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Abstract

A major complication of the treatment of haemophilia with factor concentrates was the
transmission of viral infections particularly, hepatitis B, HIV and non-A non-B hepatitis
(NANBH). There was also evidence of immune dysfunction occurring even in the absence of
HIV infection and it remained unclear, whether this was due to other repeated viral infections
or to the concentrates themselves.

The first aim of this study was to ascertain the safety of an intermediate purity factor VIII
concentrate, BPL 8Y, which was dry heated at 80°C for 72 hours. Twenty five previously
untreated patients, followed for up to eleven years have shown no evidence of infection with
HIV, hepatitis B or NANBH.

As it became apparent that this group of boys was remaining free of significant viral infections
it provided an opportunity to follow the group prospectively as regards immune function. To
determine firstly, whether the previously described immune abnormalities occurred in a virus
free population and secondly, if they did occur what was the relation of the immune
dysfunction to concentrate treatment.

IgG levels remained stable over eleven years and no consistent changes in CD4 or CD8 levels
were seen in twenty one of the patients followed over ten years.

Lymphocyte proliferation to mitogens and monocyte function were compared with a control
group, and with two other groups of haemophiliacs, one HIV seropositive and a second group
who, although remaining HIV seronegative had become infected with hepatitis viruses.

The responses of the BPL 8Y haemophiliacs were comparable to those of controls and better
than those of the other haemophiliacs. However, looking at the data closely the responses at
sub-optimal concentrations of mitogens were lower than those of controls although this was
not statistically significant. A similar picture was also seen in the monocyte function assay. In
conclusion, these patients, remaining free of significant viral infections are not demonstrating
dramatic changes in immune function, but, at the same time they are not entirely normal. These
subtle changes imply that patients must continue to be studied and that there is no room for

complacency.
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CHAPTER ONE

THE HISTORY OF HAEMOPHILIA AND ITS TREATMENT
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"For it was taught: If she circumcised her first child and he died, and a second one also
died, she must not circumcise her third child"” was how haemophilia was first described
in the second century in the Talmud (Rosner 1969). The first description in the medical
literature appeared in 1793 (Bulloch & Fildes 1911), followed by' more detailed
descriptions of a bleeding disorder transmitted by a mother to her affected sons in 1803
(Otto 1803). Early family studies led to the suspicion that the condition was sex linked.
Hay in 1813 stated "the children of bleeders are never subject to this disposition; but
their grandsons, by their daughters, are” (Hay 1913). Sex linked inheritance was later
confirmed by selective mating experiments in haemophilic dogs (Brinkhous & Graham
1950, Brinkhous 1951).

The condition had become known as 'haemophilia’ in 1828 and by the beginning of this
century it was established that samples of blood taken from people suffering from
haemophilia clotted much more slowly than samples from normal individuals.
Discovering what was actually wrong in haemophilia was made more difficult because
the 'normal' coagulation process was not fully understood.

This process and the defect resulting in haemophilia were gradually elucidated during
the first half of the 20th century.

It was known that the coagulation of blood occurred as a result of the formation of
insoluble fibrin from the soluble fibrinogen, and that thrombin was the substance
possessing the power to perform this conversion. Thrombin was generated as a result
of the interaction of prothrombin, calcium and thrombokinase, the latter being derived
from certain cellular elements of the body when they were broken up or destroyed. In
1911, Addis set out to isolate the individual components from haemophilic blood and
compare the amount and activity of each with that isolated from normal blood. He
concluded that the cause of the delay in the coagulation of haemophilic blood was due
to a qualitative defect in the prothrombin resulting in a slow rate of thrombin
formation. He also established that the addition of normal plasma to that from a
haemophilic corrected the delay in coagulation, demonstrating that the defect was not

due to the presence in haemophilic plasma of an inhibiting substance (Addis 1911).
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During the 1930's and 1940's fractionation techniques were developed by which plasma
and other body fluids could be separated into their various protein components. It was
established that the portion of plasma responsible for the correction of the clotting
defect in haemophilia was closely associated with the globulin fraction and that it was
free from both prothrombin and fibrinogen (Patek & Taylor 1937, Minot & Taylor
1947). This component was called anti-haemobhilic globulin (AHG) (Lewis et al 1946)
and was later assigned the Roman numeral Factor VIII at the International Committee
for the nomenclature of blood clotting factors in 1962 (Wright 1962).

It had also become apparent that AHG deficiency did not account for all cases of
haemophilia, when it was demonstrated that mixing the blood of certain haemophiliacs
in vitro with that of most others led to the correction of the clotting defect (Pavlovsky
1947). Studies of several patients in 1952 showed that the inheritance of this condition
was also sex linked but that a different clotting factor was deficient (Biggs et al 1952).
This factor was known as Christmas factor, and has subsequently been renamed factor
IX. Christmas disease has now been renamed haemophilia B and factor VIII deficiency
is haemophilia A.

It had become apparent that a number of different protein fractions were important in
the process of coagulation. In 1964 the classic coagulation cascade, a series of
proteolytic cleavages ultimately resulting in the formation of an insoluble fibrin clot,
was described and has remained the basis of our understanding of coagulation today
(MacFarlane 1964, Davie & Ratnoff 1964).

There are other disorders of coagulation resulting from deficiencies of the various other
proteins involved in the process but haemophilia A remains the commonest occurring

world-wide in approximately 5 in 100,000 of the whole population.

It later became clear that the plasma component termed anti-haemophilic globulin and
renamed factor VIII was in fact a complex of two distinct proteins with different
biochemical and immunological properties and coded for by entirely separate genes.
The factor VIII procoagulant protein (FVIIL:C), which is deficient in haemophilia is

complexed in the plasma with von Willebrand factor (the factor VII related protein,
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FVIII:R). Von Willebrand factor is necessary for normal platelet adhesion and for
primary haemostasis. Both quantitative and qualitative abnormalities of this protein
result in a prolonged bleeding time and von Willebrand's disease, the inheritance
pattern of which, in contrast to haemophilia, is autosomal.

The gene for FVIIIL:C has been cloned (Toole et al 1984) and the amino acid sequence
and structure of the protein has been defined (Vehar et al 1984). The availability of the
cDNA for human factor VIII has allowed the construction of plasmids that would
direct the expression of FVIII protein in mammalian cell lines. This has resulted in the
production of a highly purified factor VIII which may well eventually be used as the

sole treatment for haemophilia A (Wood et al 1984).

Clinical features of haemophilia A

Haemophilia A is the commonest of the inherited bleeding disorders and has an
incidence of 5 in 100,000 of the whole population (Biggs 1977) and occurs in all ethnic
groups. It is a sex-linked condition resulting from a mutation of the factor VIII (FVIII)
gene on the X chromosome leading to defective FVIII function. This may be due to a
failure to synthesise FVIII, reduced synthesis or the synthesis of an abnormal FVIII
variant.

Affected males carry the mutant allele on their single X chromosome and heterozygous
females (‘carriers') have the mutant allele on one X chromosome and the normal allele
on the other. A homozygous haemophilic female is therefore theoretically possible but
extremely rare.

Of the children born to an affected male, his sons will be normal and not transmit the
disease and his daughters will be obligate carriers. There is a one in two chance of the
affected gene passing from a carrier female to her children, therefore male children
born to a carrier have a one in two chance of being affected and female children a one
in two chance of being themselves carriers.

Approximately one third of newly diagnosed haemophiliacs appear 'de novo'. This may

be due to a new mutation or it may be that the condition has been passed through
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several generations of females and no affected family members are known.

In haemophilia, primary haemostasis, the formation of a platelet plug, is normal; so
that the development of petechiae or purpura is not a feature of the condition. Clot
formation is however impaired resulting in bleeding from large vessels and the
development of haematomata together with bleeding into joints and muscles. Bleeding
from mucous membranes is not common but ﬁaematuria and gastro-intestinal bleeding
can occur.

The severity of symptoms in general parallels the degree of deficiency of FVIII, and
the disease pattern tends to run true in families with the same inherited defect.

The level of FVIII is expressed in terms of the amount present in normal plasma. One
unit of FVIII is defined as that amount present in 1ml of fresh normal plasma and the
normal range is 50-200 u/dl (Denson & Biggs 1976). In the past FVIII levels were
expressed as percentages of normal. Levels below 50 u/d] are therefore, by definition,
abnormal but generally bleeding problems are not seen at levels above 30u/dl.
Haemophilic patients are divided into three categories on the basis of their FVIII
levels. Severe haemophiliacs have levels of <2 u/dl and suffer from frequent and
apparently spontaneous bleeds. A moderate haemophiliac has levels of between

2-5u/dl and has fewer joint and muscle bleeds which occur usually after trauma, and a
mild haemophiliac (> 5u/dl) would bleed only after severe trauma or dental or general
surgery. The division into categories is only a rough guide. There are severe
haemophiliacs who rarely bleed whereas some of those with moderate levels behave
clinically more like a severely affected individual. Variations of lifestyle of course play
a part in disease presentation and it is also possible that FVIII activity measured in
vitro (categorising someone as moderate) is not effective in vivo.

If there is a family history of haemophilia the diagnosis of an affected child may be
made early on in life by performing a FVIII assay on a blood sample from the baby or
on blood from the umbilical cord.

Severe haemophiliacs tend to present as young children once they have begun to walk

and develop bruising and subcutaneous haematomata as a result of frequent falls. The
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condition can occasionally present in the neonatal period, with for example, severe
cephalohaematomata, prolonged bleeding from the umbilical cord or a large
haematoma from an intra-muscular injection of vitamin K. However, it is more
common for the children to present slightly later with multiple bruises and swellings
and haemophilia is an important diagnosis to consider in a child where non-accidental
injury is being considered.

As a severe haemophiliac begins to walk he becomes prone to developing haemar-
throses which can become a recurrent and chronic problem. Bleeding can occur into
most joints but the commonest to be involved are knees, elbows and ankles. The onset
of a joint bleed is usually associated with some discomfort and it is important that
children learn to recognise this so that treatment can be given early. If left untreated the
joint will swell and become very painful. As with any other joint injury the
surrounding muscles waste and once the bleed has subsided the joint may remain very
unstable and as a result bleeding re-occurs as soon as mobilisation begins.

Recurrent bleeding into a joint results in inflammation and the gradual development of
chronic damage and crippling deformity. The development of adequate treatment and
. increasing knowledge about the condition means that severe joint damage should occur
much less frequently now and in the future.

The other major sites of bleeding include muscles, bleeding into which can result in
nerve compression and ischaemic damage. Haematuria and gastro-intestinal bleeding
may occur, the latter may be the first presenting sign in a mild haemophiliac who, in
adult life develops a peptic ulcer.

Other individuals are diagnosed when they suffer severe trauma or undergo surgery or
dental extractions. The incidence of intracranial bleeding is fortunately low, but it is
extremely important that head injuries in children with haemophilia are treated with

great caution and appropriate treatment with FVIII concentrate.

The Development of Treatment of Haemophilia

The clinical picture and the quality of life of people with haemophilia changed
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dramatically with the development of blood products containing a large concentration
of FVIII. In 1983, before the devastating effects of HIV transmission became apparent,
the life expectancy of a severe haemophiliac was approaching that of a normal
individual (Rizza & Spooner 1983) whereas the picture 50 years before had been
entirely different. In 1937 Carroll Birch reviewed the .course of disease in a large group
of patients with haemophilia. The clinical picture was that of painful deformity in early
childhood accompanied by fear of death after trivial injury and an almost certain early
demise. Of 113 patients 82 died before their 15th year and only six survived for greater

than forty years (Birch 1937).

Treatment

In 1840, a paper in the Lancet described how the life of an eleven year old boy whose
life had been in danger on several occasions as a result of haemorrhage was saved by
the transfusion of fresh blood from "a stout healthy young woman". The boy had had
an operation to correct a squint six days before and had continued to bleed (Lane
1840). Other recommended treatment modalities at that time included those that are
still of use today such as the application of ice and splinting and other less useful
examples including the oral administration of lead, antimony, strychnine and
turpentine.

Attempts at treatment by the transfusion of whole blood and plasma were hampered
both by the limited supply and by problems of volume overload (MacFarlane 1972). It
was one hundred years after Lane's original observation that it became generally
understood that by transfusing whole blood one was temporarily replacing a missing
clotting factor in the recipient thus enabling his own blood to clot.

The aim of treatment would be to replace the deficient fraction in pure, small and
concentrated amounts.

As a result of the development of fractionation techniques, a plasma component which
corrected the clotting defect in haemophilic plasma in vitro had been isolated. This

was later assigned the name Factor VIII but was initially known as anti-haemophilic
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globulin (AHG). The development of the thromboplastin generation test in 1953
enabled the amount of AHG to be assayed which was an extremely important
development (Biggs & Douglas 1953). It then became possible to establish the amount
of AHG required to achieve a haemostatic response, how long this response would last
and also how much AHG was present in various preﬁarations.

Early therapeutic preparations were made from ox and pig blood in an attempt to
overcome the limited supply of human blood (Bidwell 1955a & b). However, these
animal products proved to be pyrogenic and antigenic and also induced
thrombocytopenia in some cases.

A major breakthrough in the development of therapeutic materials came with the

discovery of cryoprecipitate. When frozen plasma was thawed in the cold (4°C) the
cold insoluble precipitate recovered was found to contain 60-70 % of the plasma factor
VIII (Pool 1964). The separated plasma could be further fractionated into other
components and the cryoprecipitate used directly for treatment and also used as the
basis for further fractionation and purification techniques in the development of the
FVIII concentrates that are used today. |

The discovery of cryoprecipitate revolutionised haemophilia care. It was found to be
effective in controlling bleeding and it was prepared by a method available in many

blood banks and which was relatively simple (Pool & Shannon 1965). Disadvantages

were that it had to be stored frozen at -20°C or less and its reconstitution before use
was time consuming. Storage problems meant that it was unsuitable for home therapy.
The amount of factor VIII in each bag also varied making decisions about how much to
give difficult.

An advantage,however, which became apparent after the initiation of the use of multi-
donor concentrates was that a patient using cryoprecipitate was less likely to become
infected with blood borne viruses by virtue of the fact that they were receiving blood
products from fewer donors.

After cryoprecipitate, methods were developed for the large scale fractionation of

plasma to prepare freeze dried (Iyophilised) concentrates of factor VIII, which could be
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reconstituted into small volumes and were convenient to use not only in the hospital
setting but also for home therapy.

Different techniques were developed for fractionation using combinations of
cryoprecipitation and various precipitation methods with for example, ethanol,
polyethylene glycol and amino acids. Although. the benefits of the large pool
concentrates were enormous, it became apparent during the 1970's that haemophiliacs
were at high risk of becoming infected with hepatitis and later with HIV. Further steps
in the production process were added in an attempt to improve viral safety with
varying results. These have included heating concentrates in the dry state or in solution
and the addition of solvents or detergents.

Different preparation methods result in the development of concentrates of differing
purity. "Purity” is defined as specific activity or units of factor VIII per milligram of
total protein present in the concentrate. It is used as an index to divide concentrates
into three very broad categories. High purity concentrates have a specific activity
exceeding 0.5 iu/mg protein, intermediate purity products have a specific activity of
0.2-0.5 iw/mg protein and frozen or freeze dried cryoprecipitate 0.1-0.2 iu/mg protein.
It was found that purifying the concentrates by passing them through a
chromatography column lined with a monoclonal antibody with high affinity for factor
VIII, removed nearly all the extraneous unnecessary proteins and produced products of
extremely high specific activity (Addiego et al 1992). These monoclonally purified
high purity products became available in the late 1980s.

The yield of factor VIII from the original source plasma drops as further purification
stages are included in production.

A major factor determining which therapeutic material was received by a patient was
the limited supply of donated blood and the various products derived from it. In 1967
cryoprecipitate was introduced for treatment purposes and in 1973 freeze dried
intermediate purity concentrates were introduced. Since this time the demand for
concentrates has steadily increased. In 1973 5.5% of haemophiliacs were receiving

commercial concentrates(Biggs 1977). At this time, 60 million international units of
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FVIII were used in the United Kingdom to treat haemophilia and von Willebrand’s
disease and this had risen to 160 million units by 1994 (UK Haemophilia Centre
Directors Annual Returns 1994). In the 1970’s, however, the supply of plasma
obtained from British volunteer blood donors was limited and insufficient to cope with
the demand for treatment. Therefore, factor VIII conéentrates produced by commercial
companies in the USA were imported. The first commercial lyophilised concentrate
was licensed for use in the UK in 1973 and in that year 5% of British haemophiliacs
were being treated with imported commercial concentrates (Biggs 1977). The
development of home therapy programmes in the mid 1970's resulted in the increasing
use of commercial concentrates and a corresponding decline in cryoprecipitate use. By
1976, 20.7% of haemophiliacs were being treated with commercial concentrates and
this figure had increased to 60% by 1980 (Biggs & Spooner 1977, Rizza & Spooner
1983).The use of concentrates decreased slightly between 1982 and 1985 with the
discovery of the increased susceptibility of haemophiliacs to AIDS. Virucidal steps in
the production process were developed and the use of concentrates once again
increased.

As already mentioned the increased use of concentrates resulted in haemophiliacs
being exposed to very much larger numbers of donations. A single treatment of
cryoprecipitate usually exposed a patient to approximately 6 donors, whereas a batch
of the early British concentrate was prepared from 250-750 voluntary donations and
commercial products from the USA contained plasma from as many as 5000 paid
donors.

Physicians responsible for the care of haemophiliacs during the 1970's expressed
concern at the dependance on imported products (Biggs 1977) and that blood from
foreign, paid donors may be more likely to transmit infection. However, self-
sufficiency did not occur until, in the late 1980's there was a major government
investment in plasma fractionation and in 1990 73% of the 110 million units of FVIII
used in the UK was derived from plasma of unpaid British donors.

The definitive way of providing a product free from " human viral contamination " is
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to avoid blood donation altogether. The gene for factor VIII was cloned in 1984 (Toole
et al 1984) and following this, extensive work resulted in the production of a
recombinant factor VIII product which has been shown to be both theraputic and well
tolerated (Schwartz et al 1990).

The next major step for the future will be the d¢velopment of gene therapy enabling an
individual haemophiliac to produce his own factor VIII but as yet haemophiliacs
remain dependant on infusions.

It is important to note that there was one success in the search for a non plasma derived
treatment for haemophilia A. In 1977 it was shown that the intravenous administration
of 1- Deamino-8-D arginine vasopressin (DDAVP) to mild haemophiliacs resulted in a
significant short term increase in their factor VIII levels (Mannucci et al 1977) and this

surely reduced the exposure of some individuals to contaminated factor VIII products.

At the present time, severe haemophiliacs and some of those with slightly higher levels
of FVIII are treated with FVIII concentrates. The plasma concentration of FVIII
required for haemostasis ranges between 10 and 40 iu/dl. The half life of transfused
FVIII concentrate is between 8 and 12 hours and between 60 and 80% of the FVIII
transfused is recovered in the blood. Different plasma levels of FVIII are required for
different bleeds and clinical situations. A plasma level of 15 to 20 iu/dl is required for
minor haemarthroses and haematomas and 20 to 40 iu/dl for severe haemarthroses and
muscle haematomas. For major surgery levels of 80 to 100 iu/dl are required and it is
essential that in the case of a severe bleed or post surgery that plasma levels of FVIII

are maintained and are not allowed to become sub-therapeutic.

Calculating the dose of factor VIII

A dose of 1 international unit (iu) of Factor VIII per kg body weight results in an
increase of factor VIII concentration in the recipient's plasma of approximately 2iu of
factor VIII /dl. Hence having established what the clinical problem is and the factor

VIII level that is required the dose of factor VIII can be calculated from the simple
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formula:

Number of units required = weight (kg) x rise required (iu/dl)

2
The rise achieved by giving 1 iu/kg may be slightly higher or lower than 2, because of

the variation between patients. For an individual, transforming the above formula gives

rise to that individual's recovery constant or K, as in;

Rise observed (iu/dl) = K
Dose (iu/kg)

It is important to assess what an individual's response is to a given dose of factor VIII
by measuring the rise in factor VIII levels achieved. This does not need to be done
after every dose, but should be done where it is imperative that high levels are
achieved for example pre-operatively or if there is a very severe or life threatening
bleed.

The administration of FVIII must be combined with measures to ensure that a bleed
does minimal damage. This includes immobilisation and subsequent physiotherapy in
the case of a severe joint or muscle bleed and the education of both the child and his

parents concerning how to recognise bleeds and the importance of early treatment.

Home Therapy
As already mentioned the introduction of cryoprecipitate revolutionised the lives of
many haemophiliacs. A treatment became available that would prevent the
development of chronically damaged joints and a life of disability. However, as a result
of having a treatment available the number of hospital visits increased together with an
increasing amount of lost school and work time. It was also important to treat bleeds
early and time was wasted getting to the hospital. Training patients to treat themselves
at home would potentially lead to a better quality of life. The first home treament
programme was set up in 1960 by Dr. Holden in Fort Worth, Texas, using fresh frozen

plasma. With the introduction of lyophilised concentrates which were convenient to
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use the number of home therapy programmes rapidly increased.

Criteria for starting home therapy varies from centre to centre, but it is usually only
severely affected individuals who participate. Training can start while the child is still
young, when he and his parents can learn how to recognize bleeds and which bleeds
can be treated at home and which require hospital attendance. Ideally, both parents and
then the children are taught how to perform venepuncture. It is of vital importance that
patients on home therapy are kept under frequent outpatient review.

When home therapy was initially introduced the amount of FVIII used actually
increased over the initial twelve months but then again decreased towards levels used
before home therapy was started (Rizza, Biggs & Spooner 1978). The major
advantages of home therapy were that treatment could be given early and that there
was a major social and psychological benefit in that it resulted in much less disruption

to everyday life.

Haemophilia is a rare condition, requiring specialist management. It is important that
the administration of FVIII treatment is combined with counselling and education of
the patient and his family. In 1954, Haemophilia Centres were first set up by a Medical
Research Council committee. The role of these centres increased as treatment
possibilities expanded and today within the UK there are 23 Comprehensive Care
Haemophilia Centres and a further 109 smaller haemophilia centres (Ludlam 1998).
The Comprehensive Care Haemophilia Centres provide multidisciplinary care with
input from nurses, social services, physiotherapy and associated medical specialties,
for example orthopaedics and those involved in the management of hepatitis and HIV.
They also provide the facilities for carrier detection and genetic counselling. The
activities of these units are co-ordinated by the Haemophilia Centre Directors who are
responsible for the annual collection of statistics concerning the number of patients,
treatment used and treatment complications, along with the development of
management guidelines. All patients with coagulation disorders are registered with a

particular centre and their clinical progress and FVIII usage closely monitored.
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CHAPTER TWO

COMPLICATIONS OF HAEMOPHILIA TREATMENT WITH LARGE POOL
FACTOR CONCENTRATES
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The transmission of bloodborne viruses

An increased incidence of acute hepatitis in patients with haemophilia was reported
soon after the introduction of clotting factor concentrates (Kasper 1972).

Serological studies for markers of hepatitis B infection demonstrated that greater than
50% and in some studies up to 90% of treated haemophiliacs had developed hepatitis B
surface antibodies, indicating past exposure. 5-10% of these individuals were chronic
carriers of hepatitis B, in that they were hepatitis B surface antigen (HBsAg) positive
and were therefore infectious and;\t ilncreased risk for developing chronic liver
damage.

Since the introduction of screening blood donations for HBsAg, outbreaks of hepatitis
B have still been reported. A safe and effective vaccine against hepatitis B was
introduced in 1984 and this has further reduced the risk of infection. Vaccine should be
given to all newly diagnosed haemophiliacs prior to them receiving concentrates.
Hepatitis, in the absence of serological markers of hepatitis A or B, known as non-A
non-B hepatitis (NANBH) was found to occur in virtually 100% of patients receiving
concentrates for the first time (Fletcher et al 1983, Kernoff et al 1985). The reported
incidence of jaundice in haemophiliacs however, was only about 3% per year (Rizza &
Spooner 1983). In the majority of individuals infection was not associated with any
clinical signs or symptoms and was detected only by biochemical evidence of
abnormal liver function. The long term significance of this widespread infection with
both hepatitis B and particularly NANBH remained unclear.

During the late 1970's several units performed series of liver biopsies to assess the
incidence and severity of liver disease. A study from Italy (Mannucci et al 1982) found
the predominant lesion to be chronic persistent hepatitis (CPH) and little evidence of
progression over a three year period. However other studies including one from
Sheffield showed a significant progression of disease over a period of years from
chronic persistent hepatitis to chronic active hepatitis and cirrhosis (Hay et al 1985). A
significant number of haemophiliacs were presenting with serious and life-threatening

complications of chronic liver disease such as oesophageal varices (Miller et al 1988).
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It has become clear that liver disease is progressive in the haemophiliac population and

will remain a significant cause of morbidity and mortality in future years (Eyster et al

1992).

Hepatitis C

Up until 1989, no aetiological agent or serological test for NANBH existed. However,
in 1989 workers at the Chiron Corporation in California took large volumes of of
highly infective chimpanzee plasma, which had been produced from hepatitis
transmission experiments. From this they isolated a viral genomic clone encoding an
antigen which bound to antibody in the serum of patients with chronic NANBH. The
virus from which this clone was derived was named hepatitis C (HCV). The hepatitis C
antibody test was developed using the recombinant polypeptide derived from the clone
(Choo et al 1989, Kuo et al 1989).

Testing of blood from treated haemophiliacs who had biochemical evidence of
NANBH revealed a high proportion of anti-HCV seropositivity, a study in the UK
showing 59% of haemophiliacs exposed to concentrates were seropositive with 76% of
those with an annual factor VIII usage of greater than 10,000 units.(Makris 1990).

The frequency of HCV antibodies in blood donors varies throughout the world, being
0.05% in one study in the UK (Irving et al 1994), 0.36% in the USA (Murphy et al
1996) and 0.98% in Japan (Yamaguchi et al 1994). These relatively high prevalences
indicate why infection in haemophiliacs was so widespread; plasma pools contained
donations from 1000's of donors so it was extremely likely that a pool would contain
an infected donation.

HCYV antibody is not detected until an average of 15 weeks (4-32 weeks) after the onset
of hepatitis. Therefore HCV antibody assays will identify some but not all blood
donors infected with the virus. The relationship between serological status and
infectivity is not clear.

Not all patients treated with concentrates and with both biochemical and histological

evidence of liver disease were HCV antibody positive, although the majority of cases
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were. Retrospective testing on stored samples demonstrated in some cases loss of
antibody. Other explanations possibly include a failure to seroconvert in a virus antigen

positive individual or the possibility of a further infectious agent.

Human Immunodeficiency Virus

An acquired cellular immunodeficiency manifesting as Pneumocystis carinii
pneumonia occurring in previously healthy homosexual men was first described in
1981 (Centers for Disease Control 1981a & 1981b,Gottlieb et al 1981). Concern about
blood borne transmission of an infectious agent increased in 1982 when, following a
platelet transfusion a baby developed unexplained cellular immunodeficiency and
opportunistic infections, and the donor subsequently developed AIDS (Ammann et al
1983).

The first cases of AIDS occurring in haemophiliacs were reported in 1982 (Centers for
Disease Control 1982).

Following the early reports and extensive epidemiological work it became obvious that
there was an underlying infectious cause for the secondary immunodeficiency which
was assigned the acronym AIDS (acquired immune deficiency syndrome). Virological
studies showed conclusively that the virus was transmissable through blood cells and
plasma and was associated with an asymptomatic but contagious carrier state
(Groopman et al 1984). The discovery of the aetiological agent now known as the
human immunodeficiency virus (HIV) ( Barre-Sinoussi et al 1983, Gallo et al 1984)
subsequently led to the development of a serological test for HIV in 1984. HIV
antibody testing revealed that a large number of severe haemophiliacs treated with
large pool factor VIII concentrates between 1979 and 1984 had seroconverted to HIV.
By 1985 in the United Kingdom 44% of over 2000 haemophilia A patients were found
to be HIV antibody positive with 59% of those with severe disease seropositive (UK
Haemophilia Centre Directors 1986). Many individuals had also become severely
immunocompromsed and developed clinical AIDS, whereas others remained

asymptomatic although HIV seropositive.

30



As of June 2000 1351 (1339 men and 12 women) in the United Kingdom were known
to have become infected with HIV through treatment with clotting factor concentrates
(Communicable Disease Report 2000). 844 (62%) of these individuals have died.

It had been observed early on in the AIDS epidemic that progression to symptomatic
AIDS was slower in those who acquired the infection during childhood and
adolescence compared to those who became infected during adulthood (Goedert et al
1989). This is indeed the case for the cohort of haemophiliacs infected with HIV in the
United Kingdom. By the year 2000, only 9% of those infected when over the age of 40
are still alive, compared with 56% of those aged less than 20 when diagnosed.

When comparing the HIV infected haemophiliac population with individuals infected
by other routes there is an interesting difference in causes of death. Of the 844
individuals infected by blood products who have died, 242 (29%) did so without
having developed an AIDS defining condition whereas in other groups only 5% are
recorded as dying without having developed an AIDS defining condition. 181 of the
242 individuals who died had a recorded cause of death; 56 were liver disease, 41
cardiovascular disease and 38 cases of malignancy (Communicable Disease Report
2000). Liver disease, particularly hepatitis C is contributing significantly to morbidity
and mortality in the haemophiliac group. Individuals co-infected with HIV and HCV
have been shown to have more severe hepatic fibrosis and a higher frequency of
cirrhosis (Dieterich et al 1999), together with higher HCV RNA levels in those
infected with both HIV and HCV compared with those infected with HCV alone
(Eyster et al 1994).

This observation has been confirmed by long term follow up studies of individuals
treated with blood products before 1985, some of whom have both HIV and HCV
infection and others HCV infection alone. One such study of 310 patients followed for
twenty five years in a single haemophilia centre has shown a very bad outcome in
those infected with both HIV and HCV. In this group progression rates to death twenty
five years after exposure to HCV were 47% due to any cause and 19% due to liver

disease. However, for those infected with HCV alone liver disease progressed much
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more slowly, with only a 3% progression to a liver related death. Interestingly, four of
the six liver related deaths that occurred in HIV negative patients were associated with
an increased alcohol intake (Yee et al 2000).

The introduction of highly active combination anti-retroviral drug therapy (HAART)
for the treatment of HIV infection during the mid 1990’5 has been associated with a
decline in the number of deaths in all groups of individuals infected with HIV
including those through clotting factor concentrates. Considering again the cohort of
1351 individuals infected with HIV through blood products in the United Kingdom;
993 were known to be alive at the beginning of 1992. Of these 36% died in the ensuing
four years , whereas in the four years following 1996 after the introduction of treatment
only 19% of the remaining 637 died(Communicable Disease Report 2000). There is
much discussion as to the effect of HAART on hepatitis C infection. The use of certain
protease inhibitors may increase the risk of hepatotoxicity (Sulkowski et al 2000) and it
may well be that hepatitis occurs as a result of the restoration of anti HCV immune

responses (John et al 1998).

Immunological consequences of HIV infection

After seroconversion to HIV there is an asymptomatic period of variable length prior to
the development of symptoms. During this time there is a progressive development of
immune abnormalities resulting eventually in a profound immunosuppression.
Although the HIV virus is present at low titres in the peripheral blood during this
asymptomatic period it is found to be actively replicating in lymph nodes.

Infection with HIV results in a progressive decline in the number of circulating CD4
positive (T4) lymphocytes. The CD4 cell has been found to be the principal target of
HIV; the CD4 molecule present on the cell surface acting as a high affinity receptor for
the envelope glycoprotein (gp 120) of the virus (Klatzman et al 1984, Rosenberg and
Fauci 1989). Many CD4 cells are killed as a direct result of infection with HIV,
whereas others survive with a low level of chronic viral infection acting as a reservoir

for viral replication and further infection (Zagury et al 1986). HIV is also able to infect
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other cells which express the CD4 molecule on their surfaces. This includes cells of the
monocyte-macrophage line, which unlike the CD4 cells do not appear to be killed
directly by the virus but become chronically infected. A number of monocyte and
macrophage functions have been demonstrated as being compromised in HIV infection
including monocyte chemotaxis, monocyte dependant T cell proliferation and C3
receptor mediated clearance of red blood cells by tissue macrophages (Rosenberg and
Fauci 1989).

A large number of other cells have been infected with HIV in vitro and also in vivo,
including B cell lines, glial cells, cervical cells and bone marrow progenitor cells
(Rosenberg and Fauci 1989).

Infection and depletion of the CD4+ lymphocyte subpopulation, which has a pivotal
role in the induction of the immune response, results in profound immunosuppression
and the susceptibility of an individual to a wide range of opportunistic infections and

neoplasms.

The Development of Safer Factor Concentrates

Since it became apparent that recipients of large pool plasma concentrates were at an
extremely high risk of becoming infected with different viruses, huge efforts have been
made to render these products “safe”. Initial steps include donor selection and
exclusion of donors perceived as being “at risk” for carrying such infections. It is
commonly thought that the safest populations are the groups of volunteer donors who
receive no payment, however to. demonstrate that sometimes these perceptions are
sometimes mistaken, one study has shown that repeated donations from selected paid
donors are less likely to be contaminated by viruses (Taswell 1987).

Antibody screening tests of donations will also significantly reduce the risk of
infection, although not entirely because these will fail to detect infected donations
where the individual has not yet sero-converted; the so called “window period” in HIV

and HCV infections.
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Because infected donations will for several reasons therefore “slip through the net”
products need to be treated during the manufacturing process to attempt to eliminate
these viruses. The evaluation of the various treatment processes is done by means of
prospective studies of patients, who previously have received no blood products, such
as that group described in this thesis.

The various viral inactivation methods employed included heating in the dry state,
heating in solution, the addition of organic solvents and detergents or heating in the

presence of vapour.

In the early 1980’s heating to between 60° and 68° for various time periods between 24
and 72 hours was shown to be inadequate to eliminate both HIV (Williams et al 1990)
and hepatitis (Colombo et al 1985, Lush et al 1988).

Heating “wet” to 60 ° in the presence of the organic solvent n-heptane was found to
reduce but not to eliminate the risk of hepatitis (Kernoff et al 1987). Pasteurization
(heating in solution) has been shown in large studies of prospectively treated patients
not to have transmitted HIV or hepatitis B (Schimpf et al 1989, Kreuz et al 1992).
However cases of hepatitis have been reported in haemophiliacs treated with these
products although not within the context of prospective safety studies (Brackmann et al
1988, Schulman 1992). Whether these seroconversions were indeed related to the
product or not is not entirely clear but the reports raise sufficient concern that one must
always remain vigilant and that no product is 100% safe. The concentrates treated with
a combination of an organic solvent (tri n-butyl phosphate) and a detergent (sodium
cholate, Tween 80 or Triton X-100) have shown no seroconversions to hepatitis B or C
or to HIV in several large studies (Horowitz et al 1988, Di Paolantonio et al 1992) .
These viruses have a lipid envelope, rendering them susceptible to this treatment,
whereas non- enveloped viruses remain resistant as has been shown by the fact that
these products are capable of transmitting both parvovirus B19 (Azzi et al 1992) and

hepatitis A (Mannucci 1992).
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Although dramatic improvements have been made in the elimination of viruses, it is
important not to become complacent. The possibility of the emergence of a new virus

resistant to presently used treatment methods must always be born in mind.

Immune Modulation in Haemophilia

Large pool factor VIII concentrates have been considered as a potential cause of
abnormalities of immune function described in haemophiliacs in the absence of
infection with HIV.

A clinical observation made at the Birmingham Children's Hospital in 1981 gave rise
to concern that haemophiliacs were in some way immunocompromised (Beddall et al
1985).

An outbreak of tuberculosis occurred on a children's ward, where a child subsequently
found to have spinal tuberculosis, had been admitted. On screening contacts the child's
mother, who had been resident on the ward was found to have open pulmonary
tuberculosis and a number of patients had been exposed. The children admitted to this
ward included those with coagulation disorders, children with leukaemia and other
tumours and other children with a variety of general paediatric problems. Following
exposure, 10 out of 21 (48%) of the children who had been receiving cytotoxic
chemotherapy developed clinical tuberculosis, in comparison with 3 out of 75 (4%) of
the general paediatric patients who were exposed. Surprisingly, 6 of the 16 (38%)
boys with haemophilia who had been inpatients and had been treated with commercial
FVIII concentrates also developed evidence of infection with tuberculosis, implying
that their ability to handle pathogens was impaired in a comparable way to children
being treated with immunosuppressive chemotherapy. At that time HIV testing was
unavailable and the clinical syndrome subsequently known as AIDS was only first
being described. Testing of retrospective stored serum samples however, revealed that
only 2 of the 6 boys who contracted tuberculosis would have been HIV seropositive at

that time.
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With the onset of so called AIDS various groups of haemophiliacs were
immunologically investigated revealing a wide spectrum of abnormalities.

Reports in 1983 (Lederman et al 1983, Menitove et al 1983) described cases of men
with haemophilia A, who had been treated with large pool factor concentrates,
developing a spectrum of opportunistic infectioné. The pattern of disease closely
resembled the acquired immunodeficiency syndrome that had recently been described
in homosexual men and intravenous drug users. These haemophiliacs also had immune
abnormalities similar to these other groups including abnormal lymphocyte
subpopulations and reduced lymphocyte responses to mitogens.

Among the abnormalities described were a relative increase in the number of
circulating T suppressor (CD8 cells and a reduced number of T helper (CD4) relative
to the number of CDS cells; (the CD4/CDS8 ratio).

When a commercial assay became available to detect IgG antibodies to what was then
known as HTLV-III and is now HIV, it became possible to test the sera of all
haemophiliacs and to determine if they had been exposed to the virus. It then also
became possible to see whether seroconversion to HTLV-III correlated with the
development of abnormal immune parameters.

Shannon in 1986 looked at a population of paediatric haemophilia A patients and found
that lymphocyte subsets in children with haemophilia were similar regardless of their
seroconversion status. Of children who had been treated with commercial factor VIII
concentrates, there were some who had seroconverted to HTLV-III and some who had
remained seronegative. However, both groups had significantly higher numbers of
CD8 lymphocytes and significantly decreased CD4/CD8 ratios when compared with
age-matched non-transfused control children (Shannon et al 1986a & b).

In one study the degree of immunosuppression seen, reflected by reduced lymphocyte
responses to mitogens, appeared to be related to the amount of FVIII concentrate
received (Sullivan et al 1986). However, because those individuals who had
seroconverted to HIV were also those who tended to have received larger amounts of

concentrate, it was difficult to assess the relative contribution of the HIV infection and
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the treatment concentrates themselves to the development of the immune
abnormalities. Another study suggested that lymphocyte mitogen responses were
depressed to the same extent in both HIV positive and negative individuals. (Mabhir et
al 1988)

Evidence of dysregulation of the cellular immuﬁe response was increasing, and
abnormalities of the humoral response were also detectable. Total levels of IgG were
found to be significantly raised in large cohorts (Lee et al 1985, Moffat et al 1985), and
an Italian study demonstrated that peripheral blood mononuclear cells (PBMC) from
haemophiliacs when grown in culture had higher spontaneous production of IgG than
cells from controls. However, pokeweed mitogen induced IgG and IgM production by
PBMC was reduced in haemophiliacs when compared with controls, all implying that
there was some underlying dysregulation of B cell function and antibody production
(Biagiotti et al 1986).

Similar B cell abnormalities had been well described in patients with AIDS (Lane et al
1983) and in the Italian study of Biagotti the individuals who were HIV positive had
more marked abnormalities than the seronegative individuals. However the
seronegative haemophiliacs had significantly greater spontaneous IgG production than
controls suggesting a B cell abnormality independant of HIV infection.

Phenotypic and functional abnormalities of monocytes, including adherence ability and
chemotactic responses were also described in a group of haemophiliacs, three out of
fourteen of whom were HIV seronegative. No reference was made however, as to
whether the abnormalities were as severe or less so in the negative individuals (Roy et
al 1988).

It was therefore clear that there was widespread immune dysfunction occurring in
cohorts of haemophilia patients. It was very difficult however to evaluate the relative
contributions of the putative causes of the immune dysregulation. What was evident
however was that there were clearly defined abnormalities occurring in HIV

seronegative as well as seropositive individuals.
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A wide range of functional immune abnormalities having been described in patients
with haemophilia, attention focused on the possible immune-modulating effects of the
concentrates themselves. A number of studies showed that lymphocytes from normal
healthy donors had reduced proliferative responses to phytohaemagglutinin (PHA)
when cultured in vitro in the presence of a yariety of FVIII concentrates in a dose
dependant fashion (Lederman et al 1986). The reduced proliferative responses were
subsequently shown to be due to reduced production of interleukin-2 (IL-2) in vitro
(Thorpe et al 1989).

A number of defects in monocyte function were found to be induced in vitro by the
addition of concentrates including reduced Fc receptor expression, impaired antigen
presentation, bacterial killing and oxygen radical production (Eibl et al 1987,
Mannbhalter et al 1988). T lymphocyte function, dependant on monocytes such as PHA
proliferation may well have resulted from the down regulation of monocytes by FVIII
concentrates but it was also shown that monocyte independant lymphocyte function
was down regulated by FVIII concentrates (Hay et al 1990).

Similar findings were demonstrated in vivo, in that it was shown that monocyte
phagocytic function was significantly down regulated following infusion of two
different FVIII concentrates and also intravenous pooled immunoglobulin. (Pasi et al
1990). As treatment frequency was reduced the monocyte function returned to
baseline.

Having established that the immune modulating effects of FVIII concentrates were at
least in part independent of HIV infection, the question remained as to what was the
underlying cause.

Early studies (Lederman et al 1986) showed that the inhibitory effect was not solely
due to increasing protein concentration. These results were confirmed by later studies,
which showed that the inhibitory in vitro effect of various FVIII concentrates was
independent of product purity and was also not related to the mode of purification.
However, a large number of studies had clearly demonstrated that FVIII concentrates

were potent inhibitors of both lymphocyte proliferation and IL-2 secretion in vitro.
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Thorpe again showed that the degree of inhibition was unrelated to protein
concentration and that the inhibitory activity of various intermediate purity products
was extremely varied (Thorpe et al 1989).

Eibl looking at the inhibition of monocyte functions in vitro found by fractionation that
the immune-modulating activity was due to a high molecular weight fraction present
within the concentrates, which had no FVIII activity per se (Eibl et al 1987). This was
assumed to be immunoglobulin aggregates or immune complexes containing IgG. The
fractions containing IgG monomers had no inhibitory activity and polymeric IgG itself
had been shown to have similar down modulating effects on monocyte function
(Mannhalter 1988). The role of circulating immune complexes in down regulating the
early immune response in vivo had already been demonstrated in animal experiments.
Animals previously immunised with an antigen, when rechallenged with that antigen
and simultaneously exposed to an intracellular pathogen had dramatically reduced
resistance to that infection when compared to being exposed to the pathogen in the
absence of antigenic rechallenge (Virgin & Unanue 1984).

The down regulation of immune function in vitro was not confined to products of
intermediate purity (Wadhwa et al 1992). High purity products (although not those
manufactured by recombinant technology), had similar levels of inhibitory activity.
However, a significant proportion of the inhibitory activity of the high purity products
could be removed by dialysis suggesting that some of the stabilising solutions in these
products, such as citrate were responsible for the inhibition. One of the formulation
buffers used in both an intermediate and high purity product had strong inhibitory
activity when used alone (Wadhwa et al 1992).

Some inhibitory activity remained in the high purity products following dialysis, and in
the intermediate purity products dialysis had little effect on reducing the inhibition.
The residual inhibition was again found to be due to a component of the high
molecular weight fraction, of around 200 KDs. Fibrinogen and fibronectin are present

in large amounts in this fraction but they are unlikely to be the inhibitory component as
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in vitro experiments in the presence of purified fibrinogen and fibronectin do not
demonstrate any down regulation.

The concentrates inhibit at an early stage of the immune response and it has also been
demonstrated that cells re-acquire their ability to respond if the FVIII concentrate is
removed from the system (Wadhwa et al _1992). This implies that the way the
concentrates function is not simply by "blocking” cell surface receptors and also that
the "inhibitory component” is not adsorbed into the cell rendering it down regulated
when it meets the mitogen. This is an important observation when considering the wide
range of immune abnormalities described in haemophiliacs. The in vitro experiments
are an extrapolation of what occurs in vivo at the time of an infusion of concentrate. It
has been documented that cessation of infusions results in a return of immune function
to baseline normality (Pasi et al 1990).

Some of the later in vitro studies made direct comparisons of different factor VIII
concentrates including BPL 8Y (Thorpe et al 1989, Pasi et al 1990 & Wadhwa et al
1992). Six different concentrates were shown by Thorpe to inhibit IL-2 secretion by
between 8 and 97%. The wet heated products (both pasteurised and treated with a
solvent-detergent method) were most inhibitory with the dry heated products less so.
In this study the identity of the products were not stated but our group has been
informed that BPL 8Y demonstrated 32% inhibition (R. Thorpe, personal
communication). These results were later confirmed by Wadhwa’s study, where BPL
8Y showed 25% inhibition of IL-2 secretion. Again the wet treated products were more
inhibitory but it is interesting to note that another product also heated at 80°C for 72
hours (produced by the Scottish National Blood Transfusion Service) showed 82%
inhibition.

In vitro monocyte function was also down regulated by BPL 8Y, the degree of
inhibition being comparable to that seen with pasteurised and solvent detergent treated
products (Pasi et al 1990). These studies highlight the relevance of in vivo studies of

individuals exposed to BPL 8Y.
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The question remains as to what is the cause of the chronic immune abnormalities
described in the various cohorts. It has been postulated that repeated exposures to the
large alloantigen load and possibly the high molecular weight "inhibitory component"
in particular results in an increasing burden on the reticulo-endothelial system and
results in the chronic immune abnormalities (Schulman 1991).

Madhok repeated the observation that intermediate purity concentrates down regulated
IL-2 secretion and lymphocyte proliferation, whereas a high purity monoclonally
purified concentrate did not have an inhibitory effect. However the peripheral blood
mononuclear cells (PBMC) of previously treated haemophiliacs had increased IL-2
production in the presence of the high purity concentrate, an effect that was not seen in
cultures of PBMCs from normal donors. This suggested the presence of a clone of T
cells primed to factor VIII, or to a component in the concentrate, as a result of repeated
exposure (Madhok et al 1991). BPL 8Y itself contains the substances which have been
proposed as being responsible for the immune down-regulation. These include
fibrinogen and fibronectin, which are present albeit in lower concentrations than other
intermediate purity products due to the purification process (Winkelman et al 1989).
There are also measurable levels of immunoglobulin and therefore the potential for the
development of immune complexes.

Attention later focused on the presence in concentrates of the cytokine transforming
growth factor (TGF-B). This comprises a family of multifunctional peptides that
regulate cellular growth and differentiation. Looking at the range of effects of
concentrates on cytokine activity, it was proposed that the pattern was reminiscent of
that produced by TGF-8 (Wadhwa et al 1994). BPL 8Y, together with other
intermediate purity and ion-exchange purified products were shown to contain active
TGF-B, whereas concentrates purified by immunoaffinity and recombinant techniques
contained none (Pearson et al 1999). There was also a broad correlation between levels
of active TGF-8 and the ability of concentrates to inhibit lymphocyte proliferation or

JL-2 secretion.
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BPL 8Y was demonstrated as down regulating IL-5 induced proliferation of TF-1 cells
(a human erythroleukaemic cell line) in a manner similar to TGF-8 and the response
was reversed by the addition of a monoclonal antibody to TGF-8. However, the
inhibitory effects of other concentrates were only partially or not at all reversed by the
addition of specific antibody (Wadhwa et al 1994). In addition, in the later study the
addition of TGF-8 antibody did not reverse the effect on lymphocyte proliferation at all
by all products including BPL 8Y implying that other substances must be responsible
(Pearson et al 1999). This study also showed that there were large discrepancies in the
relative potencies of purified TGF- and coagulation factors in different bioassays.

It remains unclear what might be responsible for the immune modulating effects seen
in vitro produced by BPL 8Y and other concentrates.

The role of possible immune modulators present within the concentrates has been
extensively investigated, without as yet a clear answer. As a result of repeated
exposures to concentrates however, patients with haemophilia are also exposed to, and
become infected by a number of viruses.

Immune abnormalities have been described in a number of acute and chronic viral
infections (White & Lesesne 1983). Abnormal lymphocyte subpopulations and reduced
response to mitogens have been described in both cytomegalovirus and hepatitis B
infections, with the abnormalities persisting in those developing chronic active
hepatitis (Carney et al 1981, Carella et al 1982, Thomas 1981). It could be postulated
therefore that repeated exposure to hepatitis viruses, and maybe others may lead to

more permanent immune abnormalities.

42



CHAPTER THREE

STRATEGY OF CLINICAL STUDY AND PURPOSES OF THE PROJECT
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As described in the previous chapter the major complication of the treatment of
haemophilia with large pool FVIII concentrates has been the transmission of viral
infections, particularly HIV, hepatitis B and non-A non-B hepatitis. It also became
apparent that there was evidence of immune abnormalities in haemophiliacs even in
the absence of HIV infection. There was also some clinical evidence of a
predisposition to infection (Beddall et al 1985) and the possibility of a greater
susceptibility to malignancy (Schulman 1991), related to underlying immune-
dysregulation.

Although of course HIV was and remains the major cause of immunosuppression, the
relative contributions of other potential causes remained unclear.

The groups of patients in whom immune abnormalities had been described would have
received a variety of concentrates and cryoprecipitate, the concentrates having been of
differing purities and prepared by a number of different methods, as different virus
inactivation strategies were introduced. Although many of the studies showed that the
immune abnormalities appeared to be more severe in the patients who had received
larger amounts of concentrate, the actual concentrates received were seldom mentioned
and it was not evident as to whether the patients were infected with other viruses in the
absence of HIV. The question remained, were other viral infections or some additional
component of the concentrate responsible for the immune dysregulation?

Was the effect a result of repeated concentrate infusions and repeated and chronic viral
infections, only becoming apparent after a long period of treatment, or would the
abnormalities appear early on in treatment, giving rise to concern about the effect of
immunosuppression on the developing immune system.

A further question was the clinical relevance of the increasing reports of the in vitro
experiments showing that a variety of factor VIII products could down regulate the
function of both lymphocytes and monocytes from normal donors. (Lederman et al
1986, Eibl et al 1987). Whether this short term down regulation early in the immune
response was relevant to the clinical situation and had a contributing role to the more

chronic immune abnormalities remained to be elucidated.
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The first aim of this study was therefore to establish a cohort of patients with
haemophilia A and to treat them with only one factor VIII concentrate. The product to
be studied, BPL 8Y was prepared from British blood donations which were screened

for both HIV antibodies and hepatitis B surface antigen. The manufacturing process

included dry heating at 80°C for 72 hours. This product was introduced in 1985, when
the first patients included in this study were enrolled. They were to be followed up
extremely closely to detect any evidence of viral infection, including HIV, hepatitis B
and non A non B hepatitis by monitoring liver function tests. In 1984 the International
Committee on Thrombosis and Hemostasis (ISTH) had drawn up recommendations for
uniform criteria for the design and conduction of safety studies of new concentrates
used in the treatment of haemophilia (Schimpf et al 1987). These guidelines were
updated in 1989 (Mannucci & Colombo 1989). As will be described later in this thesis
it was difficult to adhere to the strict guidelines for testing in the early phase of this
study. These problems were largely overcome by the recruitment of research fellows,

dedicated to the running of the haemophilia service and the coordination of follow up.

During the course of the safety study, in 1989, it became apparent that this group of
boys was remaining free of significant viral infections, unlike any historical groups.
This provided an opportunity therefore, to follow the group prospectively as regards
immune function. The aims were to determine firstly, whether the previously described
immune abnormalities occurred in a virus free population and secondly, if they did
occur what was the relation of the immune dysfunction to concentrate treatment in
terms of amount and the time interval since treatment received.

It was initially planned to prospectively monitor the T lymphocyte subsets, which was
started in 1989 and continued through to 1995, together with regular immunoglobulin
measurements.

During 1990 and 1991 the lymphocyte proliferation and monocyte function of the

patients was also assessed and investigated in relation to the treatment received.
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The cohort would be followed in parallel with two other groups, one a group of HIV
infected haemophiliac boys and a second most important control group, who had
received a variety of concentrates and cryoprecipitate in the past, but had remained
HIV negative. This second group were comparable to the previous HIV negative
cohorts where immune abnormalities had been »described.

One obvious problem conducting long term prospective studies in children requiring
blood tests will be compliance. This problem will be addressed. Another is the
interpretation of results in that the immune system of children develops and established
‘normal ranges’ of immune parameters do not apply. This was a particular problem
when it came to analysing the T lymphocyte subset results. It had to be determined

whether any changes were occurring independent of ‘normal’ age- related changes.

In summary, the purposes of the project were firstly, to establish a cohort of boys with
haemophilia A, treated with a single factor VIII concentrate, to ensure they remained
free of significant bloodborne viral infection, and secondly, to investigate whether

these boys would develop evidence of immune dysfunction.
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CHAPTER FOUR

PATIENTS
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The patients enrolled in the following studies were all boys with haemophilia A who
were attending the regional haemophilia centre at the Children's Hospital, Birmingham.
For the purposes of the studies the boys were divided into three groups. Informed

parental consent was gained before the boys were studied.

Group 1

Group 1 consisted of 25 boys with haemophilia A (patient numbers 1 to 25). The
baseline clinical details of these boys are described in table 4.1. These boys were
recruited between July 1985 and August 1990. They were all treated with a single
commercial factor VIII concentrate, BPL 8Y produced by the Bioproducts Laboratory,
Elstree UK.

All boys were immunised against hepatitis B receiving at least the first dose prior to
the first infusion of FVIII concentrate.

Of these boys, eighteen were classified as being severe haemophiliacs on the basis of
laboratory factor VIII levels (<0.02u/ml). three were moderate (= 0.02 and < 0.05u/ml)
and four mild (>0.05u/ml). They received their first dose of treatment between the ages

of 1 and 108 months.

Group 2

Group 2 consisted of twenty one boys with haemophilia A (patient numbers 26 to 46),
who had been treated with both cryoprecipitate and a variety of FVIII concentrates,
both heated and unheated. Clinical details are described in table 4.2 and viral status in
table 4.3.All twenty one boys remained HIV seronegative on regular three monthly
testing. Six boys had evidence of previous infection with hepatitis B and fourteen were
found to be hepatitis C seropositive once testing was introduced. It is possible that the
seven who were tested HCV negative, had also been infected at one time and had since
lost antibody.

All the boys in this group were receiving BPL 8Y and had been doing so since 1988.
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Group 3

Group 3 consisted of twenty four boys (patient numbers 47 to 70), who were HIV
seropositive. They had all been treated with a variety of FVIII concentrates prior to
1985. Clinical details, including date of seroconversion to HIV and CDC status are as
in tables 4.4, 4.5 and 4.6. All had serological ¢vidence of infection with both hepatitis
B and C, four of them remaining hepatitis B surface antigen positive. The stage of HIV
disease is classified according to the classification system used at that time (WHO
1986). Fourteen patients were asymptomatic (stage II), seven had generalised

lymphadenopathy and three had clinical diagnoses consistent with clinical AIDS.

Controls

This group consisted of healthy volunteers, both children and young adults at low risk
for both HIV infection and NANBH infection. Serological testing for viral infections
was not performed on the control subjects. It was necessary to include young adults in
certain control groups because of the difficulty in obtaining blood samples from
healthy age-matched children.

During the course of the study certain immunological assays were performed and
comparisons were made between the three patient groups and the controls. It is clear
that the patient groups differ not only in respect to the viral infections they have
acquired. They have all been treated with different blood products and very
importantly at the time the assays were carried out they were of different ages. In an
ideal study immunological comparisons would be made between the groups of boys
when they were of the same age and at the same time points starting treatment.
However in this study this was not possible as no historical immunological data was
available on the groups two and three.

Both T cell subsets and serum immunoglobulins change during childhood and age was
taken into account when looking at the results of the group one patients.

There i1s no published data as to whether age has an effect on the lymphocyte and

monocyte responses described here. In an attempt to look at whether there was an age
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related effect in the functional immunological assays all the data from the control
groups was analysed for any relation to age prior to making any comparisons with the

study groups. Ideally however an age matched healthy control group should have been

used.
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patient date of factor presentation date of | age al first reason for first
number birth VIII level first treatment treatment
treatment | (months)
1 14.6.84 0.00u/ml finger bleed 19.7.85 13 finger bleed
2 8.12.84 | 0.00u/ml | leftknee bleed | 28.12.85 12 left knee bleed
3 15.4.85 | 0.00u/ml head injury 3.1.86 9 head injury
4 26.7.84 | 0.00u/ml | buttock bleed | 20.1.86 18 buttock bleed
5 6985 0.00u/ml Arm muscle 31.5.86 8 Arm muscle bleed
bleed
6 20.9.85 0.01u/ml cord blood 6.6.86 9 Cut ear
7 25.7.83 | 0.00u/ml |  cord blood 1.9.86 38 cover for hepatitis B
vaccine
8 20.6.86 0.00u/m] cord blood 28.9.86 3 hand injury
9 251177 | 0.08u/ml 1.12.86 | 108 surgery- toe nail
avulsion
10 9.10.85 0.00u/ml | right knee bleed | 27.1.87 15 right knee bleed
11 30.7.86 | 0.00u/ml |  cord blood 4287 7 cover for hepatitis B
vaccine
12 28.4.85 | 0.00u/m | Tightanklebleed | ¢ 5 g7 2 right ankle bleed
13 22.11.80 | 0.10u/ml | motherknown | 54 3 g7 76 head injury
carrier
14 19.11.85 0.00u/ml mouth bleed 12.4.87 17 mouth bleed
15 18.9.87 | 0.00wml | cordblood | 5.10.87 ] bleeding umbilicus
16 16.11.82 | 0.20u/m1 | motherknown | ¢ 5gg 66 Dental treatment
carrier
17 17.5.86 | 0.04w/mi | motherknown | ;g9 g9 40 chin injury
carrier
18 20.8.86 0.01u/m] | severe bruising | 8.10.89 38 left thigh bleed
19 19.11.88 0.00u/ml torn frenulum | 18.10.89 11 torn frenulum
20 2.683 | 0.08wml | motherknown |54 1 g9 80 tonsillectomy
carrier
21 10.9.87 | 0.00u/ml bruising 221189 | 26 Abdominal muscle
bleed
22 11.12.88 0.02u/m] cord blood 16.1.90 13 head injury
23 16.4.88 | 0.00wmi | motherknown | 543 gq 23 head injury
carrier
24 28.12.83 | 0.01wm) | brotherknown | 4754 77 right ankle bleed
haemophiliac
25 14489 | 0.02u/ml | motherknown | ¢ gq 16 cut lip

carrier

Table 4.1: Clinical details of group 1 boys — those treated solely with BPL 8Y
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patient number

date of birth

factor VIII level

date of diagnosis

date of first

treatment
26 28-11-80 0.00u/ml 1987 1987
27 1-12-81 0.00u/ml - 1982 1983
28 6-6-82 0.01u/ml 1983 1983
29 30-12-76 0.02u/ml 1977 1983
30 31-12-81 0.01u/ml 1983 1985
31 17-8-82 0.00u/m] 1983 1985
32 5-11-82 0.00u/m} 1983 1985
33 22-8-82 0.00u/ml 1982 1982
34 2-6-74 0.06u/ml 1977 1978
35 13-7-76 0.08u/ml 1978 1979
36 27-9-75 0.02u/ml 1977 1979
37 4-11-74 0.03u/ml 1977 1982
38 3-7-80 0.01u/ml 1981 1982
39 30-5-75 0.17u/m] 1979 1980
40 14-2-81 0.01u/ml 1981 1982
41 15-1-83 0.01u/ml] 1983 1983
42 30-6-76 0.08u/m] 1978 1983
43 13-7-76 0.04u/ml 1976 1978
44 26-2-75 0.10u/ml 1979 1979
45 13-5-71 0.14u/m] 1977 1986
46 7-6-74 0.00u/ml 1979 1980

Table 4.2: Clinical details of Group 2 boys
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patient number

HIV antibody status

hepatitis B status

hepatitis C antibody

status

26 NEG Vaccinated POS
27 NEG Vaccinated _POS
28 NEG Vaccinated NEG
29 NEG Vaccinated NEG
30 NEG Vaccinated NEG
31 NEG HBcAb POS POS
32 NEG HBsAb POS POS
33 NEG Vaccinated POS
34 NEG Vaccinated NEG
35 NEG Vaccinated POS
36 NEG HbsAb POS POS
37 NEG HBsAb POS POS
38 NEG Vaccinated POS
39 NEG Vaccinated NEG
40 NEG HBcAb POS POS
41 NEG HBsAb POS POS
42 NEG Vaccinated POS
43 NEG Vaccinated POS
44 NEG HBsAg POS NEG
45 NEG Vaccinated NEG
46 NEG HBcAb POS POS

Table 4.3: Virological status of Group 2 boys.

Note: HbsAb and HbcAb denote naturally acquired infection and seroconversion.
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patient number date of birth factor VIII level | date of diagnosis date of first
treatment
47 1-1-77 0.00u/ml 1977 1978
48 13-3-80 0.01u/ml 1981 1981
49 14-3-82 0.00u/ml 1983 1983
50 20-3-77 0.00u/ml 1978 1978
51 17-11-80 0.01u/mi 1981 1981
52 11-4-75 0.04u/m] 1976 1979
53 21-8-72 0.00u/ml 1973 1978
54 1-5-80 0.01u/ml 1980 1980
55 14-12-74 0.05u/ml 1975 1978
56 30-12-75 0.02u/ml 1976 1980
57 14-4-72 0.00u/ml] 1972 1974
58 6-12-76 0.00u/ml| 1977 1978
59 18-9-75 0.00u/ml 1976 1978
60 3-5-78 0.00u/ml 1978 1978
61 24-7-72 0.00u/ml 1972 1978
62 2-10-78 0.00u/ml 1978 1978
63 27-11-75 0.00u/ml 1975 1978
64 19-8-75 0.00u/ml 1975 1978
65 27-3-80 0.00u/ml 1980 1981
66 5-4-72 0.00u/ml 1972 1976
67 30-9-77 0.00u/ml 1978 1978
68 11-3-73 0.00u/ml 1977 1978
69 24-1-71 0.00u/ml 1971 1974
70 27-3-69 0.02u/m] 1976 1977

Table 4.4: Clinical details of group 3 boys.
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patient number HIV antibody status | Hepatitis B status | Hepatitis C antibody

status
47 POS HBcAb POS POS
48 POS HBcAb POS POS
49 POS | HBsAb POS POS
50 POS HBcAb POS POS
51 POS HBcAb POS POS
52 POS HBsAg POS POS
53 POS HBcAb POS POS
54 POS HBcAb POS POS
55 POS HBsAg POS POS
56 POS HBcAb POS POS
57 POS HBcAb POS POS
58 POS HBcAb POS POS
59 POS HBsAg POS POS
60 POS HBcAb POS POS
61 POS HBcAb POS POS
62 POS HBcAb POS POS
63 POS HBcAb POS POS
64 POS HBcAb POS POS
65 POS HBsAg POS POS
66 POS HBcAb POS POS
67 POS HBcAb POS POS
68 POS HBcAb POS POS
69 POS HBcAb POS POS
70 POS HBsAb POS POS

Table 4.5: Virological status of group 3 boys.
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patient date Ist serocon- CDC stage CDC stage at | changein date date of
number HIV-ab version at start of end of study | CDC stage AZT death
positive accuracy study started
47 6/83 unknown IVE IVE 5/89
48 6/83 2 years 111 I
49 4/84 unknown 11 I
50 6/83 3 years 11 | 1l 7/90
51 4/84 8 months 111 111
52 4/84 3 months 11 IVE 6/90
53 6/83 4 years 1I 1I
54 10/86 2 months 111 I
55 4/86 3 months IVE IVE 11/89
56 12/82 1 month 1I IVE 10/89 7/90
57 1/82 2 years IvVC IvC 10/87 11/90
58 11/83 5 months 11 IVE 1/90
59 11/82 unknown 1I 11 3/91
60 10/86 3 months I 11
61 6/83 1 year 1T vC2 1/89
62 4/84 3 months n 111
63 6/83 unknown I I
64 6/83 3 years 11 11
65 4/84 unknown 111 181 9/90
66 11/83 3 months 1I 11
67 4/84 1 year 11T 111
68 6/83 4 months 11 IVD 5/89 5/89 7/89
69 11/83 4 months I 11
70 12/83 4 months I 11

Table 4.6: Group 3 — details of HIV infection. Note: Seroconversion accuracy denotes availability of last
HIV negative sample.
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CHAPTER FIVE

METHODOLOGY

57



Routine Testing

General Haematology and Coagulation

Haemoglobin estimation, total and differential white cell and platelet counts were
made on venous blood samples anticoagulated Wifh Ethylene Diamine Tetra acetic
Acid (EDTA) using a Coulter S Plus Automated Counter.

Age related normal ranges were obtained from Nelson’s Textbook of Pediatrics (WB
Saunders & Co.)

VIII:C was measured using a modified two stage assay (Diagnostic Reagents Ltd, UK)

based on the thromboplastin generation test (Denson 1966).

Screening Test for Factor VIII inhibitors

The principle of this test is that if normal plasma is mixed with an equal volume of
patient plasma containing an inhibitor to factor VIII, the APTT will be significantly
prolonged during the incubation phase. The reaction between the coagulation factors
and its inhibitor is both time and potency dependent. A minimum incubation time of
one hour at 37°C is necessary for the detection of weak inhibitors.

Citrated plasma is required for the assay.

1.The following are incubated at 37°C for 60 minutes:

450 pl of test plasma

450 pl of normal plasma (Sigma Diagnostics)

150 pl test plasma and 150 pl normal plasma together MIXTURE INCUBATED)

2. At sixty minutes a mixture of the incubated test and control plasmas is prepared
using 150ul of each. (MIXTURE STAT)
3. A PTT (partial thromboplastin time) is performed on the following:

a. The original 50:50 mixture (MIXTURE INCUBATED)

b. The freshly prepared 50:50 mixture (MIXTURE STAT)

c. The incubated control plasma
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d. The incubated test plasma

A difference of greater than four seconds between the MIXTURE STAT and the
MIXTURE INCUBATED indicates the presence of an inhibitor. A very high
concentration of inhibitor is present if both the MIXTURE STAT and the MIXTURE

INCUBATED give a prolonged APTT.

If an inhibitor screening test was found to be positive then a confirmatory assay using
the Bethesda method described below would be performed.
Measurement of factor VIII:C inhibitors; Bethesda Method (Kasper et al 1975)
The principle of this test is that normal plasma is added to dilutions of test plasma and
incubated at 37°C for two hours. As factor VIIL:C inhibitors are time dependent, the
added factor VIII:C from the normal plasma will be progressively neutralised. If the
concentration of the added factor VIII:C (normal plasma) and the incubation time is
standardised, the strength of the inhibitor may be defined in units according to the
amount of factor VIII:C neutralised. A Bethesda Unit is defined as that which will
destroy 50% of factor VIIL:C in 2 hours at 37°C.

The following procedure is carried out.

1. Doubling dilutions of the test plasma are prepared in 200ul volumes using Owren’s
buffer.

2. 200ul of Owren’s buffer is pipetted into a separate tube as the control.

3. 200pl of normal plasma (Sigma Diagnostics) is added to all tubes including the
control. These are capped mixed and incubated at 37°C for two hours.

4. After two hours incubation a one stage factor VIII assay is carried out using the
Sysmex CA1500 on all the incubation mixtures. The control tube is used as the
100% (1u/ml) factor VIII:C reference plasma.

5. An MDA analysis is performed for the control tube to obtain a reference curve and

single point analysis on each of the test dilutions.
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6. The dilution of test plasma that gives a residual factor VIII:C nearest to 50%
(0.5u/ml) but within the range of 30-60% (0.3-0.6u/ml) is chosen for the
calculation of the inhibitor.

7. From the standard graph of residual factor VIII:C vs inhibitor units (log/log graph
paper), the inhibitor level corresponding to the résidual factor VIIL:C for the chosen
test dilution with the residual factor VHI:C nearest to 50% is read off. The inhibitor
value form the graph is mulitiplied by the test dilution to give the final Bethesda

inhibitor value (U/ml).

If the assay is being performed on a patient with either residual factor VIII levels either
from treatment or if they are mild or moderate, this must be removed prior to the assay.
This is done by incubating the plasma at 56° for 30 minutes which will destroy the
factor VIII in the specimen. 100ul of aluminium hydroxide suspension is added to
900ul of the heated plasma, which removes any other factors precipitated at 56°. The

supernatant plasma can be removed and then the inhibitor assay performed.

Liver Function Tests

Serum alanine aminotransferase (ALT), bilirubin and alkaline phosphatase were
measured using standard laboratory methods by the department of Clinical Chemistry,
Birmingham Children’'s Hospital, using a COBAS BIO centrifugal analyzer.

(Normal ranges used at this hospital; ALT <40 iu/], alkaline phosphatase 250-750 1u/]

and total bilirubin 0-15 pmol/l).

Immunoglobulins

Total IgG, IgA and IgM were measured on serum samples by a routine nephelometric
technique by the Department of Immunology, East Birmingham Hospital.

Age related normal ranges were produced by the Department of Clinical Immunology

at Birmingham University Medical School. (See appendix 10.1).
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Virology

anti-HIV antibody:

This was measured by a particle agglutination test (Serodia-HIV, Fujirebio Inc, Japan)
according to the manufacturer's instructions by the Department of Virology,

Birmingham Children's Hospital.

"Hepatitis B serology:
This was carried out at the Department of Virology, East Birmingham Hospital.
Hepatitis B surface antigen and antibody were detected using a radioimmunoassay

(RIA) (BioProducts Laboratory).

Hepatitis C serology:

Dr. S. Skidmore at the Department of Virology, East Birmingham Hospital, carried out
all the hepatitis C antibody assays.

The first generation assay, an ELISA, used plates where the wells were coated with a
non-structural recombinant hepatitis C viral protein, C-100 (Ortho Diagnostics, UK).
The second generation assays used antigens from the nucleocapsid and other non-
structural proteins (Wellcome Diagnostics, Beckenham, UK). The results of all the

first generation assays were confirmed by the second generation tests.
Cellular Studies

Media

RPMI 1640 (Gibco Ltd, UK), with penicillin 200u/ml (Britannia Pharmaceuticals Ltd,
UK), streptomycin 100u/ml (Evans Medical Ltd, UK) and glutamine (2mM) (Gibco
Ltd) was used in all instances and will be referred to as RPMI 1640 unless otherwise
stated. Heat inactivated human serum was prepared from healthy volunteer donors who
were known to be blood group A Rh(D) Positive. 100ml of blood was taken into a

sterile bottle containing glass beads and defibrinated by gentle inversion for at least 10
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minutes. The defibrinated blood was drawn from the beads and centrifuged at 3000
rpm for 10 minutes. Serum was then removed and heated at 56°C for 30 minutes to
heat inactivate complement. Sterile aliquots of heat inactivated serum were frozen at -
20°C until use. The same donor serum was used for all monocyte antigen presentation

assays.

Preparation of peripheral blood mononuclear cells

Peripheral blood mononuclear cells (PBMCs) were isolated from anticoagulated whole
blood by density gradient centrifugation on Ficoll Hypaque (Lymphoprep, Nygaard
Ltd, UK). Buffy coats (prepared from centrifuged whole blood at 3000rpm for 10
minutes) or whole blood, were diluted in RPMI 1640, and layered over Ficoll Hypaque
and spun at 400g for 25 minutes at room temperature. The PBMCs were then removed

from the interface and washed three times in RPMI 1640.
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T lymphocyte subsets

Manual method:

T lymphocyte subsets were identified by indirect immunofluorescence using fluoresene
isothiocyanate conjugated (FITC) rabbit anti mouse immunoglobulin (Williams et al
1988). |

Venepuncture was performed on patients between 9 and 11am, (prior to the infusion
of concentrate). 10mls of blood was taken directly into lithium heparin containers.
PBMCs were separated as described above on the same day, resuspended in PBSAA
(0.1% sodium azide/PBS/1% bovine serum albumin) and incubated with a 1/25
dilution of each monoclonal antibody.

The monoclonal antibodies used throughout the study were CD11 (pan T lympho-
cytes), CD4 (includes T helper lymphocytes) and CDS (includes T suppressor lympho-
cytes), (Coulter Electronics Ltd, UK)

The monoclonal antibodies were stored at -20°C in plastic torpedo tubes. Before use
they were diluted with 150 pl of PBSAA. 50 pl of cell suspension was added to each
torpedo tube. The cell suspension and monoclonal antibodies were mixed well and left
at room temperature for 15 minutes, being agitated twice during this period. The cells
were then washed three times with PBSAA and after the final wash the supernatant
was completely removed and the cell pellet resuspended in 200 pl of rabbit anti-mouse
immunoglobulin -FITC (Dako Ltd, UK; diluted 1/20 with PBSAA). The samples were
agitated and left at room temperature as before for 15 minutes. The washing procedure
with PBSAA was repeated three times, leaving 100ul of PBSAA on the pellet after the
final wash. One drop of 8% formalin was added to each tube to prevent clumping and
the pellet resuspended. One drop of cell suspension was placed on a glass slide,
covered with a glass slip and examined immediately, using a Leitz Ploem fluorescent
(mercury vapour) microscope system. 200 cells were counted and the percentage
showing fluorescence determined. Having determined the percentage of lymphocytes

expressing the cell surface markers, the absolute T cell subset counts were calculated
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using the absolute lymphocyte count measured on a simultaneous full blood count.

The T4:T8 ratio was then obtained from these absolute counts.

FACSCAN Method:

Flow cytometric analysis was introduced in August 1989 and performed by the
Department of Immunology, East Birmingham Hospital. This method used two colour
combinations of fluorescent labelled monoclonal antibodies to label T cells in whole
blood. After labelling, a hypotonic lysing buffer was added to lyse red cells whilst
leaving white cells intact. These were then fixed and analysed on a fluorescence
activated counter, gated to lymphocytes.

Briefly, samples of 2mls EDTA anticoagulated whole blood were drawn before 10am
and transported at ambient temperature to East Birmingham Hospital within 2 hours. A
sample was also taken from a normal donor to control for transport conditions.

100pl EDTA anticoagulated whole blood was incubated with CD3, CD4 and CD8
monoclonal antibodies at room temperature for 10 minutes in reduced light (in
combinations CD3-CD4 and CD3-CD8). CD3 and CD4/CD8 were labelled with
differing fluorochromes. 2ml of FACSlyse (Becton Dickinson Ltd, UK) was added to
each tube and incubated for a further 10 minutes at room temperature. Tubes were then
centrifuged at 675rpm for 5 minutes and the supernatant discarded. Cells were
resuspended in 2ml PBS and 0.5ml 2% formaldehyde. Cell suspensions were then
analysed on a Becton-Dickinson FACScan. Control samples and control monoclonal

antibodies were included with all runs.

Lymphocyte Proliferative Studies

All assays were performed in the morning prior to any treatment being given to the

patients. The minimum time interval between the assay and the last infusion of factor

VIII concentrate was 24 hours.
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20mls of citrated blood was taken from each individual and PBMCs separated as
described above. After washing PBMCs were resuspended at a concentration of 1 x 10°
cells/ml in RPMI 1640 and 10% heat inactivated human serum.

1 x 10’ cells in a final volume of 200 ul of medium were plated in U wells in 96 well
microtitre plates. The cells were incubated with eifher, phytohaemagglutinin (PHA),
Concanavalin A (Con A) (Sigma Chemical Co.), or heat inactivated Escherichia Coli
089 H16 (E. Coli) (NCTC).

Assays were performed in triplicate and unstimulated background control cultures
were included with every assay.

Cells were incubated at 37°C / 5% CO, for 72 hours (PHA and Con A) or 7 days (E.
Coli) in a humidified atmosphere. 18 hours before the end of incubation each well was
pulsed with 0.3 uCi of tritiated (3H) thymidine (Amersham, UK). Cells were
harvested onto glass fibre filters using an 8 channel cell harvestor (Nunc GIBCO)
washing each well 6 times with distilled water. The filters were air dried and 3H-
thymidine content and hence proliferation was determined by liquid scintillation
counting (Optiphase scintillant, Packard Tri-Carb Counter). and the results expressed
as mean counts per minute (CPM), following deduction of background proliferation
measured by the unstimulated control.

Proliferation (CPM) = CPM - CPM

assay control

The proliferative responses could also be expressed as stimulation indices.

Stimulation index = (CPM - CPM

assay con(rol)

CPM

control

PHA and Con A were reconstituted in RPMI 1640 and stored in aliquots at -20°C until
use. E. Coli was grown overnight in L-broth at 37°C with agitation. Cultures were then
centrifuged at 30,000 rpm for 10 minutes at 4°C. The pellets were then washed in

RPMI 1640 and recentrifuged. The final pellet was resuspended in RPMI 1640 and the
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concentration of bacteria then adjusted to 20 x 10%ml and checked by optical density at
600nm. The suspension was heat inactivated by heating at 80°C for three hours.
Aliquots were stored at 4°C until use. The original NCTC E. Coli slope was cultured to

check for contamination prior to each batch of antigen being produced.

Optimization of Mitogen Concentrations

Lymphocyte proliferative assays were performed using PHA, Con A and heat
inactivated E. Coli on peripheral blood mononuclear cells from four healthy volunteer
donors (in the case of E. coli three donors were used).. The concentrations of both
PHA and Con A used ranged between 0.625 pg/ml and 100 pg/ml and for E. Coli 2 x
10° to 2 x 107 /ml. The proliferative responses are shown in tables 5.1 and 5.2. The
dose response curves (graphs 5.1, 5.2 and 5.3) were examined to establish the optimum

concentrations of lectins and bacteria to use in the assays.

As can be seen from the graphs each of the four donors had different dose response
curves, indicating that probably for a population their would be a range of
concentrations at which the best proliferative response would be seen. It was therefore
decided to use three different concentrations of PHA and Con A in the patient
proliferation assays (table 5.3), ranging from sub optimal to above optimal.

Heat inactivated E. Coli was only used at optimal concentration (2 x 106/m1).
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ooncentration Con A PHA
pg/ml Donor 1 | Donor2 | Donor | Donor4 | Donor1 | Donor2 | Donor3 | Donor 4
3
0.625 695 324 1382 2745 481 13885 4229 1132
1.25 4594 7846 3990 2893 7197 29913 16371 4254
2.5 8197 30055 10083 5032 | 25532 37958 26117 33229
5.0 11461 56365 12114 9131 32607 45306 27654 31842
10 20282 39424 19262 19778 27472 40814 25415 36028
25 21645 46569 22480 21361 24328 39314 18489 37942
50 7811 15174 12407 40228 18686 32113 12499 26277
100 857 3393 4977 10978 10049 20677 7130 1277

table 5.1: results of lymphocyte proliferation assays to determine optimal concentrations of lectins.
(proliferation expressed as counts per minute, CPM)

Concentration Donor 1 Donor 2 Donor 3 Donor 4

Bacteria / ml

2x 105 5366 6768 4352 1129
2x 106 13833 18045 10443 7262
2x107 20430 13562 9877 6891

table 5.2: results of lymphocyte proliferation expressed as counts per minute (CPM) to heat inactivated
E. Coli..

Mitogen Final Concentration Response
PHA 50 pg / ml above optimal
25 ug/ ml above optimal
Supg/ml optimal
Con A 50 pg/ ml above optimal
25 pg/ml optimal
Spg/ml sub optimal
E. Coli 20 x 103/ml optimal

table 5.3: Concentrations of mitogens used in the final assays (E.coli was used only at one final

concentration of 20 x 10°/ml)
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Monocyte T cell interaction using E. Coli

Blood for these assays was again drawn in the morning prior to any infusions of factor
VIII concentrate. The minimum time interval since the last infusion was at least 24
hours. 20 ml of blood was taken into preservative free heparin and peripheral blood
mononuclear cells (PBMC) were isolated by density gradient centrifugation using
Ficoll-Hypaque as described above. The PBMCs were washed and resuspended in
RPMI 1640 and 10% heat inactivated human serum at a concentration of 2.5 x 109
cells / ml.

Monocyte antigen presentation was measured by the method of Mannhalter
(Mannhalter et al 1986). Monocytes were prepared by adherence; 2ml aliquots of
suspended mononuclear cells were incubated at 37°C / 5% CO; for 24 hours in a
humidified atmosphere. The supernatant was discarded and the remaining adherent
monolayers were washed three times with RPMI 1640 prewarmed at 37°C.

The monolayers were then incubated with a suspension of heat inactivated E. Coli 089

H16 at a concentration of 1 x 10%/ml for three hours at 370C / 5% CO,. The
supernatant was then discarded and monocyte layers washed three times and then
harvested by gentle scraping with a sterile plastic pasteur pipette and washed three
times in RPMI 1640 / 10% heat inactivated serum.

Cytospin preparations of washed monolayers from random experiments were stained
using a modified Wright's stain and a non-specific esterase (alpha naphthyl acetate

esterase) to assess the percentage of monocytes obtained. Morphologically, greater
than 90% were monocytes. Cytochemical identification showed a mean of 94.5%

1.04% (mean £ SEM) positively staining monocytoid cells.

The monocytes, acting as a sole source of antigen were then added at two different
concentrations, either 1 x 105 or 5 x 104 cells, to 1 x 10° lymphocytes in a total volume
of 200 pl in 96 well plates. The cultures were incubated at 37°C / 5% CO2 for seven
days and pulsed with 0.3uCi 3H-thymidine (tritiated thymidine) 18 hours before

harvesting onto glass fibre filter mats. 3H-thymidine incorporation was determined by
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liquid scintillation counting as described above. All assays were performed in triplicate
and compared with control cultures devoid of any antigen.
Results were expressed as either mean counts per minute (CPM) or stimulation index

(SI) as defined above.

Statistical methods

Chapter 7

In the analysis of T cell subsets in chapter 7, in order to eliminate age as a confounding
factor in the analysis, z scores for each measurement of the percentage of CD4 and
CD8 cells were calculated. The z score is a measure of how different an individual is
from the average of all children of the same age. Scores larger than plus or minus 1.88
occur outside the 3rd or the 97th centile, and would therefore be said to be outside the
normal range for a child of that age. By examining serial z scores it is possible to
determine whether there is a progressive change in CD4 and CDS8 counts which are
occurring independent of age. The calculations were made based upon the centile
curves that had been generated by the follow up of children born to HIV infected
women who themselves did not get the infection (The European Collaborative Study
1992).

The so called LMS method which was used in the construction of the centiles in the
European Collaborative Study allows the centile lines to be expressed mathematically
(Cole 1990) and provides a method of calculating z-scores.

M represents the median CD4 percentage for a particular age

S represents the skewness of the distribution around that median

L is a power coefficient which will transform the spread of reference CD4 percentages
at that age to a normal distribution.

These three coefficients can be combined to convert a measured CD4 or CD8

percentage at a particular age to a z-score.
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For CD4 Percentages
For a child aged x years, we need to calculate values for the coefficients L, M and S.
The value for L is simply given 0.939, at all ages.
The value for S is given as 0.230, again at all ages.
The value for M is calculated as ((0.155 x e “®54** )l— 0.6662).
For an observed CD4 percentage, y, at age x, the z score is calculated by substituting
the calculated values for L, M and S into the formula:-

z-score = {[1/(L x S)] x [((y)/(1 + (L x M))) - 11}.
For CD8 Percentages
For a child aged x years, we need to calculate values for the coefficients L, M and S.
The value for L is simply given 0.031, at all ages.
The value for S is given by the calculation (0.344 - (0.01986 x x))
The value for M is calculated as (((-0.243 x x) - 0.284) x e°836*2 _ 1 3023).
For an observed CDS percentage, v, at age x, the z score is calculated by
substituting the calculated values for L, M and S into the formula:-

z-score = {[1/(L x S)] x [((¥")/(1 + (L x M))) - 11}.
In order to calculate z-scores for the study, novel software was developed (by Dr.
Stephen Marriage of St. Mary’s Hospital, London) which calculated the exact z-scores
directly, only requiring the percentage of CD4 and CD8 positive cells and the age to be
put in to the programme.
Each patient was assessed initially as an individual to see whether a significant change
in CD4 or CD8 count occurred over time. This was done using simple linear regression
(Statview version 5.0, SAS Institute Inc.). Multiple regression was then used to
investigate the relationship between the CD4 and CD8 counts and the FVIII treatment
received, both in terms of the cumulative treatment received and in an attempt to assess
the short term acute effect of FVIII treatment, the treatment received in the week |,

month and three months prior to the T cell subset assay.
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The assumptions made in employing the regression models include;

1. that there is a linear relationship between the CD4, CD8 z scores and the age of the
children and also between the values and the amount of treatment received.
Although in both cases, the plots show a lot of scatter, a straight line, indicating a
linear relationship, as opposed to a curve best deécribes the patternssThis would not
have been the case if the raw data for the CD4 and CD8 values had been used.

2. The analyses were all carried out on an individual-patient basis, rather than on the
group as a whole. It was felt reasonable to assume that repeated assays on the same
individual would be independent of each other in this analysis, although obviously
this would not have been a reasonable assumption to make had the analysis
included all of the patients as a whole.

3. It is also assumed that the residual values (the predicted value from the regression
line minus the observed value) are normally distributed with a mean of 0. This was
checked and in the majority of cases the values were normally distributed. In six
cases there was one outlying value, which may reflect an unusual result occurring

by, chance, by laboratory error or another confounding factor.

Chapters 8 & 9

The lymphocyte proliferative responses were expressed as counts per minute (cpm).
The responses of each of the four groups in both assays were not normally distributed.
Therefore in order to compare the responses of the four groups the Kruskal-Wallis one
way analysis of variance for non parametric data was used. This established that there
was a highly significant difference between the four groups.

Pairwise comparisons were then performed using the Mann Whitney U test for non
parametric data. This involves multiple tests which may lead to a false number of
significant results. The resultant p values were therefore adjusted to take account of the
number of tests performed. This was done using a simple form of the Bonferroni

correction by multiplying the p-values obtained by the number of tests performed, in
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this case six. Only those tests which had p-values <0.05 after adjustment were

significant.

The relationship between the proliferative responses of the group 1 patients were then
investigated with regard to the total treatment receivéd at the time of the assay and the
number of days since the last infusion of factor VIII concentrate. In order to do this
using simple regression the data should be normally distributed. This was not however
the case. The data was transformed using several methods including log
transformation, square root and reciprocal transformation, none of which transformed
all the data sets to a normal distribution.

Therefore in order to investigate this Spearmans rank correlation test for non
parametric data was used. A disadvantage of using such a test is that it may not be as
stringent as when using tests for parametric data. Spearmans rank correlation test was
also used to investigate the relationship between proliferative response and age within

group 4, the control group.

Chapter 10

The levels of serum IgG measured on the patients were grouped together according to
the year after treatment began. The levels of IgG were compared by the Kruskal-Wallis
one way analysis of variance for non parametric data to investigate whether there was a
significant increase or decrease in mean IgG level over eleven years of follow up.

A comparison was made with two other groups of haemophiliacs within the unit on
whom serum IgG levels were available. The year in which these patients had started
treatment with either concentrate or cryoprecipitate was recorded and IgG levels were
taken from if possible the seventh year after treatment began in order to make a direct
comparison. The levels of 1gG were again compared by the Kruskal-Wallis one way
analysis of variance for non parametric data and having established that there was a
significant difference between the three groups, pairwise comparisons were made using

the Mann Whitney U test.
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CHAPTER SIX

SAFETY OF A VIRUS INACTIVATED FVIII CONCENTRATE AND
DEFINING A NON-A NON-B HEPATITIS AND HIV FREE COHORT
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The primary aim of this study was to ascertain the virological safety of the factor VIII
concentrate BPL 8Y.

In 1984 the International Committee on Thrombosis and Hemostasis (ISTH) drew up
recommendations for uniform criteria for the design and execution of safety studies of
new concentrates used in the treatment of haemophiﬁa (Schimpf et al 1987).

It was decided that safety studies should be brospective but that there would be no
control group; for obvious reasons in that it would be unethical to give people
untreated products knowing they were "unsafe". Groups of patients treated previously
with untreated concentrates in whom the attack rate of hepatitis was 100% would act as
historical controls (Fletcher et al 1983, Kernoff et al 1985).

It was recommended that patients entered into safety studies should be those who had
never received blood or blood products in the past, known as 'virgins' or 'previously
untreated patients' (PUPs). There had been some discussion as to whether to include
patients who had only been infrequently treated with blood or single donor products in
the past but it was decided not to recommend this (Mannucci & Colombo 1989).

The recommendations for patients to be entered into safety studies of new concentrates

are as follows:

I they had received no previous transfusion with blood or any blood product

i1 they had normal baseline serum levels of alanine aminotransferase (ALT)

1il. they had no history or current evidence of liver disease

iv. they were taking no medication likely to raise ALT levels

v. they had no serum marker for hepatitis B infection - except antibody to

hepatitis B surface antigen having received vaccination

All the patients included in this study were immunised against hepatitis B. The
accelerated dosing regimen was used, giving three doses; the first at diagnosis or in the
case of an emergency before the first treatment, the second at one month and the third

at two months. These were given subcutaneously in the deltoid or upper thigh region.
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Children aged between 0 and 12 years received half the adult dose of vaccine (10 pg in

0.5ml) (Department of Health 1996).

Follow up

At the time of the ISTH recommendations and at thé start of this safety study of BPL
8Y, the gene for hepatitis C had not been cloned and hepatitis C antibody testing was
not available. Therefore the criteria for follow up was measuring liver transaminase
levels to detect the development of non-A non-B hepatitis (NANBH). It was assumed,
as the NANBH attack rate was so high in those given untreated concentrates, that
hepatitis would occur as a result of the first infusion of concentrate if it was going to
occur. It was recommended therefore that serum levels of alanine aminotransferase
(ALT) should be measured prior to the first infusion of concentrate and then at two
weekly intervals for the first four months, and then monthly for a total follow up
period of six months.

The patients entered into the BPL 8Y study would continue to be sampled at monthly
intervals to one year and thereafter two monthly until the end of the study.

The frequent sampling over the first four months caused some concern particularly as
the majority of subjects entering safety studies would be children. However, it was
necessary to sample so frequently to avoid missing a transient rise in transaminases, as
NANBH may be a biochemically short lived disease (Kernoff et al 1987, Camelli et al
1987). This was well demonstrated in a safety study of a dry heated concentrate, which
did transmit NANBH, where three out of eleven episodes of hepatitis would have been
missed if blood samples had been taken more than fifteen days apart (Colombo et al
1985).

NANBH is defined as the presence of ALT levels 2.5 times higher than the upper limit
of normal, on at least two consecutive occasions fifteen days apart.

Patients who received any blood product other than BPL 8Y during the follow up
period would be excluded from the final analysis. At the same time as the liver

function tests were measured serum was also sent for markers of hepatitis B infection;
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(hepatitis B surface antigen, hepatitis B surface antibodies and hepatitis B core
antibodies) and HIV antibodies.

A full blood count and white cell differential were also performed at each
venepuncture.

Informed consent detailing both the frequency and the type of blood tests that were to

be performed was obtained from the parents prior to the first infusion of concentrate.

The concentrate: BPL 8Y

8Y, which became available in 1985 is prepared from large pool fresh frozen plasma
from unpaid donors of the National Blood Transfusion Service in England and Wales.
Each unit of blood is screened for hepatitis B surface antigen by third generation tests,
but at the time of this study they were not screened for surrogate markers of NANBH
or hepatitis B core antibody. Since 1985 donated blood has also been screened for HIV
antibodies.

Following fractionation of the plasma and freeze drying of the concentrate it is heated

in the dry state at 800 C for 72 hours in its final container.

8Y has a VIIL:C specific activity of approximately 2 IU / mg protein and contains most
of the intermediate/high molecular weight forms of von Willebrand factor antigen
(Lawrie et al 1989). Preliminary clinical studies showed that its biological half life, the
recovery of factor VIII:C and its effectiveness in stopping bleeding episodes in patients
with haemophilia were satisfactory (Winkelman et al 1989).

Each batch of 8Y was prepared from between 15,000 and 25,000 blood donations.

Results

Twenty five boys with Haemophilia A were enrolled into the study between July 1985
and August 1990.

Patient details are described in chapter 4. Eighteen boys with severe haemophilia
(FVHI:C < 0.02u/ml) were enrolled together with three boys with moderate disease

(FVIIL:C 0.02-0.05 u/ml) and four with mild haemophilia (FVIII:C > 0.05 u/ml).
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The age at entry to the study ranged between 1 month and 108 months (mean 29.8
months, median 17 months).
The safety study was completed in December 1991, the duration of follow up ranged

from 16 to 77 months, (mean 48 months, median 57 months).

Treatment received

Details of the quantities of treatment received in terms of total units of FVIII received
per year and total units FVIII per kilogram body weight received per year are
summarized in appendices 6.1.1 to 6.1.25.

The boys were all weighed whenever they were given an infusion of FVIII, and for
those receiving infrequent treatment, they were weighed as part of their regular three
monthly outpatient review. Hence, a mean weight for each year was calculated in order
to derive the total units of FVIII received per kilogram body weight per year. The
mean treatment expressed as units of Factor VIII per kg body weight per year received
by each boy is shown in graph 6.1.

The amount of factor VIII given to the eighteen boys with severe haemophilia is shown
in graph 6.2.

It can be seen from the graphs that there was a gradual increase in use of factor VIII
with increasing age, particularly after 1990. This is occurring independently of
increasing weight. The reasons for this increasing use are not entirely clear. It is
probably accounted for by increasing activity of the children and increasing numbers
of bleeding incidents. It may also reflect growing confidence in the factor VIII product
with the result that parents were presenting with their children more readily.

Increasing concentrate usage over the same time period has also been documented in
other haemophilia treatment centres. This was accounted for by the introduction of
improved products, but mainly by the introduction of prophylaxis regimes (Miners et al
1998). During the BPL 8Y study, primary prophylaxis regimes were not used
routinely, however a number of patients had intermittent periods of prophylaxis for

example to interrupt a succession of joint bleeds.
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Thousands of plasma donations are included in the production of factor VIII and
therefore efforts are made to limit the number of batches received by each patient. For
severely affected haemophiliacs, they will ultimately receive many different batches,
however for those who receive less treatment it is important to try and use the
minimum number of batches possible. The to;al number of different batches received
by each patient are shown in graph 6.3. Over a period of eight years between 1986 and
1994 twenty two of the patients studied received between 2 and 70 different batches of
factor VIII. The mean number of batches received was 40. This is important
information to document, as all donations included in each batch are recorded by the
manufacturer. Therefore if it should become apparent that a plasma donor has
developed an infection such as hepatitis for example, individuals who have received a

particular batch can be traced and tested.
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Blood test results
Results of blood tests (hepatitis B serology, HIV serology, alanine aminotransferase,

alkaline phosphatase and bilirubin levels) are detailed in appendices 6.2.1- 6.2.25.

Adherence to protocol for the detection of NANBH

One of the major concerns of the ISTH when the recommendations for studies of
safety of clotting factor concentrates were made was that patient compliance would be
difficult to achieve. This problem is well demonstrated in figure 6.1 where the
adherence to the protocol is depicted.

The patients in this study were all children, with a median age at entry of only 17
months. Parents of such children are naturally anxious that their children undergo as
few procedures as possible both to minimise traumatic experiences and because of
anxiety that repeated venepunctures may cause damage to their veins. Children of this
age may well be difficult to venepuncture. Parents may also be reluctant to bring
children to the hospital for testing when treatment per se is not required because of
travelling to and from the hospital. Some families lived a significant distance from the
hospital because it offers a regional service.

Referring to figure 6.1, the initial patients admitted into the study with BPL 8Y
(patients 1-8) during 1985 and 1986 did not adhere to the testing protocol. Following
this time staffing levels in the Haemophilia Unit were increased in the form of research
fellows and specialist nurses and as a result compliance improved greatly. Patients 9 to
14 were tested mainly on a monthly basis, with extra samples being taken if a patient
required treatment with factor VIII. Full compliance with this regime was sought and
was aided by active involvement of parents in learning to perform venepunctures and
giving treatment. A parent discussion group was set up to provide increased
information about treatment and safety studies (Westoby et al 1992). Regular
reminders about attending for blood tests were given by both letter and telephone. At

this time it had been argued that monthly testing was adequate to identify most patients
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with NANBH and at the Proceedings of the World Federation of Haemopbhilia in 1988
monthly testing was acknowledged to be acceptable.

Doubts however remained that brief increases in transaminases would be missed ,
therefore from late 1987 until the end of the study (patients 15-25) it was attempted to
adhere fully to the recommendations and to perform 2 weekly transaminase levels for
the first four months after the first treatment episode. This was achieved in eight of the
subsequent eleven patients admitted to the study. Of the remaining three (patients 16,
19 and 25), only one of the blood tests was omitted during the first four months. These
three patients still comply with the recommendations however because only one test
was missed and the results on the occasions on either side were within the normal

range.
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Incidence of raised hepatic transaminases during the follow up period

Referring to appendices 6.2.1 — 6.2.25, during the first six months follow up, no patient
had raised ALT levels. For the patients 2 to 8 this result is meaningless as the patients
were tested so infrequently. However it indicated that patients 1,9,10,11,12,13 and 14
were unlikely to have contracted NANBH fqllowiﬁg the first treatment episode and
that patients 15 — 25 were highly unlikely to have done so.

All patients continued to be followed up with monthly tests in the first year after the
start of treatment and two monthly thereafter. Four patients had raised ALT levels on

at least one occasion during this follow up period as detailed in table 6.1.

Patient Date of first treatment Date of raised ALT Value
(upper limit of normal
40 TU/)

2 28.12.85 18.11.93 160
3 3.1.86 9.12.94 58

6 6.6.86 15.7.91 119
20 * 20.11.89 13.3.91 67
13.8.91 105
13.1.92 73

Table 6.1 Incidence of raised ALT during follow up period.

All values returned to normal and remained so.
*Patient 20 had received no treatment since December 1989 (14 months) prior to the first abnormal

value and had had regular blood tests. He was otherwise completely well and no other cause for the

raised transaminases have been found and his liver function remains entirely normal.

It 1s likely that throughout the course of a prospective study that occasional transient
changes in laboratory values will be seen, that occur as a result of laboratory or
machine error or just by chance. It may be considered surprising that so few slightly

abnormal values were seen when so many individual tests were carried out. Only one
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patient had more than one raised value (none of which were 2.5 times normal) and no
underlying cause was found. Of the other three patients no further investigations were

carried out and the transaminases returned to normal and remained so.

Testing for hepatitis C antibodies

The majority of cases of blood or blood product transfusion associated hepatitis were
found not to be associated with a positive serology for hepatitis A or B and these cases
came to be known as non A non B hepatitis (NANBH) ( Feinstone et al 1978). Further
evidence was gathered confirming that a transmissable agent was responsible by
experiments infecting chimpanzees from man (Feinstone et al 1981).

A virus specific antigen associated with non A non B hepatitis was discovered in the
late 1989. This was done through the isolation of a viral genomic clone from large
volumes of highly infective chimpanzee plasma derived through the transmission
experiments. This clone coded for an antigen which bound to antibodies in the serum
of patients with chronic NANBH (Kuo et al 1989). This led to the development of a
specific antibody test for the hepatitis virus which came to be known as hepatitis C.
Using this original clone as a base further clones were detected and the complete
genome was sequenced (figure 6.2) (Choo et al 1991), and the virus was found to be
closely related to the flaviviruses.

The early diagnostic tests were based on the detection of antibodies reactive with
recombinant proteins produced from the clones. The so called first generation assays,
using a non-structural recombinant protein C-100, were positive in between 80 and
90% of blood donors suspected of transmitting HCV infection (Alter et al 1989). These
assays had a relatively high rate of false positives particularly in patients with
autoimmune disease and if used on old stored serum samples.

The increasingly sensitive and specific second generation assays used antigens from
the nucleocapsid and other non-structural proteins and were found to become positive

earlier on in the course of the infection in comparison with the antibodies detected by
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the first generation assays. 98% of individuals with so called NANBH were
seropositive for hepatitis C using the second generation assays (Nakatsuji et al 1992).

It later become possible to detect the virus itself by PCR, a highly conserved region of
the genome being used as the target region for the primers as it was later shown that
there was considerable variation between diffe;ent isolates of hepatitis.

It is currently believed that approximately 50% of HCV infections become chronic,
70% of which have abnormal histology on liver biopsy, with a spectrum of

abnormalities ranging from chronic active hepatitis to cirrhosis.
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Hepatitis C antibody testing of the BPL 8Y cohort

When the first generation assays became available in 1989 the most recent serum
samples from the patients (numbers 1-15) admitted into the safety study up to that time
point were tested. The time from the first infusion of factor VIII to the time of the
assay was between 17 and 44 months (table 6.2). |

At the same time serum from patients in treatea in the same unit suspected as having
NANBH were also tested (Skidmore et al 1990) and they were all found to be positive
by the first generation antibody test.

The initial first generation tests for hepatitis C antibodies on patients 1 to 15 were all
negative.

Since this time the patients have been regularly tested and all remain consistently

negative for hepatitis C antibodies (appendix 6.3).
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Patient Date of first treatment | Date of first assay Time since first
with FVIII for hepatitis C treatment (months)
1 19.7.85 10.3.89 44
2 28.12.85 16.1.89 37
3 3.1.86 2.3.89 37
4 20.1.86 20.1.89 A1 36
5 31.5.86 21.10.88 29
6 6.6.86 3.1.89 31
7 1.9.86 14.10.88 25
8 28.9.86 25.10.88 25
9 1.12.86 20.1.89 25
10 27.1.87 18.1.89 24
11 4.2.87 13.3.89 25
12 6.2.87 21.2.89 24
13 31.3.87 24.2.89 23
14 12.4.87 15.2.89 22
15 5.10.87 2.3.89 17

Table 6.2 Timing of first hepatitis C antibody test in relation to first treatment episode with the factor
VIII concentrate BPL 8Y
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Discussion

Soon after the introduction of large pool concentrates an increase in the number of
cases of acute hepatitis in recipients were seen (Kasper 1972). These cases occurred in
relatively few of the patients, but what was later to become apparent was that many
more had had subclinical hepatitis infections, detectable only through raised
transaminases. The significance of these infections was only to become apparent later
in the form of chronic hepatitis, cirrhosis and liver failure.

Before the introduction of the screening of donated blood for hepatitis B antigen and
the development of a hepatitis B vaccine, many haemophiliacs became infected and
studies showed that over 50% of patients had previous evidence of infection
(Cederbaum et al 1982, Rickard et al 1982). As concern increased over the possible
transmission of viruses and patients receiving large pool concentrates were closely
monitored, it was observed that the majority had transiently raised transaminases
following the first infusion. In the absence of the development of hepatitis A or B
antibodies this was considered to be due to a third or possibly more transmissable
agents and until the cloning of the hepatitis C genome and the development of specific
antibody tests, this hepatitis was described as non A non B hepatitis (NANBH). Its
prevalence in the blood donor population was relatively high. It was estimated as being
0.3% in the UK in the 1980’s (Collins 1983), but more recent studies have found it to
be lower at 0.05% (Irving et al 1994). However seroprevalence is significantly higher
in other countries such as the USA and Japan (Murphy et al 1996, Yamaguchi et al
1994). The high prevalence explains why haemophiliacs were so at risk of acquiring
NANBH. Each batch of large pool concentrates contained thousands of donations and
was therefore highly likely to contain at least one that was infegt_ious.

Experience increased as to the significance of infection with hepatitis in this
population, through a number of studies of liver biopsies in haemophiliac populations
(Hay et al 1985, Makris et al 1996). Over time the results of these studies have become

increasingly disturbing. The initial studies showed that although a minority of patients
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had evidence of active hepatitis and cirrhosis, the majority had what was initially
thought to be the more quiescent chronic persistent hepatitis.

However it was found that in the haemophiliac population this form was more
aggressive and that the tendency was towards progression, a fear that was confirmed
by the increasing number of patients presenting with the complications of chronic liver
disease (Makris et al 1996).

Following the introduction of the large pool concentrates it then became clear that
measures would have to be taken to make the products safer. The pressure to do this
increased dramatically with the advent of the Acquired Immune Deficiency Syndrome
(AIDS) epidemic in the early 1980’s.

Many treatment methods were investigated and introduced, involving treatment of the
concentrates with solvents and detergents, wet heating and dry heating at a series of
different temperatures. The treatment processes all reduced the yield of products,
which were already extraordinarily expensive to produce, resulting in pressure to make
a safe and economically viable product.

Hepatitis B screening of donated blood was already available and HIV antibody testing
was introduced in 1986. However treatment processes had to be adequate to destroy
viruses, which despite screening entered the pool, either as a result of error, or in the
case of a donation from an antibody negative , although infected person.

The elimination of the as yet uncharacterised NANBH remained a challenge. In the
absence of antibody tests surrogate markers of infection were relied upon and then with
the increasing number of “treated” products appearing on the market the need for a
standardised testing protocol was paramount. The first of these was produced in 1984
(Schimpf et al 1987) and revised in 1989 (Mannucci et al 1989), the details of which
are described in detail earlier in this chapter.

It was recommended that only patients, who had never before received concentrates,
should be included in safety studies of new products. Historically such patients had an
100% attack rate with NANBH when receiving untreated products and a historical

control group therefore already existed (Fletcher et al 1983, Kernoff et al 1985). It was
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argued that patients who had received single donor products in the past or who had
been infrequently treated could also be included, but it was decided that this should not
be so. Firstly these patients may appear not to become infected because they may
before have contracted subclinical NANBH and then have developed an “immunity” to
it, therefore being unreliable candidates. Alsq Wheﬁ relying on surrogate markers of
infection, the exact pattern of the raised transaminases in the presence of both acute
and chronic NANBH infections was not clear. For example a raised transaminase
occurring after the infusion of a new product may be due to an acute infection from
that new product, or the manifestation of a chronic NANBH acquired from a
previously infused product. Such doubts in interpreting safety studies would have
resulted in lack of confidence in the results.

The stringency of the protocol was such that compliance was a major problem. The
majority of patients enrolled into safety studies were small children, for whom two
weekly blood testing was considered by many parents to be too much. It was
considered by some that monthly blood levels of transaminases would be
sufficient,which was more acceptable to parents and our experience was that this
protocol could be well adhered to. However, the risk of missing a short lived
transaminitis by only monthly testing was underlined by a prospective safety study of
a dry heated factor VIII concentrate (Colombo 1985) when 3 of 11 episodes of
hepatitis would have been missed if blood samples had been obtained more than fifteen
days apart.

It proved to be possible for even children to adhere to the stricter protocol in this study
as demonstrated by the latter 11 patients admitted. This was aided by increasing the
information available to the parents. A parent information and discussion group was set
up where the reasons behind safety studies were fully explored and as a result
compliance reached almost 100%.

None of the patients in this study, whose blood was tested either according to the full
protocol or monthly had raised levels of ALT during the first six months after the first

treatment episode. There were thereafter only four patients who had at some time point
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raised transaminase levels. The most significant of these occurred in a mild
haemophiliac who only had one period of FVIII treament, during a tonsillectomy. He
was followed exactly according to the ISTH protocol and the raised transaminases
occurred sixteen months after he received factor VIII and in the face of normal
transaminases in the immediate post treatment phase were unlikely to be due to
NANBH acquired through the concentrate. |

The development and introduction of hepatitis C antibody tests, leading to the
confirmation that the RNA flavivirus was responsible for the majority of cases of post
transfusion NANBH, enabled the confirmation that these patients treated solely with
BPL 8Y had remained free of infection. This, together with consistently negative
antibody tests for HIV and the absence of markers for hepatitis B infection confirmed
that this product was not capable of transmitting the three viruses which had so long
been a problem in the treatment of haemophiliacs with large pool concentrates.

One other long term follow up of the use of BPL 8Y has been published (Brown et al
1998), describing the follow up of 33 patients over a median period of 96 months.
They also documented no evidence of transmission of hepatitis C, hepatitis B or HIV.
BPL 8Y Waé widely used in the United Kingdom during the late 1980°s and 1990’s.
There is good evidence that from the point of view of hepatitis B and C and HIV that it
1s safe. However that does not mean that it is totally free from the risk of viral
transmission. As is well demonstrated by the AIDS epidemic, viruses can suddenly
appear and some may have characteristics rendering them less susceptible to the viral
inactivation processes in use. For example, viruses which lack a lipid envelope are not
eliminated in the production process of BPL 8Y. One such virus, parvovirus B19 was
not routinely tested for in the course of this study, but in the study of Brown et al the
patients studied had a 100% prevalence of parvovirus B19 antibody (Brown et al
1998). This prevalence is significantly higher than that which would be expected, for
example in those sixteen patients under the age of sixteen years, in whom an antibody
prevalence of <52% would be expected (Cohen & Buckley 1988). There have been

well documented outbreaks of hepatitis A, although not specifically related to 8Y,
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which also lacks a lipid coat, in groups of haemophiliacs in recent years (Mannucci et
al 1994). This virus was previously considered not to be a transfusion risk, being
spread by the faeco-oral route but it evidently can be and was transmitted.

Hepatitis G, a flavivirus like hepatitis C is present in 3% of the donor population
(Ludlam 1997) and has been demonstrated as being transmissable by plasma products,
in haemophiliacs the prevalence being between 12 and 15% ((Jarvis et al 1996). It
appears as yet to have no serious clinical consequences and may not be hepatotoxic
and it is not recommended that haemophiliacs be routinely tested for it (Mak}ié et al
2001). Although these other viruses do not have the fatal consequences of HIV and the
other hepatitis viruses, the implication remains that plasma derived products including
BPL 8Y are still capable of transmitting viruses and there will always remain the
possibility of new viruses or of pre-existing ones changing to become more dangerous.

It would be far from correct to say that any plasma derived product is virally safe.
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CHAPTER SEVEN

STUDIES OF T LYMPHOCYTE SUBSETS IN HAEMOPHILIACS TREATED
SOLELY WITH BPL 8Y
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Background

T Iymphocytes are responsible for cell mediated immunity and are also essential for the
development of antigen specific antibody responses. B cells produce antibody but are
dependent in doing so on intact T cell function. The T lymphocytes undergo
maturation, differentiation and selection in the thymus gland.

One of the initial steps in the assessment of immune function of a host is to count the
total number of T lymphocytes and sub-populations of T cells responsible for
mediating different functions (Gelfand & Finkel 1996). The assessment is done by
detecting the presence of cell surface protein markers specific for the different
populations. All mature T cells have CD3 (Reinherz et al 1979), an antigen which is
associated with the T cell receptor (TCR) and is required for the latter's expression and
function (Borst et al 1983, Meuer et al 1983). The CD3+, or total T cell population can
be further subdivided into CD4+ and CD8+ populations, which, in turn can also be
subdivided (Evans et al 1978, Kung et al 1979).

The CD4 and CD8 molecules are involved in antigen presentation and are necessary
for the initiation of T cell activation. On resting T cells, the CD4 or CD8 molecules are
not linked directly to the T cell receptor but become associated with it when the
receptor recognises the antigen/major histocompatibility complex (MHC) on the
surface of an antigen presenting cell (Glaichenhaus et al 1991). In general the CD4+
cells, the T helper and inducer cells, recognise peptides bound to class II MHC
molecules and the CD8+, or suppressor and cytotoxic T cells recognise those bound to

class I MHC molecules. (Konig et al 1992).

The number of CD4+ and CD8+ cells can be expressed as a percentage, as an absolute
count and also as a ratio of the number of CD4+ to CD8+ cells. The absolute count,
which is of course dependent on the total white blood cell count, is a good indicator of
the degree of T cell deficiency. In adults a CD4 count of less than 500 x 100/1 is
associated with impaired cell mediated immunity and counts below 200 x 109/1 result

in profound suppression (Lang et al 1989). The ratio of CD4 to CDS8 cells should be
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greater than one. Ratios below 0.3 are associated with severe T cell deficiency. Both
the percentage of the T cell subsets and the CD4/CD8 ratio are good ways of following

long term trends as they are independent of the total white blood cell count.

Lymphocyte counts and subsets vary with age iﬁ childhood. They are higher in
younger age groups and gradually decline normally with age towards adult values. The
spread of the normal ranges of both the counts and the CD4/CDS8 ratio is also wider in
infants and young children. Several attempts have been made to establish normal
ranges for children. (Falcao 1980, Hicks et al 1983). More recently the European
Collaborative Study of infants born to women with HIV-1 infection published centile
charts for age related standards for T lymphocyte subsets based on the follow up of
HIV uninfected children born to HIV infected women (The European Collaborative
Study 1992). These were the first standards based on smoothly changing centiles as
opposed to the previously published age-grouped standards, where difficulties arose

because of age-break points.

Reduced percentages and absolute CD4 counts and reversed CD4/CDS8 ratios are
characteristic of HIV infection and are used as a means of monitoring the degree of
immune dysfunction. Abnormalities may also be seen in other viral infections,

autoimmune diseases and in some haematological malignancies.

T cell subsets in the context of haemophilia

Reduced numbers of CD4+ cells, and relative increases in CD8+ cells were reported as
occurring in the first haemophiliacs to be diagnosed as having AIDS (Lederman et al
1983). Studies at that time of healthy haemophiliacs who had been treated with large
pool concentrates also revealed similar quantitative T cell abnormalities, the more
severe of which occurring in those who had received larger quantities of blood
products (Lee et al 1985). In 1983, the virus that causes AIDS, HIV initially known as

HTLV-III was isolated (Barre-Sinoussi et al 1983 ) and a serological test to detect IgG
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to the virus was developed (Sarngadharan et al 1984). It therefore became possible to
determine which of the haemophiliacs had been exposed to the virus. A number of
studies showed that T lymphocyte abnormalities occurred even in the absence of HIV
antibodies (Shannon et al 1986b, Carr et al 1984 ) In the cohort of haemophiliacs
followed in Edinburgh, absence of HIV infection haé been confirmed in some of these
individuals by the polymerase chain reaction, (Peutherer et al 1990) despite which this

group of patients show continued abnormalities of T cell subsets.

Aim of the T cell subset studies

T cell subset abnormalities have therefore been documented both in the presence and
absence of HIV infection in haemophiliacs, who were treated with a variety of blood
products including untreated and treated factor concentrates and cryoprecipitate. These
patients were also infected with other viruses. The aim of this study was to follow
prospectively a group of previously untreated patients, performing regular assessments
of CD4+ and CD8+ cell counts and ratios, and to determine if any immunological
changes occurred, and if they did so their relationship to the amount of treatment

received.

Methods

Patients

Twenty one of the twenty five patients included in the original BPL 8Y safety study
were included in this part of the study. Patients 9,13, 16 and 19 were excluded because
fewer than five assays were performed, either because their care was transferred
(patient 19) or because they lived too far away from the hospital to be able to come up
to the hospital with a fresh blood sample. Details of the patients are as in chapter 4.
Blood was taken for T cell subsets where possible before the first infusion of factor

VIII and at approximately three to six monthly intervals thereafter.
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T lymphocyte subset analysis
T lymphocyte subset analysis was performed manually prior to 1991, after which
analysis was done by flow cytometric analysis (FACSCAN) at the Department of

Immunology, East Birmingham Hospital.

Manual method
T lymphocyte subsets were identified by indirect immunofluorescence using fluoresene
1sothiocyanate conjugated (FITC) rabbit anti mouse immunoglobulin (Williams et al

1988).

Venepuncture was performed on patients between 9 and 11am, (prior to the infusion
of concentrate). 10mls of blood was taken directly into lithium heparin containers.
Peripheral blood mononuclear cells (PBMCs) were isolated by density gradient
centrifugation on Ficoll Hypaque (Lymphoprep, Nygaard Ltd, UK). The PBMCs were
then washed three times in RPMI 1640 and resuspended in PBSAA (0.1% sodium
azide/PBS/1% bovine serum albumin) and incubated with a 1/25 dilution of each
monoclonal antibody.

The monoclonal antibodies used throughout the study were CD11 (pan T lympho-
cytes), CD4 (includes T helper lymphocytes) and CD8 (includes T suppressor lympho-
cytes), (Coulter Electronics Ltd, UK)

The cell suspension and monoclonal antibodies were mixed well and left at room
temperature for 15 minutes, being agitated twice during this period. The cells were
then washed three times with PBSAA and after the final wash the supernatant was
completely removed and the cell pellet resuspended in 200 pl of rabbit anti-mouse
immunoglobulin -FITC (Dako Ltd, UK; diluted 1/20 with PBSAA).The samples were
agitated and left at room temperature as before for 15 minutes. The washing procedure
with PBSAA was repeated three times, leaving 100 pl of PBSAA on the pellet after the
final wash. One drop of 8% formalin was added to each tube to prevent clumping and
the pellet resuspended. One drop of cell suspension was placed on a glass slide,

covered with a glass slip and examined immediately, using a Leitz Ploem fluorescent
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(mercury vapour) microscope system. 200 cells were counted and the percentage
showing fluorescence determined. Having determined the percentage of lymphocytes
expressing the cell surface markers, the absolute T cell subset counts were calculated
using the absolute lymphocyte count measured on a simultaneous full blood count.

The T4:T8 ratio was then obtained from these absolute counts.

FACSCAN Method

Flow cytometric analysis was performed by the Department of Immunology, East
Birmingham Hospital. This method used two colour combinations of fluorescent
labelled monoclonal antibodies to label T cells in whole blood. After labelling, a
hypotonic lysing buffer was added to lyse red cells whilst leaving white cells intact.
These were then fixed and analysed on a fluorescence activated counter, gated to
lymphocytes.

Briefly, samples of 2mls EDTA anticoagulated whole blood were drawn before 10am
and transported at ambient temperature to East Birmingham Hospital within 2 hours. A
sample was also taken from a normal donor to control for transport conditions.

100ul EDTA anticoagulated whole blood was incubated with CD3, CD4 and CD8
monoclonal antibodies at room temperature for 10 minutes in reduced light (in
combinations CD3-CD4 and CD3-CD8). CD3 and CD4/CD8 were labelled with
differing fluorochromes. 2ml of FACSlyse (Becton Dickinson Ltd, UK) was added to
each tube and incubated for a further 10 minutes at room temperature. Tubes were then
centrifuged at 675rpm for 5 minutes and the supernatant discarded. Cells were
resuspended in 2ml PBS and 0.5ml 2% formaldehyde. Cell suspensions were then
analysed on a Becton-Dickinson FACScan. Control samples and control monoclonal

antibodies were included with all runs.

Treatment
Complete treatment records were available on every patient. The treatment received

(expressed as units of FVIII per kilogram body weight) in the time periods one week,
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one month and three months before the assay were calculated for each assay for each
patient. Serial CD4 and CD8 counts were therefore available on each patient and the

relationship between these and treatment received was investigated.

Statistics

The statistical methods used are described in detail in chapter 5. In order to eliminate
age as a confounding factor in the analysis, which was important as these patients were
being investigated during the time period when the CD4 and CDS8 counts change the
most, z scores for each measurement of the percentage of CD4 and CDS§ cells were
calculated and used in the analysis. The z score is a measure of how different an
individual is from the average of all children of the same age. The changes in CD4 and
CDS8 over time were assessed by simple linear regression, while the effect of treatment

on the CD4 and CD8 levels was investigated using multiple regression.

Results

The results of the serial T lymphocyte subsets are shown in appendices 7.1.1 -7.1.25.
The serial z scores for CD4 and CD8 percentages plotted against the age of the patient
are shown and graphs 7.1.1 to 7.1.25 with the data in appendices 7.2.1-7.2.25.

Serial T cell subset measurements were performed on each of the twenty one patients
as detailed in table 7.1. Patients recruited later into the study had CD4 and CD8 cell
counts measured from the time at which they were first treated with factor VIII,
whereas in other cases T cell analysis started up to 25 months after the first treatment
episode (median 11 months after the first treatment episode). A median of 14 assays
were performed on each patient (range 6-17) over 32 to 96 months (median 88months),
with a total time of follow up since the patients first received FVIII treatment of
between 54 and 121 months (median 97 months).

Each patient was studied individually to assess the change of CD4 and CDS8 over time,

using z scores to eliminate age related change. The regression coefficients and p values
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for each individual patient are shown in table 7.2, with significant changes highlighted
in bold print.

There were only two significant changes in CD4 values, one increasing (patient 25),
and one decreasing (patient 5). Both of these patients demonstrated no significant CD8
changes. |

Of the 21 patients three had a significant incréase in CD8 values (patients 12, 15 and
22), all z score values stayed within the normal range (between + 1.88 and — 1.88),
while three other patients (1, 3 and 4) had decreasing CD8 values. All six patients had
stable CD4 levels.

In summary, 19 of the 21 patients had stable CD4 cell values and 15 of 21 stable CDS8
values throughout the study period. Of those who did have changes in CD8 values,

equal numbers of patients had increasing and decreasing values.
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Patient Total duration of Number of Time between first Duration of T
follow up assays FVIfI treatment and | cell subset follow
{months) performed first T cell subset up (months)
assay (months)

1 121 14 25 96

2 116 15 20 96

3 110 14 18 92

4 115 15 19 96

5 110 14 15 95

6 110 15 15 95

7 102 14 13 89

8 107 14 11 96

10 97 14 11 86

11 97 15 9 88

12 101 - 17 6 95

14 99 15 4 95

15 87 15 0 87

17 70 10 0 70

18 70 9 2 68
20 71 9 0 71
21 69 10 0 69
22 66 9 0.5 65.5
23 51 6 11 40
24 63 7 0 63
25 54 7 22 32

MEAN 89.8 MEAN 12.2 MEAN 9.6 MEAN 80.2
MEDIAN 97 MEDIAN 14 MEDIAN 11 MEDIAN 88

Table 7.1 Details of T cell subset assays performed on 21 patients
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graph 7.1.21 patient 21: Change in CD4% and CD8% z score with age
arrows indicate when assays performed first with FACSCAN method
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graph 7.1.22 patient 22: Change in CD4% and CD8% z score with age
arrows indicate when assays performed first by FACSCAN method
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graph 7.1.23 patient 23: Change in CD4% and CD8% z score with age
all assays performed using FACSCAN method
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graph 7.1.24 patient 24: Change in CD4% and CD8% z score with age
arrows indicate when assay first performed with FACSCAN method

129



CD4 z score

] =

0,55

—@—— (D4 z score
-0,5

age (years)

CD8 z score
1,25~

0,75 ~ ——8&—— (D8 z score

0,5~

0,25 I i I 1 1 1

age (years)
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all assays performed using FACSCAN method
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patient CD4 and CD8 percentage Z scores measured against time
Regression coefficient (r) P value

1 CD4 0.018 0.95
CDS8 -0.599 0.02

2 CD4 -0.348 0.2
CDS8 . 0.24 0.39

3 CD4 -0.319 0.27
CD8 -0.548 0.04

4 CDh4 -0.332 0.23
CD8 -0.6 0.018

5 CD4 -0.58 0.03
CD8 +0.337 0.24

6 CD4 0.001 0.99
CD8 -0.281 0.31

7 CD4 -0.222 0.45
CDS§ -0.384 0.18

8 CD4 -0.158 0.59
CDS +0.231 0.43

10 CD4 0.013 0.96
CDS8 -0.315 0.27

11 --CD4 -0.332 0.23
CDS§ 0.037 0.89

12 CD4 -0.232 0.37
CD8 +0.567 0.017

14 CD4 -0.317 0.25
CD8 0.1 0.72

15 CD4 -0.168 0.57
CDS8 +0.589 0.027

17 CD4 -0.162 0.64
CD8 -0.29 0.38

18 CD4 -0.162 0.68
CDS§ 0.001 0.95

20 CD4 +0.203 0.59
CD8 +0.282 0.46

21 CD4 0.012 0.97
CD8 -0.175 0.63

22 CD4 +0.178 0.65
CD8 +0.621 0.07

23 CD4 -0.35 0.49
CD8 -0.48 0.34

24 CD4 -0.155 0.74
CD8 +0.615 0.14

25 CD4 +0.793 0.03
CDS§ +0.302 0.51

Table 7.2 All patients; CD4 and CD8 % z scores against age — regression coefficients and p values
Significant values are in bold
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Relationship of serial T lymphocyte subsets to FVIII treatment received

Total treatment received at the time of each assay and the treatment received
(expressed in units FVIII / kg body weight) in the week, month and three months prior
to the assay are shown in appendices 7.3.1 to 7.3.25.

Multiple regression analysis was used to investigate the effect of treatment on the serial
CD4 and CDS8 z scores of each individual patient. Five independent variables were
included in the analysis, total FVIII treatment received at the time of the assay (units
FVIII), time since the first treatment episode, and treatment received in the week, one
month and three months prior to the assay (units per kg FVIII). Nineteen of the twenty
one patients were included in the analysis. Patients 20 and 23 were excluded because
they had received insufficient treatment over the study period resulting in insufficient
data to be included in the model.

Firstly, considering those patients whose CD4 and CD8 z scores were demonstrated to
change significantly over time.

Patient 5 had a decreasing CD4 z score but on multiple regression these scores showed
no significant correlation with either, total cumulative treatment received, treatment
received in the previous week, month or three months or to the time since treatment
began.

Of those three patients who had decreasing CD8 z scores, the scores of patients 1 and 3
showed no significant correlation on regression against the five variables, whereas in
the case of patient 4, treatment received in the previous month (p=0.02) and three
months (p=0.05) showed significant correlation. However, when the relationship of
each of these two variables was investigated using simple regression neither was found
to be significant. (Graph 7.2.1)

Of the three patients who had increasing CD8 z scores, the scores of two (patients 12
and 22) showed no significant correlation on multiple regression against the five
variables. The CD8 scores of the third patient (15) showed however significant

correlation with FVIII treatment received in the month (p=0.09) and three months

132



(p=0.09) prior to the assay. The association was also significant when each variable
was plotted against CD8 z scores on simple regression. (Graph 7.2.2)

Of the other patients investigated, significant correlations between either CD4 or CD8
z scores and the five treatment variables were found in only two cases.

The CD4 and CD8 z scores of patient 6 did not change significantly over time but on
multiple regression CD8 was found to be assoéiated with the total treatment received
(p=0.04) and to the time since treatment started (p=0.03). Neither of these associations
were found to be significant using simple regression (graphs 7.2.3).

The CD4 z scores of only one patient (patient 11) were shown to be correlated on
multiple regression to the FVIII treatment received in the week (p=0.01), one month
(p=0.02) and three months (0.03) prior to the assay. Using simple regression only the
treatment received in the previous three months was found to be associated (graph
7.2.4)

A summary of the T cell subset analysis of the patients investigated as individuals is

shown in table 7.3.
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8¢l

Patient CD4 z scores CDS8 z scores Multiple regression; relationship of CD4 & CD8 Confirmation of significant
to treatment variables correlation between CD4 and
CD8 z scores and treatment
variables using simple
regression
S Decreasing (p=0.03) No significant correlation
1 Decreasing (p=0.02) No significant correlation
3 Decreasing (p=0.04) No significant correlation
4 Decreasing (p=0.018) CD8 z scores related to: No significant correlation
FVIII received in the previous one month (p=0.02) between either variable and the
FVIII received in the previous three months(p=0.05) | CD8 z scores
12 Increasing (p=0.017) within the No significant correlation
normal range
15 Increasing (p=0.027) within the CDS8 z scores related to: Both variables have significant
normal range FVIII received in the previous one month (p=0.09) correlation with CD8 z scores
FVIII received in the previous three months(p=0.09) | One month p=0.02
Three months p=0.09
22 Increasing (p=0.07) within the No significant correlation
normal range
6 CD8 z scores related to: No significant correlation
total treatment received (p=0.04) between either variable and CD8§
time since first treatment (p=0.03) Z scores
11 CD4 z scores related to: Significant correlation only

FVIII received in the week (p=0.01),
one month (p=0.02)
and three months (p=0.03) prior to the assays

between CD4 z scores and FVIII
received in the three months
before the assay (p=0.04)

Table 7.3 Summary of T cell subset analysis




Discussion

In this study of 21 patients studied over a period of up to ten years after the first
treatment episode there are no clear changes in CD4 or CD8 counts occurring over
time. The CD4 counts of 20 individuals are stable and all but 4 individual CD4
measurements (from a total of 258 assays) are withiﬁ or above the normal range. The
CD8 counts show more changes but three patients have increasing counts and three
decreasing. There is therefore no clear pattern of changes within this group and they
are, as a group not demonstrating the previously described changes in CD4 and CD8
counts seen in HIV seronegative haemophiliacs (Sullivan et al 1986, Shannon et al
1986b, Cuthbert et al 1992).

There are however a number of criticisms to be made about this study.

Of the original group of 25 patients in the viral safety study 21 were included in the T
cell subset assay. Patient 19 was excluded because he moved away, however the
exclusion of patients 9, 13 and 16 was unfortunate. They were three of the four mild
haemophiliacs in the study and were excluded from the analysis because they lived a
distance away and did not come to the Regional Haemophilia Centre on a regular basis.
It would be important to have studied them because they all received very little
treatment and their patterns of serial T cell subsets might have provided important
information, providing a small ‘internal control’ group.

A second criticism on this point is the lack of a control group. The calculation of z
scores is based on serial T cell subset values from a cohort of healthy children. It was
stated in the publication of this data that as children grow older they do not track a
particular centile line and ‘within child’ variation is seen (European Collaborative
Study 1992). However there is a lot of variation seen in the individuals studied here
and the use of a control group of age matched children followed over a similar time
period would have provided useful information as to whether this degree of variation is
always seen. As always in paediatric studies it is difficult to obtain samples from
healthy children particularly on a regular basis. Another useful control group would

have been the haemophiliacs who remain free of HIV but have been treated with a
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variety of concentrates and have contracted hepatitis. There was no long term serial
data available on these patients but this would have been extremely valuable. The lack
of this information underlines the importance of collecting the data now on the group
of BPL 8Y treated patients. Whatever the results show, if the data is well collected this
group can serve as a control for future groups of paﬁents perhaps treated in different
ways. In addition to the use of control groups it would have been preferable to have
studied the patients from the start of treatment on a regular basis, for example at
exactly four monthly intervals. This would have made comparisons between
individuals and controls easier. In some cases there are long intervals of more than one
year between assays.

A problem in this study of serial data is that in 1991 the assay for the T cell counts was
changed from a manual method to using an automated FACSCAN. Such a major
change in method during a study of serial values is obviously far from ideal. The
manual method was probably more prone to laboratory error and the production of
extreme results and overall less reliable. However, some extreme results were also seen
with the automated method. Dividing the data and looking at the results from the two
periods separately, only one individual had any significant change in CD4 or CD8 over
time using simple regression. However the time periods covered were probably too
short to draw any major conclusions from this. One individual (15) had decreasing
CD4 z scores during the manual period and subsequently completely stable scores
during the latter half of the study. No other patient showed such dramatic differences
between the two halves of the study which does increase confidence in looking at the
data together. Looking at some individuals the results seem to show less fluctuation
during the FACSCAN period (for example individuals 3, 12 and 15) however this is
not a general observation, the converse is true in cases 8 and 18. Ideally the study
should have used the same method throughout and would have done so if the
FACSCAN had been available earlier. The decision to change was viewed in the long

term, eventually a series of data acquired in a standardised way would be built up.
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The use of z scores was a novel way of investigating haemophiliac children. Although
normal ranges for the percentage and total count of CD4 and CD8 lymphocytes had
been established in adults, in children these values are very much age dependant,
increasing in the first year of life and then gradually falling towards adult values.
Therefore, when prospectively following a group éf children, normal ‘age-related’
changes need to be accounted for. In this study this was done by calculating the z score
of each individual CD4 and CD8 measurement, the z score being the measure of how
different an individual is from the average of all children of the same age, the standard
deviation. Scores larger than plus or minus 1.88 occur outside the 3rd or the 97th
centile, and would therefore be said to be outside the normal range for a child of that
age.(The European Collaborative Study 1992) By examining serial z scores it was
possible to determine whether there was a progressive change in CD4 and CDS8 counts,
occurring independent of age. Absolute lymphocyte counts during childhood vary
widely and therefore the percentage of CD4 and CDS8 cells were used in the
prospective follow up.

Several of the patients have at least one extreme value outside of the normal range,
possibly occurring by chance or as a result of laboratory error, or due to other external
influences, for example viral infections which are known to increase CD8 levels.

These extreme values may strongly influence the analysis when looking for changes
over time and must be borne in mind when drawing conclusions. The assessment of the
relationship of treatment given to the z scores might have shown whether the extreme
values were due to unusual treatment situations but the results of the analysis did not
support this.

Looking more closely at the patients who had changes in the CD4 and CD8 counts
over time. Only one of the 21 patients analysed had a significantly decreasing CD4 z
score (patient 5). In this case 14 serial CD4 assays were done over a 95 month period
starting 15 months after the patient first received FVIII treatment. Of the fourteen
measurements two fell below the normal range (the tenth and eleventh in the series)

but the subsequent three values, measured over a 20 month period were all in the
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normal range. The CD8 z scores of this individual showed a slight but insignificant
increase over time.

One patient had significantly increasing CD4 z scores during the study. This was the
last patient to be recruited and had only seven assays over 32 months. All values were
well within the normal range, the first three being beléw the mean for age and the latter
four above. These four measurements taken over a two and a half year period have
been stable.

In summary therefore, with one exception the CD4 counts of this population of
haemophilic boys are remaining stable over a period of up to ten years.

When the CD8 z scores are considered, more patients demonstrated significant
changes, however three had increasing CD8 z scores while three others had decreasing
values. Looking closely at the increasing CD8 values, because this is one of the
immune abnormalities previously most commonly described in groups of
haemophiliacs. Two of the three patients had all values within the normal range
(patients 12 and 22), whereas the third (patient 15) had two of fifteen values outside of
the normal range of which one was taken on the day he was born and may be therefore
difficult to interpret and the other was the seventh in the series. Of these three patients
all had stable CD4 values.

In addition to three patients with increasing CDS8 values, three had decreasing values,
also in the presence of stable CD4 values. Patient 1 had decreasing CDS8 z scores, all of
which except one was in the normal range. The latter measurements of patients 3 and 4
are below the normal range. The meaning of low levels of CD8 cells in the presence of
a normal total lymphocyte and CD4 count is unclear. Low CD8 cell counts have not
been previously described in haemophilia but this observation should be noted
particularly as it has been observed in two of the patients who have been under
treatment for the longest period of time.

In order to look at the changes in the serial CD4 and CD8 values more closely the
values were investigated in relation to the FVIII treatment that the patients were

receiving. The patients in this study had received vastly different amounts of treatment
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by the end of the study period (33,245 — 714,570 units FVIII, mean 297554). It was
investigated to see whether there was any association between the change in CD4 and
CD8 levels, measured in terms of the r values determined for each patient in the simple
regression and the total treatment received. This would demonstrate whether, in the
absence of statistically significant CD4 and CD8 changes, there was a trend towards
changes in those who had received more FVIII concentrate. For CD4 there was no
association, whereas in the case of CD8 there was a negative association in that higher
amounts of treatment were significantly associated with more negative r values
(p=0.02) reflecting falling CD8 levels. This effect could be accounted for by the three
patients who had been longest in the study who have already been described.

The pattern and amount of treatment given before the individual assays however did
not account for fluctuations in the CD4 and CDS8 z count.

To assess the effect of treatment on the CD4 and CDS§ values a multiple regression
model was used on the individual patients. At the time these studies were being
performed treatment was being given on demand, as it was required as opposed to
regular prophylaxis. There was, therefore often a big variation in the way treatment
was given both in terms of the amount of treatment and the pattern in which it was
given both of which may have had an effect on the T lymphocyte subsets. Before some
assays an individual may have received a lot of treatment in the days leading up to the
assay whereas at other times he may have received very little. There will also have
been occasions when he received a lot of treatment in the time period six weeks before
the assay and little or none immediately before.

To try and assess whether treatment given at these different time periods had an effect
on the CD4 and CD8 counts a multiple regression model was used, assessing the
relationship between CD4, CD8 and the following three variables; treatment in the
week before the assay, the month before the assay and three months before. However,
the value of the results obtained from this analysis may be limited because these three
variables are not independent of each other. The treatment in the three months before

includes that of both the month before and the week before and likewise that of the

143


























































































































































































































































































































































































































































































































































































































































































































































































