in 1972 were exposed to HBV (MRC report BJH 1974) and about 2% of HBV exposed
haemophilic individuals developed persistent HBs Ag positive infection (Telfer et al
1994b). 10-20% of haemophilic individuals are also chronic carriers of hepatitis G virus
(HGV) (Jarvis et al 1996) although a causal role for it in liver disease has not been

shown.
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3.1 OVERVIEW OF HEPATITIS C VIRUS - NATURE OF THE VIRION
AND THE VIRAL GENOME

Non-A, non-B hepatitis (hepatitis C virus) was first recognised in 1975 but it was not
until 1989 that the genome of the virus was first cloned and sequenced, and expressed
viral antigens were used to develop serological assays for screening and diagnosis
(Purcell 1997). Hepatitis C virus (HCV) is in a separate genus of the virus family
Flaviviridae. 1t is a spherical enveloped virus of approximately 50 nm in diameter. Its
genome is a single-stranded positive sense linear RNA molecule of 9,500 bases coding
for 3000 amino acids. It has no DNA intermediate and hence cannot integrate into the
host genome, but does use a negative strand RNA in its replicative cycle within the
liver. The RNA consists of a 5’ noncoding region, a single large open reading frame,
and a 3’ noncoding region. The open reading frame encodes at least three structural and
six non-structural proteins. The most important characteristic of the HCV genome is its
sequence heterogeneity (Bukh et al 1995). In this respect, it resembles the human
immunodeficiency virus, a member of the virus family Retroviridae. The genetic
heterogeneity of HCV is not uniform across the genome and is greatest in the amino-
terminal end of the second envelope protein (hypervariable region 1). This region may
represent a neutralisation epitope that is under selective pressure from the host’s

humoral immune response.

Genetic heterogeneity: Types, Subtypes and Quasispecies

Based on their genetic heterogeneity, HCV strains can be divided into major groups,
called types or genotypes. Six major genotypes have been identified and at least
partially characterised. These have been designated types 1 through 6. Subtypes have

been given letter designations. The major genotypes of HCV differ in their distributions
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worldwide. Genotypes 1, 2 and 3 and their subtypes are distributed worldwide. In
contrast, genotype 4 appears to be a Pan-African type, and genotype 5 has been found to
be the principal genotype in South Africa. Genotype 6 and its many variants have been
found principally in Asia. The consequence of the genetic diversity of HCV is, that a
virus has the ability to escape the immune surveillance of its host, leading to a high rate
(>80%) of chronic infections and lack of immunity to re-infection in repeatedly exposed
individuals. Both chronicity and lack of solid immunity probably result from the
emergence of minor populations of the virus quasispecies that vary in sequence,
especially in the hypervariable region-1 (HVRI1). A quasispecies is defined as a
heterogeneous population of individual virions, each of which may be different in at
least one genomic site. Therefore, HCV still remains a challenge both to the physician

and the virologist.

3.2 CLINICAL SPECTRUM OF DISEASE

Hepatitis C virus is not easily cleared by the host’s immunological defences. Thus, a
persistent infection develops in perhaps as many as 85% of patients with acute hepatitis
C. This inability to clear the virus by the infected host sets the stage for the
development of chronic liver disease. The spectrum of disease after hepatitis C
infection is broad. In contrast to hepatitis A and B, there is no effective vaccine to

prevent acquisition of hepatitis C infection.

Mode of Transmission
Hepatitis C is transmitted primarily by the parenteral route, and sources of infection

include injection drug use, needle-stick accidents, and transfusions of blood products.
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Since 1990 and the introduction of tests for antibodies to HCV (anti-HCV), new cases

of post-transfusion hepatitis C have virtually disappeared.

Acute infection

After initial exposure, HCV RNA can be detected in blood in one to three weeks.
Within an average of 50 days (range 15 to 150 days), virtually all patients develop liver
cell injury, as shown by elevation of serum alanine aminotransferase (ALT). The
majority of patients are asymptomatic and anicteric. Anti-HCV almost invariably
becomes detectable during the course of illness, and can be detected in 50% to 70% of
patients at the onset of symptoms and in approximately 90% of patients three months
after onset of infection. HCV infection is self-limited in only 15% of cases. Recovery
is characterised by disappearance of HCV RNA from blood and return of liver enzymes

to normal.

Chronic infection

A propensity to chronicity is the most distinguishing characteristic of hepatitis C,
occurring in approximately 85% of HCV-infected individuals. These patients fail to
clear the virus by six months and develop chronic hepatitis with persistent, although
sometimes intermittent viraemia and abnormal ALT levels that can fluctuate widely.
Approximately one third of patients have persistently normal serum ALT levels.
Antibodies to HCV or circulating viral RNA can be demonstrated in virtually all
patients. A small proportion of individuals with chronic hepatitis (<20%) develop non-
specific symptoms, including mild intermittent fatigue and malaise. Symptoms first
appear in many patients with chronic hepatitis C at the time of development of advanced

liver disease. Chronic hepatitis C is typically an insidious process, progressing, if at all,
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at a slow rate without symptoms or physical signs in the majority of patients during the
first two decades after infection. The rate of progression is highly variable. Long-term
studies suggest that most patients with progressive liver disease who develop cirrhosis
have detectable ALT elevations; however, these can be intermittent. The relationship is
inconsistent between ALT levels and disease severity as judged histologically.
Although patients with HCV infection and normal ALT levels have been referred to as
healthy HCV carriers, liver biopsies can show histological evidence of chronic hepatitis

in many of these patients.

Cirrhosis

The major serious complication of chronic hepatitis C is the development of cirrhosis.
Cirrhosis can develop rapidly, within one to two years of exposure, or slowly, within
two to three decades (Hoofnagle 1997). In studies with 10 to 20 years of follow-up,
cirrhosis develops in 20% to 30% of patients (Seeff 1997; Vaquer et al 1994; Yano et al
1996). It is unclear whether the remaining patients will eventually develop cirrhosis or
whether the numbers of patients developing cirrhosis will level off with time. Thus,
chronic hepatitis C probably does not have one typical course; there are probably
multiple different courses ranging from rapidly progressive to slowly progressive to
non-progressive.

The determinants of severity in chronic hepatitis C are not known. Features that have
been suggestive as predictive of more severe or more rapidly progressive disease are
older age, immunodeficiency, concurrent excessive alcohol intake, and in some series,
certain HCV strains and high degrees of genetic heterogeneity (Seeff et al 1992; Vaquer
et al 1994; Yano et al 1996). Once cirrhosis develops, the symptoms of end-stage liver

disease can appear, including marked fatigue, muscle weakness and wasting, fluid
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retention, easy bruising, upper intestinal haemorrhage, jaundice, dark urine, and itching.
Once end-stage liver disease has developed, the only practical means of restoring health
is liver transplantation. Recurrent HCV infection of the new graft occurs in almost all
patients who undergo transplantation for hepatitis C, but in many cases the recurrent
infection is mild (Gane et al 1996). At present, long-term survival after liver
transplantation for hepatitis C is similar to that for other diagnoses, averaging 65% after

5 years (Detre et al 1996).

Hepatocellular Carcinoma

Chronic infection by HCV is associated with an increased risk of liver cancer. Most
cases of HCV-related hepatocellular carcinoma occur in the presence of cirrhosis. The
risk that a person with chronic hepatitis C will develop HCC appears to be 1% to 5%
after 20 years, with striking variations in rates in different geographic areas of the
world. Once cirrhosis is established, the rate of development of HCC increases to 1% to
4% per year. Among patients with cirrhosis caused by hepatitis C, HCC develops more

commonly in men and in older patients.

Extrahepatic Manifestations of HCV

Patients with chronic hepatitis C occasionally present with extrahepatic manifestations
or syndromes considered to be of immunologic origin, including arthritis,
keratoconjunctivitis sicca, lichen planus, glomerulonephritis, and essential mixed
cryoglobulinemia. Cryoglobulins may be detected in the serum of approximately one
third of patients with HCV, but the clinical features of essential mixed cryoglobulinemia

develop in only approximately 1% to 2% of patients.
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3.3 DIAGNOSIS OF HEPATITIS C INFECTION

Diagnostic tests for hepatitis C infection can be divided into the following two general

categories:

1)  serological assays that detect antibody to hepatitis C virus (anti-HCV); and

2)  molecular assays that detect, quantify, and/or characterise HCV RNA genomes
within an infected patient.

Serological assays have been subdivided into screening tests for anti-HCV, such as the

enzyme immunoassay (EIA), and supplemental tests such as the recombinant

immunoblot assay (RIBA).

Screening tests

The main screening assay for detecting anti-HCV is the enzyme immunoassay (EIA)
(Younossi & Hutchinson 1996). The EIA has many advantages in the diagnostic
setting, including the ease of use, low variability, ease of automation, and relatively low
expense. The first generation anti-HCV test (EIA-1) contained a single HCV
recombinant antigen derived from the nonstructural (NS) 4 gene, designated c100-3.
EIA-1 lacked optimal sensitivity and specificity and was subsequently replaced in 1992
by the second-generation test (EIA-2) (Alter 1992). The EIA-2 test contains HCV
antigens from the core and NS3 genes in addition to the NS4-derived antigen, and thus
represents a multiantigen EIA. In the high-prevalence setting, EIA-2 testing allows
detection of approximately 95% of individuals with molecular evidence of HCV.
Immunocompromised patients, such as organ transplantation recipients or human
immunodeficiency virus-infected patients, may lack detectable antibodies by EIA-2
even in the presence of active viral infection (Lok et al 1993). A third-generation anti-

HCV test (EIA-3) has been approved and contains reconfigured core and NS3 antigens
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plus an additional HCV antigen NS5 not present in the EIA-2 test. The slight
improvement in EIA-3 sensitivity compared with the EIA-2 test has been attributed to
reconfigured antigens already present in the EIA-2 test and not to the NS5 antigen.
However, testing in high-prevalence populations has indicated that not all patients with
active HCV infection (e.g. HCV RNA positive) are identified with the EIA screening
tests. Three generations of anti-HCV tests have been developed, and each generation
has resulted in an improvement in the sensitivity of detecting anti-HCV.

Supplemental tests for anti-HCV (RIBA)

Recombinant immunoblot assay (RIBA) a supplemental anti-HCV test, is designed to
resolve false-positive testing by EIA, and is appropriately used in low-prevalence
settings in which false-positive anti-HCV tests remain a problem. The tests use the same
HCV antigens in an immunoblot format. Third-generation anti-HCV tests (EIA-3 and
RIBA-3, respectively) contain antigens from the HCV core, nonstructural 3,
nonstructural 4, and nonstructural 5 genes.

In many infections, isolation of the pathogen by tissue culture is useful for establishing
the diagnosis. However, tissue culture propagation of HCV has been extremely difficult,
with only a few reports of low efficiency propagation in the research setting. Therefore
molecular assays have been developed to detect, quantify, and/or characterise HCV

RNA genomes within infected patients.

Molecular assays for hepatitis C can be divided into three general categories:
1)  Detection of HCV RNA in patient specimens by polymerase chain reaction (PCR)
provides evidence of active HCV infection and is potentially useful for confirming

the diagnosis and monitoring the antiviral response to therapy. Optimal HCV
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PCR assays at present have a sensitivity of less than 100 copies of HCV RNA per
millilitre of plasma or serum.

Tests that assess the quantity of HCV RNA in the blood (quantitative HCV RNA
tests). Two main technologies exist for assessing HCV RNA levels or viral load.
Quantitative PCR is the most sensitive test for determining hepatitis C viral load,
whereas the branched-chain DNA test appears to be the most precise method.
Major limitations of the current tests are inadequate dynamic range and high
variability of PCR-based assays, and poor sensitivity of the branched-chain DNA
test.

Tests that determine the genetic nature of HCV (HCVgenotype tests). This test is
useful especially in clinical trials as HCV genotype is an independent predictor of
response to therapy. Screening tests for HCV genotype includes: (1) restriction
fragment length polymorphism analysis of the highly conserved 5’-noncoding
region, (2) reverse dot blot hybridisation analysis of 5’-noncoding region
sequences (LIPA assay), (3) nested PCR analysis of the HCV core gene using

genotype specific primers.
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NATURAL HISTORY OF HCV IN A COHORT OF HAEMOPHILIC

PATIENTS INFECTED BETWEEN 1961 AND 1985

41 INTRODUCTION

There has been much difficulty in designing and undertaking suitable studies that can
convincingly define the natural history of chronic HCV infection. Indeed, the
difficulties are such that an absolute answer may never be fully realised. With regard to
hepatitis C, it seems apparent that certain critical features must be incorporated into the
design of a natural history study if it is to be truly informative. These include the need
for the following: (1) to accurately establish onset of the initial acute disease to properly
determine disease duration; (2) to identify and evaluate the full spectrum of acute
disease to avoid the bias of focussing evaluation on the more obvious and more severe
forms of illness; (3) to track the process to its resolution or to its adverse disease end
point, regardless of the duration of the process, which may extend for decades; (4) to
evaluate outcome without instituting treatment that might modify the course; and (5) to
assemble a properly matched control group without hepatitis C that can be followed-up
with the same zeal and intensity as the study cohort to perform classical case control
studies.

Unfortunately, it is difficult, if not impossible in some instances, to adhere to each of
these requirements in a natural history study of HCV infection because: (1) the onset of
acute hepatitis C is not recognised in the majority, perhaps 60% to 80%, of instances.
The time of onset, therefore, has to be inferred, often inaccurately, on the basis of
historical information; (2) onset generally occurs without symptoms, and hence most
clinically mild cases will be missed unless prospective serologic or biochemical

screening is performed; (3) the disease generally progresses very slowly, requiring the
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passage of three or four decades, in most instances, to reach recognisable serious
endpoints. It therefore represents a daunting task for the clinical investigator, few of
whom are willing to devote their research careers to this extended form of investigation;
(4) treatment of chronic hepatitis C has become common place in the last few years,
potentially modifying the natural history of the disease; and (5) the construction of a
matched control group cannot be acheived without the ability to identify onset of the
acute bout of hepatitis C.

Indeed, conduct of an ideal natural history study of chronic hepatitis C requires either
that at-risk groups, such as transfusion recipients, are screened prospectively for onset
of current disease and then evaluated during the ensuing two to three decades, or that
serum samples are recovered from outbreaks that can be traced to a common source
exposure in the distant past, permitting conduct of a retrospective-prospective, referred
to more properly as a non-concurrent prospective, study. The latter fortuitous
circumstance is a rare event. Accordingly, much of the reported data on natural history
are accrued from retrospective studies of persons with already established chronic liver
disease, excluding from analysis the group — possibly the bulk of cases — that do not
reach clinical awareness. As noted, this approach tends to bias outcome data in the
direction of the more severe disease sequelae.

Nonetheless, a great deal of information has been gathered over the past two decades
regarding the natural history of chronic hepatitis C that provides important if not
entirely complete or satisfactory information.

The above considerations necessary for conducting an accurate natural history study of
chronic HCV infection have been taken into account in the study of the natural history
of HCV in a cohort of haemophilic patients infected with HCV and followed up for over

two decades.
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4.2  PATIENTS AND METHODS

The cohort comprises 310 patients with hereditary bleeding disorders who had been
treated with non-virucidally treated blood products. The first large pool clotting factor
concentrates were used to treat factor IX deficiency in 1961 and single donor pool
cryoprecipitate was used from 1966 to treat factor VIII deficiency (Bennett et al 1967).
There was a gradual introduction of large pool factor VIII concentrate from 1976. From
1985, all large pool clotting factor VIII and IX concentrates used in the centre were
treated with virucidal processes. Individuals with von Willebrand's disease were treated
with cryoprecipitate or desmopressin (DDAVP) before 1985. Patients with factor XI
deficiency were treated with fresh frozen plasma (FFP) until a heated large pool clotting
factor concentrate became available in 1990 (Bolton-Maggs et al 1992).

Follow-up

The Royal Free Hospital Haemophilia Centre was established in 1964 and therefore it
was possible to review the clinical and treatment records for all patients from this time
up until September 1st 1999. A computerised database was introduced in 1980. Over
this period, patients with severe haemophilia (factor <2u/dl) were seen six monthly and
those with other inherited clotting deficiencies annually. From 1985 onwards, HIV
seropositive patients were seen at least three monthly. Assessment has included
medical history, review of home- and in-patient treatment records, physical
examination, a standard panel of blood tests, ultrasound of the abdomen and endoscopy
for evidence of varices. From 1979, a serum sample was taken at each clinic visit and

stored at -40°C.
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Statistical methods

All analysis were done with procedures in SAS (version 6.2). Comparisons between
groups were made using the Chi-squared test or Fisher's Exact test for categorical
variables, and using the Mann-Whitney U test for continuous variables because of the
expected non-normality of these variables. Standard survival analysis methods were
used to model progression to death. Person-years at risk were calculated using the date
of first exposure to unsterilised concentrate until death or September 1st 1999. For
those patients lost to follow up [49 (16%)] the end point was taken as the date when the
patient was last reviewed at the centre; information about last attendance at another
centre was used where that was available. Kaplan-Meier progression rates and 95%
confidence intervals were calculated from 1985 until the censoring date for analyses
relating to HIV infection. In order to visually illustrate the impact of HIV infection on
survival, Kaplan-Meier plots were also drawn using a baseline date of 12 January 1985
by which time HIV-positive patients had seroconverted (Lee et al 1989b). Cox
Proportional Hazard Models were used to compare survival between groups. HCV
genotype and age at first exposure to concentrates grouped: <10 years; 10-19; 20-29;
>3( years of age were taken as fixed covariates at baseline. Seroconversion to HIV and
time of first anti-HCV therapy were considered as time-updated covariates, taking the
value 0 prior to the time of seroconversion/starting therapy and 1 thereafter. The first
exposure date was known for 228 (74%) patients. For those patients for whom the
exposure date was not known, the median exposure date, July 1977, was used.
Analyses were repeated including only those individuals with known date of infection.

Results of these analyses were unchanged and therefore not included.
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Virology and immunology

Fresh or serum stored from 1979 from patients who had received any blood product
therapy was tested for antibody to HCV by second-generation enzyme immunoassay,
EIA, (Ortho Diagnostics, Amersham, England). RIBA-2 was used as a confirmatory test
in those who appeared to have cleared HCV infection naturally and were PCR negative.
Confirmation of ongoing HCV infection was made by detection of HCV viraemia either
by qualitive reverse-transcriptase PCR (Amplicor HCV test, Roche, Lewes, England) or
branched DNA (bDNA) assays. HCV genotyping was performed by extracting serum
RNA from which HCV RNA was detected by reverse transcription (RT) and nested
PCR using primers derived from the 5’ non-coding region (NCR) of the HCV genome.
Genotype was determined from the pattern of DNA fragmentation after digestion of the
PCR product with the two enzyme pairs Mva 1 + Hinf and Hae III +Rsa 1. Hepatitis B
surface antigen (HBsAg) was tested by EIA (Murex Diagnostics, Abbott, Maidenhead,
England). Antibodies to HIV were tested by EIA (Wellcozyme, Murex Diagnostics,
Abbott, Maidenhead, England), and confirmed by gelatin particle agglutination (Mast
Diagnostics, Liverpool, England and Abbott, Maidenhead, England). All the virological
tests and HIV antibody tests were done by the Royal Free Hospital virology laboratory

and the immunology department.

43 RESULTS

Serological and viral testing for HCV: Of the 310 patients who had been treated with
non-virucidally treated blood products, 305 were tested for HCV and five patients (who
had also been treated with large pool non virucidally treated clotting factor concentrate)
had died before HCV antibody tests became available and there were no stored serum

samples available for testing. 298/305 (98%) were anti-HCV positive and the
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remaining seven (2%) were anti-HCV negative. Of the 200 patients in whom it was
possible to determine HCV viraemia 27/200 (14%) were consistently HCV PCR
negative in recent and archived specimens. These 27 individuals were thought to have

cleared the virus and they have been studied in more detail.

Exposure to HCV, HBV and HIV: Of the 310 patients who were exposed to a high
HCV risk blood product the source of the infection was thought to be large pool non
virucidally treated concentrate in 287 (93%) and of these the date of exposure was
known in 216 (75%), a median date July 1977 (range 1961-1985). One patient was
treated with factor IX concentrate as early as May 1961 in Oxford. Of the 22 patients
who became infected from cryoprecipitate the date of infection was known in 11,
including one patient who was a carrier of haemophilia A and developed fulminant
hepatitis C following treatment with cryoprecipitate in 1981 (Lee et al 1985). A patient
who was treated with several hundred-donor units of cryoprecipitate at another hospital
in 1990 was the only patient to be infected after 1985. Six patients, of whom two had
died, were HBsAg positive. Previous study of this cohort of patients using archival
specimens has shown that patients were infected with HIV between 1979 and 1985 with

a median seroconversion date of 1983 (Lee et al 1989b).

Demographics (Table 4.1): Of the total 310 patients, 223 (72%) were alive at
September 1st 1998, 26 (8%) had died of a liver-related death, and 61 (20%) had died
from other causes. The inherited coagulation disorders were haemophilia A, factor VIII
deficiency, 227 (73%); haemophilia B, factor IX deficiency, 49 (16%); von
Willebrand’s disease, 25 (8%); and other deficiencies 9 (3%). This distribution reflects

the relative prevalence of these disorders in the haemophilic population. There were a
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higher number of deaths within the haemophilia A group (85% of 26 liver-related
deaths, and 95% of 61 deaths not caused by liver disease). Of the total 87 deaths, 80
patients had haemophilia A, 5 haemophilia B and 2 vWD. Of the total population of
310, 125 (40%) were infected with HIV and of these 54 were alive, 20 had died from a
liver-associated death and 51 had died of other, predominantly HIV-related, causes.
HCV genotyping was performed in 213 (69%) of the total 310 patients: 135 (63%) were
type 1; 29 (14%) type 2; 39 (18%) type 3; and 10 (5%) other genotypes. Of the 189
(83%) living patients who were tested for HCV viraemia, 133 (70%) were positive. Of
the 57 patients ( including patients who have been treated) who were PCR negative for
HCV, 27 (9%) were thought to have cleared the virus. All seven individuals who died a
liver-related death were HCV RNA positive. The HCV viral load in serum was higher
in patients who had died with liver-related deaths, median 19.1 x 10° compared to 8.1 x

10° genome eq/ml in those still alive (p = 0.16).



Table 4.1 : Demographics of the cohort of 310 patients

Alive Liver-related deaths Other deaths Total
Total 223 (100) 26 (100) 61 (100) 310 (100)
Haemophilia A 147 (66) 22 (85) 58 (95) 227 (73)
. . Haemophilia B 44 (20) 3(12) 203) 49 (16)

Coagulation Disorder VWD 23 (10) 1(4) 12) 25 (8)
Other 9(4) 93

Age in years at Median 15.3 272 23.3 17.4

HCV infection Range (0.01-61.3) (6.8-62.8) (2.0-76.8) (0.01-76.8)

HIV HIV Positive 344 20(77) 51(84) 125 (40)
Total tested 159 (71) (100) 22 (85) (100) 32 (52) (100) 213 (67) (100)
1 94 (59) 19 (86) 22 (69) 135 (63)
2 23 (15) 3 (14) 3 (9) 29 (14)

HCV genotype 3 34 @) 5 (16) 39 (18)
4 2 (1) 2 (6) 4 (2)
5 2 () 2 (1)
Mixed 4 3) 4 2)

HCV viraemia Total tested 189 (83) (100) 727) (100) 4 (7) (100) 200 (65) (100)
Positive 133 (70) 7 (100) 3 (75) 143 (72)

Last measured Total tested 150 (67) 727 3(5) 160 (49)

HCV viral load Median 8.1 19.1 8 83

X 10° genome eq/ml Range (<0.2-126) (1.3-414) (1.3-16) (<0.2-126)

Total cohort ( ) percentage

Subpopulation (' ) percentage
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Kaplan-Meier analyses: The progression rates to death from any cause and deaths
related to liver disease 25 years from exposure to HCV were 47% (95% CI 34-60) and
19% (95% CI 10-27) respectively (Figure 4.1). Patients were infected with HIV during
the years 1979-85, by which time virucidal treatment of large pool clotting factor
concentrates was in use. Therefore, in order to show the effect of HIV on the
progression of HCV-related liver disease, Kaplan-Meier analyses were calculated from
1985 by which time all patients would have seroconverted to HIV. Thus, over a 13.3
year interval from 1985, the progression to death from all causes was 8% (95% CI 4-13)
and 57% (95% CI 48-66) for those HIV negative and positive respectively (p= 0.0001;
Figure 4.2); the progression to death related to liver disease was 3% (95% CI 0.4-6) and
21% (95% CI 13-31) for those HIV negative and positive respectively (p=0.0001;

Figure 4.3).

Figure 4.1 : Kaplan-Meier progression to liver related and all-cause deaths yearly

after exposure to HCV
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